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inase (ALK) gene and DNA aneuploidy. However, they
ay be simply a product of uncontrolled inflammation

onsidering that they are composed of a mosaic of
nflammatory cells, are associated with Epstein-Barr vi-
us, human herpesvirus-8, and gastroesophageal reflux
isease, and have been noted to decrease in size with
nti-inflammatory agents like corticosteroids [1].
The presentation of IMTs varies depending on their

ite of origin. The symptoms of pulmonary IMTs may
nclude dry cough, fever, hemoptysis, and dyspnea, but

ost are discovered incidentally on chest roentgenogram
4–6]. The symptoms of esophageal and gastric IMTs
nclude pain and dysphagia [7]. Furthermore, IMTs can
ause constitutional symptoms, including fever, malaise,
eight loss, anemia, and thrombocytosis, which resolve

fter resection of the tumor [2]. The current patient
resented with a 6-month history of increasing dyspha-
ia, which is in keeping with the mass effect imposed on
he esophagus.

The diagnosis of IMTs is difficult to make preopera-
ively [8]. Pulmonary IMTs are well-circumscribed, soli-
ary, peripheral, homogenous or heterogeneous nodules
n chest roentgenograms and computed tomography [8].
iopsy specimens from these lesions usually demon-
trate inflammation and frequently result in an inconclu-
ive diagnosis, and can even be misdiagnosed [5, 8]. This
cenario was certainly true with the current patient,
here multiple biopsy specimens did not yield a diagno-

is. Immunohistochemical staining for ALK (positive in
0% of IMTs), cytokeratin, laminin, SMA, muscle-specific
ctin (MSA), calponin, fibronectin, and desmin is vari-
bly and inconsistently positive in IMT, and in our
atient these stains were negative.
As with all tumors, recommended treatment for IMTs

s complete surgical resection [1, 7, 8]. However, not all
atients with microscopically positive margins recur.

ndeed, the risk of recurrence for incomplete resection is
nly 60% [1, 3]. Survival after complete resection is 91% at
years and 77% at 10 years [5]. Results from nonsurgical

reatment have been disappointing, and it is reserved for
hose patients who are inoperable, palliative, or who had
ncomplete resection [2]. Radiologic surveillance is the
ecommended appropriate follow-up [1].

At present, IMT is regarded as a neoplasm of interme-
iate biologic potential because of the tendency for local
ecurrence, which is 25% for abdominopelvic lesions and
ess when arising in the lung. The incident of metastasis
s extremely rare, and no available morphologic indica-
ors can be useful in predicting such behavior.
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yperbaric Oxygen Therapy for
hronic Refractory Osteomyelitis
f the Sternum
aymond C. Shields, MD, Francis C. Nichols, MD,
illiam G. Buchta, MD, and Paul L. Claus, MD

ivisions of Cardiovascular Diseases, Preventive,
ccupational, and Aerospace Medicine, and General Thoracic
urgery, Mayo Clinic and Mayo Foundation, Rochester,
innesota

his report describes a 32-year-old woman with chronic
efractory osteomyelitis of the sternum after multiple
urgical procedures including a sternotomy with under-
ying colonic interposition that was successfully man-
ged with hyperbaric oxygen therapy. The clinical course
s reviewed, and the complexities of this diagnosis are
hen discussed, including a brief review of the mecha-
isms of management with hyperbaric oxygen therapy.

(Ann Thorac Surg 2010;89:1661–3)
© 2010 by The Society of Thoracic Surgeons

ternal osteomyelitis is an uncommon but serious
complication of a median sternotomy. Postoperative

isk factors for sternal wound dehiscence include trans-
usions, surgical chest re-exploration, prolonged postop-
rative ventilation, and prolonged intensive care unit
tay [1]. Improvements in surgical techniques for the past
0 years have significantly improved mortality rates for
hronic sternal wound infections. However, the morbid-
ty remains significant and sternectomy with muscle flap
ransposition may be problematic. Reports of hyperbaric
xygen therapy (HBOT) for the management of chronic
efractory sternal osteomyelitis remain limited in the
nglish literature.
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32-year-old woman with a history of accidental lye
ngestion at 14 months of age underwent multiple esoph-
geal surgical procedures at a young age, including
ubcutaneous colonic interposition. For cosmetic rea-
ons, the subcutaneously placed colon interposition was
ventually moved to a substernal position using a me-
ian sternotomy. Evolving tortuosity of the colonic inter-
osition and resulting dysphagia required distal colonic
esection and revision of the cologastric anastomosis. The
ast surgical procedure was complicated by a nonhealing,
raining sinus tract from the lowermost sternum. There
as never any clinical evidence of anastomotic leakage
n the imaging studies. Despite multiple surgical de-
ridements with prolonged and repeated courses of
ulture-directed antimicrobial therapy and frequent
ressing changes, this wound failed to heal (Figs 1 and 2).
linical and computed tomographic findings were con-

istent with chronic sternal osteomyelitis. Initial wound
ultures were remarkable for Escherichia coli with no
ubsequent positive cultures. The patient required daily
arcotic analgesia for pain management.
Generally accepted management of sternal osteomy-

litis with wide sternal debridement and muscle flap
ransposition would place the colonic interposition at
ignificant risk. For this reason, HBOT was initiated.
wenty-four of 40 recommended sessions were com-
leted; each included a treatment profile of 100% oxygen
dministered through an oxygen hood (Series 500 Hood,
eckdam System, [Sea-Long Medical Systems Inc, Lou-

sville, KY]) at 105 kilo pascal (kPa) (2 atmospheres
bsolute or 33 feet of sea water [fsw]) for 90 minutes with
5-minute air break. All sessions were conducted in a
ultiplace chamber (TL24-165 AH11 [Fink Engineering,
ueensland, Australia]). Ertapenem antibiotic therapy
as continued throughout HBOT and was discontinued
n completion. No additional surgical debridement was
ver required.

ig 1. Chronic refractory median sternotomy wound with a draining
inus tract.
The HBOT was well tolerated with no complications. t
ramatic pain relief was seen very early after HBOT
nitiation, along with cessation of sternal drainage. After
ompletion of only 24 sessions, the sternal wound had
ompletely healed and further sessions were not under-
aken due to the patient’s logistical limitations (Figs 3 and
). C-reactive protein levels improved from 16.1 mg/L
re-HBOT to less than 3 mg/L at completion. With 16
onths of follow-up after completion of HBOT, the

ternal wound remains healed without evidence of recur-
ence, and the patient has no requirement for pain
edication.

omment

he management of sternal osteomyelitis remains con-
roversial. Surgical debridement with muscle flap trans-
osition has generally been advocated to obliterate me-
iastinal dead space and facilitate closure to prevent
ecurrent infection [2]. Significant reduction in mortality
nd overall length of hospitalization has been attributed
o this approach; however, the morbidity with aggressive
urgical debridement remains substantial [3]. Other
reatment approaches have included sternal preservation
echniques with delayed or secondary closure, primary
losure after debridement, and debridement and closure
ver continuous irrigation and drainage tubes [4]. Sternal
eapproximation after debridement has generally been
eserved for early and limited sternal wound infections,
ut these techniques will more likely result in recurrent

nfection compared with aggressive debridement and
uscle flap transposition [2]. The associated microbial

athogens have predominantly been gram positives with
maller percentages of gram negatives, anaerobes, and
ungi [3]. The true incidence of post-sternotomy sternal

ig 2. Computed tomographic image of the sternal sinus tract at the
adiographically placed marker (*). The arrow highlights contrast in

he substernal colonic conduit.
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steomyelitis remains uncertain, and documentation is
omplicated by the fact that mediastinitis is difficult to
istinguish from sternal osteomyelitis. In addition, ster-
al excision or aggressive debridement is frequently
equired, regardless of the cause, once sternal wound
isruption occurs.
Information on management of sternal osteomyelitis
ith HBOT in the English literature is limited. Higuchi

nd colleagues [5] used HBOT for post-lung transplanta-
ion complications, including sternal osteomyelitis in 4
atients [5]. Lappa and colleagues [6] achieved complete
ealing in 3 patients predominantly as outpatients with
ost-sternotomy wounds with a combination of HBOT,
oncurrent antibiotics, and collagen pads, without the
equirement for additional surgical debridement. Fol-
ow-up at 12 months found no recurrence of infection or
ound dehiscence. A return of C-reactive protein levels

o normal in response to HBOT was seen by Petzold and
olleagues [7] in the management of a sternal wound
nfection after cardiac transplantation and initiation of
mmunosuppressant therapy.

Chronic sternotomy wounds are believed to be due to
isruption in normal osseous blood flow resulting in
ypoxic tissue. Experimental studies have shown osteo-
yelitic bone to be hypoxic compared with normal bone

8]. The HBOT has been an effective adjunct to surgical
anagement of chronic mediastinitis. The HBOT is ben-

ficial for treatment of osteomyelitis by reversing tissue
ypoxia, enhancing leukocyte bacterial phagocytosis,
nd improving tissue perfusion. These mechanisms are
mportant in the enhancement of wound healing and

ig 3. Median sternotomy wound healed with hyperbaric oxygen

herapy.
eem to have been important in the healing of the chronic
ternal osteomyelitis in our patient. Rapid improvement
n wound healing and pain reduction is impressive at
nly 24 sessions of HBOT; however, we still advocate
ompletion of at least 40 HBOT sessions, as is commonly
ecommended for chronic osteomyelitis. Further investi-
ation with well-designed clinical trials of HBOT for
hronic sternal osteomyelitis is necessary to further sub-
tantiate this treatment modality.
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