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During an 11.5-year period, 100 consecutive patients (79 male,
21 female) underwent repair of an infected sternotomy wound.
Sixty-five patients had failed attempts at wound closure by other
physicians. Median age was 61.5 years (range, 5 to 85 years).
Reconstruction included muscle in 79 patients, omentum in 4,
and both in 15. A total of 175 muscles were transposed, including
169 pectoralis major, 3 rectus abdominis, 2 external oblique, and
1 latissimus dorsi. Median number of operations was four (range,
1 to 11). Mechanical ventilation was required in 30 patients.
Two perioperative deaths occurred, one related to sepsis. Median
follow-up was 4.2 years (range, 1.3 to 13.5 years). Twenty-six
patients had recurrent infection. Median time from our closure
to recurrence was 5.5 months (range, 0.3 to 27.6 months). Cause
of recurrence was inadequate removal of cartilage in 16 patients,
bone in 6, and retained foreign body in 4. Eighteen patients had
the wound reopened with further resection; 10 had another muscle
or omentum transposition. There were 30 late deaths, only one
related to recurrent infection. At the time of death or last follow-
up, 92 patients had a healed chest wall. Transposition of the
pectoralis major muscle remains an excellent method of man-
agement for infected sternotomy wounds. Failure is directly re-
lated to persistent infection of cartilage, bone, or retained foreign
bodies.

MW f EDIAN STERNOTOMY IS the preferred approach
for most cardiac operations and for resection
of many anterior mediastinal masses.' Al-

though wound complications after sternotomy are rare,
infection remains the most threatening because ofthe po-
tential for mediastinal sepsis with extension to aortoco-
ronary grafts, cardiotomy incisions, and intracardiac
prostheses.2 In the past, the consequences of such infec-
tions have been death or a prolonged convalescence.3-6
In 1980 Jurkiewicz and associates7 revolutionized man-
agement of this complication by reporting excellent results
in patients treated by vigorous sternal debridement and
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obliteration of dead space with healthy, viable muscle. In
1984 we reported8 similar excellent results; however our
follow-up was short-term. The purpose of this report is
to review our long-term experience with recalcitrant in-
fected sternotomy wounds that were managed primarily
with muscle transposition and to analyze factors affecting
long-term successful closure.

Patients and Methods

Between June 1, 1977 and November 21, 1988, 100
consecutive patients with infected median sternotomy
wounds were treated at the Mayo Clinic by the combined
efforts of a single thoracic and plastic surgeon (PC Pai-
rolero, PG Arnold). This combined approach, however,
does not represent the entire experience with such wounds
at our institution during that time. Seventy-nine patients
were male and 21 were female. Ages ranged from 5 to 85
years (median, 61.5 years). Sternotomy was performed
for cardiac disease in 92 patients and for mediastinal dis-
ease in eight (Table 1). Seventy-four patients had coronary
artery bypass; the internal mammary artery was used in
36 patients (left in 32 and both in 4). Ninety patients had
a single previous sternotomy; 10 had multiple sternoto-
mies, all for cardiac disease. Six patients had 2 cardiac
operations, two had 3, and two had 4. Ten of the 100
patients had their sternotomy wound reopened during the
immediate postoperative period because of bleeding or
dehiscence; two other patients had emergent vagotomy
and antrectomy for bleeding duodenal ulcers. Eight pa-
tients had received previous mediastinal irradiation for
previous malignant disease. Forty-four patients had their
sternotomies performed at another institution.
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TABLE 1. Indications for Median Sternotomy

Number Previous Mediastinal
of Radiation

Indication Patients (No. of Patients)

Cardiac 92 3
CABG 70
CABG +AVR 2
CABG + MVR 2
MVR 4
AVR 6
MVR + AVR 3
Fontan procedure 3
Tetralogy of Fallot 2

Mediastinal 8
Cancer 5 5
Pneumothorax 2
Aortoinnominate bypass 1

Total 100 8

CABG, coronary artery bypass graft; AVR, aortic valve replacement;
MVR, mitral valve replacement.

Sternal drainage occurred 1 week to 4 years after ster-
notomy (median, 3 weeks). The median time interval be-
tween the onset of sternal drainage and sternal repair by
us was 7.5 weeks (range, 2 days to 6 years). During this
latter time period, 65 patients had previous attempts at
wound closure by other physicians that failed, which in-
cluded debridement in all patients, mediastinal irrigation
and suction drainage in 41, omental transposition in 2,
and muscle transposition in 1. The median number of
sternal debridements in these 65 patients before evaluation
by us was two (range, 1 to 10). All patients had purulent
sternal drainage.
Our initial treatment included debridement of the

manubrium and sternum in all patients. Early in our ex-
perience mediastinal debridement was limited. However
now we think that mediastinal debridement should be
done in all patients, and great effort was made in our later
experience to remove all exposed foreign bodies, including
felt pledgets, pacemaker wires, and sutures.9 If heart or
great vessel suture lines required reinforcement because
of real or potential bleeding, fascia lata and transposed
muscle were used. In addition to debridement, the manu-
brium and sternum were resected completely in 43 pa-
tients and partially in 33; all 76 had associated costo-
chondral arches resected from the back to the ribs.

Tissue cultures, obtained in all patients, were positive
in 95. One hundred eighty-two organisms were isolated
(Table 2). A single organism was identified in 45 patients,
two in 24, three in 20, four in 3, six in 1, and eight in 1.
Eighty patients had only bacteria identified, two had only
fungus, and 13 had both. No patient had multiple fungi
isolated.

Muscle or omental flaps were used to obliterate the
underlying mediastinal space in 98 patients. In the re-
maining two patients, the skin wound was left to heal

secondarily after debridement only. Reconstruction was
entirely with muscle transposition in 79 patients, omental
transposition in 4, and both in 15. Transposition of the
various muscles and omentum has been described pre-
viously.8"0'16 A total of 175 muscles were transposed, in-
cluding 169 pectoralis major (all based on the thoracoac-
romial leash), 3 rectus abdominis, 2 external oblique, and
1 latissimus dorsi. Seven patients had myocutaneous flaps
(rectus abdominis in 2, pectoralis major in 2, external
oblique in 2, and latissimus dorsi in 1). Bilateral pectoralis
major muscle transpositions were performed in 79 pa-
tients. The nondominant humeral attachment ofthe pec-
toralis muscle was divided in 1 14 ofthe 169 transpositions
(65.7%).
The median number of operations in these 100 patients

was four (range, 1 to 1 1). The wound was closed at the
time of the initial debridement in 11 patients. In the re-
maining 89 patients, the wound was dressed with moist
gauze after initial debridement and/or resection and four
times a day thereafter. All wounds were thoroughly irri-
gated with water at the time of each dressing change. Ad-
ditional debridements to remove nonviable tissue were
done as needed. Quantitative tissue cultures were not ob-
tained to determine the timing ofwound closure. Instead
the wound was closed when healthy granulation tissue
was present without gross exudate. Wound closure was
performed a median of 14 days after the initial debride-
ment (range, 2 to 192 days) in 88 patients.

Hospitalization ranged from 7 to 210 days with a me-
dian of 26.5 days. Fifty-nine complications occurred in
42 patients (Table 3). Eight patients had prolonged wound

TABLE 2. Micro-organisms Identified in 95 Patients
with Infected Sternotomy Wounds

Number of
Micro-organisms Patients

Bacteria
Staphylococcus aureus 65
Pseudomonas aeruginosa 19
Streptococcus viridins 16
Staphylococcus epidermidis 13
Enterobactor 10
Serratia marcescens 8
Staphylococcus pyogenes 7
Escherichia coli 6
Cornybacteria 6
Propionibacteria 5
Hemophylis influenza 3
Klebsiella pneumoniae 3
Proteus vulgaris 3
Actinobacillus 1
Salmonella I

Fungus
Candida albicans 13
Rhizopus arrhizus I
Aspergillusfumigatus 1
Trichoderma I
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TABLE 3. Complications

Complication Number

Wound infection 8
Wound hematoma 6
Myocardial infarct 4
Muscle necrosis 2
Omental necrosis 2
Renal failure 2
Acute femoral artery occlusion 1
Mycotic popliteal artery aneurysm 1
T,5 disc space infection 1
Wrist space infection 1
Subphrenic abscess 1

infections (5 superficial, 3 deep); 7 were dismissed with a
portion ofthe wound healing secondarily, and was open
at the time of perioperative death. All 6 patients with
wound hematomas required operative evacuation. All
patients with distant sites of infection (popliteal artery,
T4-5 disc space, wrist space, and subphrenic space) also
required surgical intervention.

After each operative procedure, the patients generally
were extubated on the evening ofthe operation. Mechan-
ical ventilation beyond the second postoperative day,
however, was required in 30 patients, 21 because of chest
wall instability and 9 because of continuing sepsis. Two
of the 21 patients with chest wall instability had trache-
ostomy; was performed at another institution for un-
known reasons, and was performed by us for aspiration
pneumonia. All wounds in these 21 patients were suc-

cessfully closed, and extubation was possible in all by 14
days (median, 3.5 days). Six ofthe nine patients with sepsis
had tracheostomy. Five of the wounds in these nine pa-

tients were closed and, again, extubation was possible in
each. Extubation also was possible in one of the four pa-
tients in whom the wound could not be closed. The me-
dian length of mechanical ventilation in the five patients
who were extubated was 45 days (range, 32 to 100 days).
Two perioperative deaths occurred. The first was in an

85-year-old man who underwent aortic valve replacement.
Three weeks later the wound became infected. The patient
had an uneventful course following debridement and clo-
sure with bilateral pectoralis major flaps until sudden
death from a myocardial infarction 17 days later. The
second death occurred in a 7 1-year-old man who had cor-
onary artery bypass and who underwent emergency va-

gotomy and pyloroplasty on the 11th postoperative day
for a bleeding duodenal ulcer. Bleeding continued and 4
days later he underwent antrectomy. This was followed
by generalized sepsis, including mediastinitis and peri-
tonitis. Although the mediastinum was debrided and bi-
lateral pectoralis major flaps were transposed, the wound
was never closed because of progressive respiratory and
renal failure. Death occurred at 171 days.
One patient was lost to follow-up. This was a 61-year-

old man who developed an infected sternotomy wound
after coronary artery bypass. Although closed with bilat-
eral pectoralis major flaps, sepsis continued and resulted
in wound breakdown, respiratory failure, and tracheos-
tomy. His hospital course also was complicated by acute
common femoral artery occlusion that necessitated
thrombectomy. However gradual improvement occurred
and eventually he was transferred to his home hospital in
Spain on the 88th postoperative day with both a trache-
ostomy and his sternum healing secondarily. Follow-up
in the remaining 97 operative surviving patients ranged
from 1.3 to 13.5 years (median, 4.2 years).

Seven patients were dismissed from the hospital with
a portion ofthe sternal wound open. One patient was lost
to follow-up and one died from sepsis at 3 months. The
wounds in four of the patients healed spontaneously be-
tween 3 to 6 months, and one was closed with omentum
and skin graft at 2 months.

Recurrent sternal infection occurred in 26 patients and
was more frequent in the last half of our study period (in
21 of 66 patients) than in the first half (5 of 34 patients)
(x2 = 2.584, p = 0.108). Median time from our closure
to recurrence was 5.5 months and ranged from 0.3 to 27.6
months. All recurrences presented as draining sinuses,
most commonly associated with osteomyelitis and/or
costochondritis. None had abscess collection in the me-
diastinum, pleura, or peritoneum, although several pa-
tients had draining sinus tracts to retained mediastinal
foreign bodies. Drainage, erythema, and local tenderness
were the most common findings. Other signs and symp-
toms were uncommon.

Factors possibly affecting recurrent sternal infection are
shown in Table 4. Only inadequate removal of nonviable
tissue at the time ofdefinitive repair was significant. Those
patients who had resection of the manubrium, sternum,
and costochondral arches were significantly less likely to
develop late recurrence (10 of64 patients) than those who
had debridement only (14 of 26 patients) (p < 0.001).
The number of operations to close a wound successfully,
the extent of resection (complete versus partial), a history
of previous sternal irradiation, the number of previous
sternotomies, the institution where the sternotomy was
performed, the indication for sternotomy, and whether
the internal mammary artery was used for cardiac revas-
cularization did not affect recurrence (p = NS). Recur-
rence in our patients was attributed to inadequate removal
of cartilage in 16 patients, bone in 6, and retained foreign
bodies in 4.

Anterior chest wall pain was present in 37 patients.
This pain was described as a stabbing sensation in 27 pa-
tients, tightness in 4, ache in 3, numbness in 1, and spasms
in 1. The pain generally was always present, made worse
by activity, and usually not relieved by analgesics or other
pain clinic techniques. Symptoms were more common in
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TABLE 4. Factors Affecting Long-term Successful Closure

No
Factors Recurrence Recurrence p Value*

Removal of tissue
Debridement 14 10
Resection 12 64 0.001

No. of operations
Single 0 11
Multiple 26 63 0.086

Extent of resection
Complete 7 36
Partial 5 28 0.854

Sternal radiation
Yes 2 6
No 24 68 0.724

No. of prior sternotomies
Single 25 65
Multiple 1 9 0.403

Institution
Mayo Clinic 14 42
Other 12 32 0.978

Indication for sternotomy
Cardiac 23 67
Mediastinum 3 7 0.939

Coronary artery bypass
Mammary artery 8 28
Vein only 14 24 0.262

* Chi square test.

22 ofthe 26 patients with recurrent sternotomy infections
now have well-healed chest wounds without drainage.

There were 30 late deaths, only one related to infection.
This patient was a 71-year-old man who had an uneventful
course after wound closure with bilateral pectoralis major
flaps. Although discharged from the hospital, infection
persisted in this man. The wound was reopened and de-
brided, but adult respiratory distress syndrome developed
and the patient died 2.5 months after initial closure. Cause
of the death in the remaining 29 patients was cardiac in
20, cancer in 3, renal failure in 1, trauma in 1, radiation
myelitis in 1, and unknown causes in 3. At the time of
death, 27 patients had healed chest walls.

There were 98 operative survivors; one was lost to fol-
low-up and one died after 2.5 months from continuing
infection. Twenty-six patients developed recurrent sternal
infection, 22 of whom were successfully treated. Sixty-
seven patients are known to be alive. Median follow-up
in these 67 patients was 4.7 years (range, 0.7 to 13.5 years).
Sixty-five of these former patients have healed anterior
chest walls. At the time of death or last follow-up, 92
patients had healed chest walls without drainage.

Discussion

patients who developed recurrent infection (19 of 26 pa-
tients) than in those who did not (18 of 74 patients) (X2
= 17.582, p < 0.001). Five of nineteen patients with
omental transpositions developed hernias through the
tunnel through which the omentum was passed. All five
patients were asymptomatic and none required surgical
intervention. Progressive shortness of breath during fol-
low-up was uncommon.
The wound healed spontaneously in 7 ofthe 26 patients

with recurrent infection. One patient refused further sur-

gical treatment and the wound currently continues to
drain. The remaining 18 patients underwent additional
operative procedures. All patients had further removal of
nonviable tissue, 10 by debridement of residual manu-

brium, sternum, and cartilage, and eight by resection.
Eight ofthese patients had debridement or resection only,
seven also had another muscle transposition, and three
had omental transposition. Retained foreign bodies also
were removed from four patients. Following these pro-
cedures 13 patients had no further signs or symptoms of
infection; however infection recurred for a second time
in five patients, all ofwhom had had debridement rather
than resection as management for the first recurrence.

Three ofthese five patients underwent additional resection
and a third muscle transposition, one had debridement
only, and one refused further surgical intervention. At
last follow-up the wounds in three of these five patients
were healed, and two continue to drain (one patient who
had debridement and one who had resection). In summary

Since 1957 median sternotomy has become the most
commonly used incision in cardiac operations.'7 The ra-

pidity and ease with which it can be performed and the
excellent access it provides to the heart and great vessels
are major factors contributing to its widespread accep-

tance. Although wound complications are few, infection
remains the most ominous.'8"9 If left untreated these in-
fections can extend to aortic and cardiac suture lines,
prosthetic grafts, and intracardiac prostheses and can re-

sult in death.
The earliest treatment of infected sternotomy wounds

consisted ofdebridement and open sternal drainage, which
had an attendant mortality rate of more than 50%.20 Shu-
macker and Mandelbaum3 and Bryant et al.4 subsequently
described the technique of closed mediastinal irrigation
and suction drainage, which reduced the mortality rate
to approximately 20%. In 1976 Lee, et al.,2' offered an

alternative method of management by transposing the
omentum to eliminate mediastinal dead space. Jurkiewicz
and associates expanded this concept by using pectoralis
major muscle flaps and reduced the mortality rate to zero.7

Since then these and other authors reported equally ex-

cellent results in large numbers of patients, often using
multiple stages.8 22-28

Nearly all authors agree that the pectoralis major muscle
is ideal to manage patients with complicated infected me-
dian sternotomy wounds. The muscle has a dominant
blood supply based on the thoracoacromial artery. Mo-
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bilization of this muscle allows an arc of rotation that
reaches all of the anterior chest wall except the lower ster-
num. Nonetheless treatment of infected sternotomy
wounds continues to be controversial. Recently good re-

sults were reported with less extensive and single-stage
procedures, suggesting that extensive debridement and
multiple operations may not be necessary.29'30 However
most reports fail to distinguish between the different types
of sternal wound infections and none report factors that
influence successful long-term closure.

Clearly not all infected median sternotomy wounds re-
quire muscle or omental transposition. Superficial infec-
tions may be treated successfully by adequate drainage,
specific parenterally administered antibiotics, local wound
care, and simple secondary closure. Deeper infections that
involve the sternum and the anterior mediastinum, how-
ever, require exploration and thorough debridement.
Deep infected median sternotomy wounds present in

one of three ways (Table 5).31 The earliest are type I in-
fections. These patients present with serosanguineous
wound drainage within a few days of sternotomy. Few
patients have skin cellulitis; none have mediastinal sup-
puration, osteomyelitis, or costochondritis. Wound cul-
tures often demonstrate no growth; when positive, how-
ever, a staphylococcal species is encountered in nearly
50% of cases. Early recognition oftype I wound infection
requires a high index of suspicion and they are best man-
aged in the operating room under general anesthesia,
where both the subcutaneous and mediastinal spaces can

be inspected. Because the mediastinum is always soft and

TABLE 5. Classification ofInfected Sternotomy Wounds

Number of
Classification Patients

Type I 11
Occurs within first few days
Serosanguineous drainage
Cellulitis of skin absent
Mediastinum soft and pliable
Osteomyelitis and costochondritis absent
Cultures usually negative

Type II 84
Occurs within first few weeks
Purulent drainage
Cellulitis of skin present
Mediastinal suppuration
Osteomyelitis frequent,

costochondritis rare
Cultures positive

Type III 5
Occurs months to years later
Chronic draining sinus tract
Cellulitis of skin localized
Mediastinitis rare
Osteomyelitis, costochondritis, or retained

foreign body always present
Cultures positive

Total 100
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pliable, residual space is obliterated easily by suction
drainage, thereby allowing the wound eventually to heal
in most patients. A few, however, will progress and will
require more extensive debridement with obliteration of
dead space by viable tissue. Our experience with type I
wound infection is minimal because most are managed
by the operating cardiac surgeon. Nonetheless 11 of our
patients had this early type of infection; all were managed
with a single operative procedure and none developed
recurrent infection. Equally important is the fact that 41
of our patients had mediastinal irrigation and suction
drainage with immediate closure by other surgeons, yet
infection progressed in all. When we evaluated these 41
patients, all had type II infection, as described below, and
all required more extensive operations. We could not de-
termine historically what type of infection was present at
the time of previous treatment at other institutions.
Type II infections present as fulminant mediastinitis

usually within the first few weeks after operation. These
patients often have purulent wound drainage, skin cel-
lulitis, and obvious communication between the sternum
and mediastinum. Many have acute osteomyelitis but only
a few have associated costochondritis. Cultures usually
are positive for staphylococcal species. Like type I infec-
tions, our practice is to inspect type II wounds in the
operating room under general anesthesia, where all re-
cesses of the mediastinum must be explored thoroughly.
Necrotic tissue such as bone, cartilage, or soft tissue should
be excised. Any exposed healthy cartilage should be re-
sected back to normal bone.32 The cut surface ofcartilage
is at greater risk ofrecurrent infection than the cut surface
of bone. All foreign material, including sutures, pledgets,
and sternal wire, are removed. Every effort should be made
to avoid entering the pleural space if there is no clinical
or roentgenographic evidence of empyema.
The key to deciding whether type II wounds can be

closed at the time of initial debridement is the condition
of the mediastinum. If soft and pliable, suction drainage
usually will obliterate mediastinal space after the sternum
is closed following debridement. Obliteration of dead
space below the sternum combined with muscle trans-
position on the external surface usually will prevent rein-
fection and many wounds will heal with this technique.
However there is a group of patients with advanced type
II infections in which the suppuration has caused the me-
diastinum to become indurated and thickened. As a result
pliability decreases and mediastinal dead space cannot be
obliterated by suction drainage alone. These wounds
mandate obliteration of this space by other techniques.
Late type II infections were the most common wound we
treated. It was also the wound most likely to develop re-
current infection. These latter findings probably reflect
the tertiary nature of our practice and explain why re-
current infection was more common in the last half of
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our experience (31.8%) than in the first half (14.7%), al-
though this difference is not statistically significant.
Type II wounds that are not closed immediately are

dressed with gauze moistened with saline solution follow-
ing thorough resection. The dressing is changed in the
patient's room every 4 to 6 hours and the wound irrigated
with water. If possible the patient showers because drain-
age is considerably better in the upright position. If bed-
ridden irrigation is done in a special treatment facility
with a hand-held shower or Water Pik (Teledyne, Inc.,
Fort Collins, CO).33 If at any time there is evidence ot

new or persistent necrotic tissue, the patient is returned
to the operating room for further debridement.

Closure of the wound is performed when there is no

evidence of drainage, when nonviable periosteum, peri-
chondrium, bone, or cartilage has all been removed, and
when the edges of the debrided sternum or ribs are clean.
Our first choice to obliterate the mediastinal space is the
pectoralis major muscle transposed on the dominant
proximal thoracoacromial neurovascular leash. Fre-
quently both pectoralis major muscles are mobilized. The
nondominant humeral attachment is divided as needed
to permit the degree of rotation and advancement re-

quired; sometimes both humeral attachments must be di-
vided to close the wound. The overlying skin and sub-
cutaneous tissue then are closed with direct suture. We
also prefer to close the lower portion of the wound with
skin and subcutaneous tissue rather than the rectus ab-
dominis muscle because recurrences, in our experience,
were not related to this portion of the wound. Myocuta-
neous flaps are used on rare occasions when they seem

to be the best geometric solution to a wound ofa particular
size, shape, and location. If the epicardium is exposed,
the omentum may be transposed to obliterate any peri-
cardial space and to cover the heart, if necessary. The
more superficial layers of the chest wall then are closed
by skin graft, muscle flaps, or direct closure of skin and
subcutaneous tissues.

Sometimes the pectoralis major muscles are absent or

insufficient to close the wound. In these patients consid-
eration must be given to other types of transposition; we
prefer omental or rectus abdominis muscle transposition.
Both of these flaps should be considered second-line
treatment choices. Omental transposition has the distinct
disadvantage of both entering a sterile visceral cavity and
producing a ventral hernia. One of our 19 patients who
had omental transposition developed a subphrenic abscess
because ofthis procedure and five developed hernias. The
rectus abdominis muscle flap may not be as dependable
if the internal mammary artery has been used in a coro-

nary artery bypass, thrombosed from infection, or ligated
with sternal debridement.
Type III infections occur months to years later. These

patients present with a chronic draining sinus tract from

the manubrium, sternum, costochondral arches, or re-

tained foreign bodies. All have osteomyelitis and/or cos-

tochondritis but mediastinitis is rare. Most patients also
have localized skin cellulitis around the sinus tract site.
Cultures often are positive. When the sinus tract is ex-

plored, all infected bone and necrotic tissue must be re-

sected back to healthy bone. Ifthe sinus tract extends into
the mediastinum, usually there is retained foreign material
and this also must be removed. If the sinus tract enters
cartilage, the entire cartilage must be resected back to
normal bone. After debridement we prefer to dress this
wound open with frequent dressing changes and repeat
debridement as indicated. Once the wound is clean, clo-
sure is as described above with preference given again to
pectoralis major muscle transposition.

Twenty-six per cent of our patients developed recurrent
infection. Interestingly the recurrence rate was nearly
identical for both the second (28%) and third (25%) sur-

gical attempts to heal the wounds. When factors affecting
recurrent infection were analyzed, only incomplete re-

moval of nonviable tissue was significant. Those patients
who had debridement only had a significantly greater
chance of developing late recurrence as compared to those
who had resection; this observation also was true after
the second and third attempts at surgical wound healing.
Although not statistically significant, no recurrence oc-

curred in patients in whom we were able to close the
wound in one procedure. We think, however, that this is
so only because ofthe small number of patients involved.

Recurrent infections often were managed with another
muscle transposition in addition to debridement or re-

section. Most transpositions involved the same pectoralis
major muscle in that the previously transposed muscle
was remobilized to allow debridement or resection and
then retransposed. None of our patients had loss ofmuscle
with this technique.

Long-term respiratory failure after successful wound
healing was unlikely and was not related to whether me-

chanical ventilation was required during the time of ster-
nal wound management. Instead progressive shortness of
breath was related more commonly to late cardiac failure.
This observation correlates with our previous experience
with resection of the anterior chest wall for neoplasms.34
We conclude that there is a spectrum of infected ster-

notomy wounds and that all follow the same time-honored
principles of wound healing elsewhere: the wound must
be drained adequately; all necrotic tissue, devascularized
tissue, and foreign material must be removed; and all re-

sidual space must be obliterated. If these principles are

achieved, the entire spectrum of sternotomy wound in-
fections can be healed successfully. For patients with late,
recalcitrant median sternotomy wound infections, these
principles are best achieved by stemal resection combined
with pectoralis major muscle transposition.
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DISCUSSIONS
DR. FRANCIS ROBICSEK (Charlotte, North Carolina): I agree with Dr.

Arnold and his coworkers that the pectoralis muscle is perhaps the sur-
geon's best friend, and in our practice we use it not only to treat sternum
infection but also to prevent some ofthe complications before they occur.
We use it in especially two types of patients. In very thin women who

are liable to develop sternal complication, we mobilize the pectoralis
muscle back to about 1.5 or 2 inches, more on the side where the mam-
mary is intact and unite it in the front of the sternum. This gives an
excellent soft padding. And in our experience, the wound healing is much
better.
The second type ofpatients in whom we use this method are heavyset,

robust individuals, especially those with obstructive pulmonary-arterial
disease.

I believe that the pectoralis muscle, besides being a friend, is also a
culprit that causes or contributes to some of the disruptions by pulling
the sternum apart. If you reverse this process by uniting it in the front
of the sternum, then the pectoralis muscle is working for you instead of
against you.
We also use this method in sternal disruptions, even before the infection

occurs. In such cases we do the sternal weaving around the wire down
on the sides of the sternum then unite the pectoral muscle in the front
of the sternum. In practically all of the cases, you can obtain a very nice
healing.

Use of muscle flaps in thoracic infection is probably the most important
development in the history of thoracic surgery in the last decade. And
for this Dr. Arnold and his colleagues who have pioneered this procedure
deserve the gratitude of the profession.
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