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Abstract

METHODS: 99mTc-HM-PAO leukocyte scintigraphy (LS) and
computer tomography (CT) were carried out on 19 patients af-
ter cardiac surgery; 10 patients with a high clinical probability
of an infected sternal wound (group II) and additionally 9 post-
operative patients without clinical symptoms of infection, as a
control group (group I). LS was carried out with mixed, autolo-
gous leukocytes, labelled with 99mTc-HM-PAO in vitro. CT scans
were obtained with the use of intravenous contrast material.
Findings from the LS of control patients (group I) were as fol-
lows: a cold area in the view of the sternum, a «biffed sternum»
and a diffuse, increased lung uptake of leukocytes. The CT scans
of the control group showed focal oedema, focal haematoma
and moderate sternal abnormalities. The CT findings of a well-
defined fluid collection in the retrosternal space led to one con-
trol patient being classified as having a retrosternal abscess. In
the group II, the LS finding of an increased leukocyte uptake
and the CT finding of a structural irregularity of the sternum, or
of air or fluid collection in the retrosternal space, were taken as
signs of infection. In 11 of the 13 cases, the infection was veri-
fied clinically: 9 of these proved positive on LS and 8 on CT. LS

Introduction

Wound infection following sternotomy remains a complication with
an incidence of 1–3% (1–3). It may be localised to the superficial
soft tissues, to the sternum and/or to the retrosternal spaces. The
diagnosis of sternal wound infection can be based on the local
symptoms (erythema, purulent drainage, sternal instability), labo-
ratory findings (leukocyte count, erythrocyte sedimentation rate,
C-reactive protein, etc.) and chest X-ray examination (4). Imaging
methods such as leukocyte scintigraphy (LS) and computer to-
mography (CT) can also play an important role in the diagnostic
strategy. With CT, despite its good morphological resolution, a
differentiation between the signs caused by sternotomy alone, and
those caused by infection, could be difficult (5). 99mTc-hexame-
thylpropylene amine oxime (HM-PAO) LS has been described as
a useful method for the detection of mediastinitis and osteomyeli-
tis after sternotomy (6). Abnormalities seen on CT and LS may be
caused by infection, but may also be a consequence of a normal
sternotomy (5, 7, 8, 9). Separate analysis of the signs caused by
sternotomy or infected complications therefore appears reason-
able.

The aim of this study was to establish the diagnostic value of
LS and CT in the detection and localisation of sternal wound in-
fections.

was positive in cases with either superficial or deep processes.
In all cases, CT revealed whether the infection was limited to
the presternal space or whether the sternum and mediastinum
were also involved.
CONCLUSIONS: LS and CT are sensitive methods for the early
detection of postoperative sternal wound infections. CT is su-
perior for the exact localisation of the process, while specific
signs of infection can be differentiated from those of uninfected
sternotomy by the use of LS. A combination of LS and CT is
suggested in the diagnosis of poststernotomy infection.
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Patients and methods

Patients
Nine patients (5 males, 4 females, aged 42–67 years, mean: 53.4
years) without clinical symptoms of infection were investigated a
mean of 13 days (range: 10–17 days) following the sternotomy
(Group I). Six of the patients underwent valve replacement and 3
coronary artery bypass grafting (Table 1).

Thirteen investigations were carried out on 10 patients (8 males,
2 females, aged 42–72 years, mean: 54.6 years) with typical clin-
ical symptoms of sternal wound infection (Group II). Four patients
underwent valve replacement and 6 coronary artery bypass graft-
ing. Six studies were made within the first 30 postoperative days,
2 between the 30th and 60th postoperative days, and 2 one year
after surgery (Table 2).

The study was performed with the permission of the Local
Ethical Committee of the University.

LS examinations
In vitro leukocyte labelling was achieved by a routine method (10)
with some modifications. 60 ml of venous blood was collected in
a syringe containing 6 ml of 3.8% sodium citrate and 12 ml of 6%

dextran. After spontaneous sedimentation of the erythrocytes, the
supernatant was centrifuged at 100xg for 5 min, and the mixed
leukocyte pellet was collected. 99mTc-HM-PAO was performed
by adding 1700-2300 MBq 99mTc in 5 ml to HM-PAO (BRAIN-
SPECT, OSSSKI, Budapest, Hungary). The mixed leukocytes were
resuspended in 1 ml of 99mTc-HM-PAO (340-460 MBq). After incu-
bation of the leukocytes for 10 min at room temperature, the un-
bound 99mTc-HM-PAO was removed by centrifugation. The label-
ling efficacy was measured and the viability of the labelled cells
was checked with the trypan blue exclusion test. Images were tak-
en from the chest in the anterior and anterior oblique views 30 min
and 2, 4 and 20–24 hours following re-injection of the labelled cells.
LS and CT studies were carried out within 48 hours in each case.

CT examinations
All patients were scanned in the supine position with a Siemens
Somatom DRG scanner using contiguous 8 mm scans from the
level of the manubrium to the diaphragm. Intravenous contrast
medium was used routinely (Omnipaque 300, Nycomed).

Three anatomical areas were evaluated:
1. presternal soft tissue (skin integrity, subcutaneous fat planes,

the presence or absence of subcutaneous air or fluid collection),

Table 2. Scintigraphic and CT findings in patients in Group II

Case Type of Postoperative Scintigraphic CT Bacteriology Diagnosis
no. surgery time findings findings

1. VR 17 days I, D M + M
1*. VR 4 months C N not done HE
2. VR 17 months H M + OM
2*. VR 20 months I, H OM + OM
3. VR 20 days I, H M + OM
3*. VR 2 months B E not done HE
4. CABG 28 days B, H E + SI
5. CABG 15 days B Ai, E + SI
6. VR 10 days H M + M
7. CABG 30 days I M + M
8. CABG 15 days H Ai, E + SI
9. CABG 5 days B, D M + M
10. CABG 12 months I, H OM + OM

*: repeated study, VR: valve replacement, CABG: coronary artery bypass grafting, I: increased lung uptake, C: cold lesion, B: «biffed» sternum, D: diffuse leucocyte accumulation,
H: hot spot, N: normal, Ai: air, E: edema, M: mediastinitis, OM: osteomyelitis, HE: healed SI: superficial inflammation

Table 1. Scintigraphic and CT findings in patients in Group I (controls)

Case Type of Postoperative Scintigraphic CT Diagnosis
no. surgery time findings findings

1. CABG 11 days N N healed
2. VR 16 days C Ai, E healed
3. VR 12 days I, C Ai, E healed
4. VR 13 days N N healed
5. VR 10 days I, B A, E healed
6. VR 13 days B N healed
7. VR 15 days N Ab, G, E healed
8. CABG 17 days N G, E healed
9. CABG 14 days I, B G, E healed

VR: valve replacement, CABG: coronary artery bypass grafting, N: normal, I: increased lung uptake, C: cold lesion, B: «biffed» sternum, Ai: air , G: sternal midline «gap», E:
oedema, Ab: abscess
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2. bony sternum (adequacy of the approximation, the pres-
ence or absence of midline «gaps», sternal «step-offs»),

3. retrosternal space (the preservation of soft tissue planes
and the presence or absence of air and fluid in the anterior medi-
astinum).

Results

LS, cell labelling
The mean labelling efficacy was 62.2% (range 50–77%) in Group
I and 67.2% (range 47–83%) in Group II. The separation and la-
belling procedure caused no change in the viability of the leuko-
cytes, which was found to be 100% in all cases.

Group I (controls)
Physiological leukocyte distribution was detected in 4 of the 9
control patients, a decreased leukocyte uptake (cold lesions) in
the view of the sternum in 2 cases (Figure 1), and the pattern of a
«biffed sternum» in 3 patients. There was a persistent high leuko-
cyte accumulation in the lung in 3 cases. The LS findings of a cold
spot in the sternum, a «biffed sternum» and an increased lung
uptake of leukocytes were regarded as normal consequences of
sternotomy (Table 1). No increased leukocyte uptake in the view
of the sternum was found in the control group.

In 3 patients, CT examination revealed no changes. The scans
showed air collection in the presternal soft tissue in 3 other pa-
tients. The approximation of the sternum was uneven in every
patient, but in only 2 cases was the midline «gap» over 2 mm.
Anterior mediastinal abnormalities (mild oedema) were present in 6
patients. In one patient on the basis of the CT findings of a well-
defined fluid collection in the retrosternal space, abscess was clas-
sified; however, this was not supported by either the clinical data or
the LS. This result was considered to be false-positive (Table 1).

Group II
Infection of the sternal wound was verified by surgical exposure in
10 basic studies and in 1 of the 3 repeated examinations. The
diagnosis was superficial wound inflammation in 3, osteomyelitis
involving the sternum in 4 and mediastinitis in 4 cases. The cul-
ture results were as follows: Staphylococcus epidermidis and/or
S. hominis in 6 cases, Staphylococcus aureus, Enterobacter cloa-
cae or Pseudomonas aeruginosa in 1 case each, and a mixed
infection of Micrococcus and Streptococcus alpha-haemolyticus
in another patient.

An increased leukocyte uptake was found by LS in 9 of the 11
cases with infected complications. The leukocyte accumulation
was found circumscribed in 7 cases (Figure 2) and diffuse in 2 pa-
tients (Figure 3). The LS patterns of superficial inflammation, osteo-
myelitis and mediastinitis were similar (although all patients with
osteomyelitis had an LS finding of a circumscribed leukocyte ac-
cumulation). LS did not permit exact establishment of the extent
of the depth of the inflammatory process. Two studies on patients
with wound infections proved false-negative. In these cases only
LS findings of uninfected sternotomy were detected. LS proved
negative in 2 cases without clinical signs of infection (repeated
studies) (Table 2).

Normal postoperative CT signs (air collection and oedema)
were revealed in 3 out of 11 examinations on 10 patients with

Figure 3. LS of a patient with mediastinitis, as a complication following
sternotomy. «Biffed sternum» and diffuse, increased leukocyte accumula-
tion (patient 9, group II).

Figure 2. LS of a patient with osteomyelitis following sternotomy. A cir-
cumscribed, increased leukocyte accumulation in the view of the ster-
num, with a diffuse increased lung uptake of the leukocytes (patient 10,
group II).

Figure 1. LS of a patient with uncomplicated wound healing. A de-
creased leukocyte uptake in the view of the sternum (arrow) (patient 2,
group I).
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symptoms of poststernotomy wound infection (Figure 4). All of
them proved to have a superficial wound infection. Two of the 11
cases were classified as having sternal osteomyelitis (Figure 5), which
was confirmed by surgical exposure. In 6 of the 11 cases, CT exam-
ination demonstrated infection involving the anterior mediastinum.
Surgery revealed either mediastinitis (4 patients) (Figure 6) or osteo-
myelitis associated with only mild infectious signs in the anterior me-
diastinum (2 patients) in these 6 cases. CT examination showed nor-
mal postoperative changes (normal situation or oedema) in 2 of the
3 repeated examinations following complete recovery (Table 2).

Discussion

Sternal wound infections can be localised to the superficial soft
tissues, or to the sternum, and/or the mediastinum may be also
involved (3). Staphylococcus, Enterobacter or Pseudomonas spe-
cies are the pathogenic agents frequently responsible for the in-
fection (3,11). Typical clinical symptoms, such as erythema, a
purulent discharge and sternal instability, are usually apparent in
the first or second postoperative week (12,13). A purulent dis-
charge from the wound is the most frequent sign of the infection;
this can be detected in 70–90% of the cases (14). The diagnostic
value of imaging methods such as CT, bone scintigraphy, 67Ga
scintigraphy, or LS has not yet been elucidated. CT has been found
to be a useful tool for distinction between wound infection and
sternotomy (9). In contrast, Carrol suggested that signs due to
sternotomy cannot be distinguished from the signs of infection by
means of CT (5). Because of the accumulation of the radiophar-
maceutical in scars, neither bone scintigraphy nor 67Ga scintig-
raphy is a useful method to differentiate between infected compli-
cations and normal wound recovery (15,16). HM-PAO LS was found
to be a useful method for the detection of mediastinitis and osteo-
myelitis following sternotomy (6,7).

A decreased leukocyte uptake in cases of fracture, bone ne-
crosis, osteomyelitis or malignant bone lesions has already been
observed (17–19). Coronary artery bypass grafting performed with
internal mammary artery can cause a decrease in the blood sup-
ply of the sternum. This may also be responsible for the decreased
uptake of radiopharmaceuticals in the region of the sternum (20).
In patients after sternotomy without infection, a persistent diffuse
lung uptake of the labelled leukocytes in the late images was found
more frequently than usual. Pulmonary leukocyte retention may
be due to the activation of leukocytes (21), to damage to the cells
during the separation and labelling procedure (22) or to vascular
or interstitial injury of the lung tissue (23). Since the viability of the
labelled cells checked by trypan blue exclusion test was found to
be 100% in all cases in our studies, it is concluded that non-spe-
cific activation of the leukocytes may be responsible for the pul-
monary leukocyte retention in the control group. This non-specific
activation might be due to the interstitial parenchymal injury or
some clinically less significant bronchopulmonary inflammation,
possibly as a consequence of the routine mechanical ventilation
in the early postoperative period.

CT evaluation of the control group indicates that postopera-
tive changes may still be present 2–3 weeks after the operation.
The presternal soft tissues return to normal rapidly and air is sel-
dom seen beyond the first week. Smaller defects in sternal clo-
sure (midline «gap» or «step-off») are so common that they are of

Figure 6. CT of a patient with infected complication following sternotomy.
Midsternal gap, well-defined retrosternal fluid and air collection due to
mediastinitis (patient 1, group II).

Figure 4. CT of a patient with wound healing without complication. Wid-
ening of the anterior mediastinum and mild oedema, midsternal gap (pa-
tient 8, group I).

Figure 5. CT of a patient with an infected complication following sternot-
omy. Irregularity of bone margins and midline «gap» due to osteomyelitis
(patient 10, group II).
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only limited diagnostic value. In most cases, mild oedema or fo-
cal fluid collections persist in the anterior mediastinum (8).

In our study in the majority of cases with sternal wound in-
fections, an increased leukocyte accumulation was detected by
LS. In agreement with Cooper, only the increased leukocyte up-
take can be regarded as a scintigraphic sign of wound infection.
In contrast with our findings, Cooper found the LS to be more
sensitive (7). Our results, however, agreed with the findings of
Oates, based on investigations with 111In LS (24). An increased
leukocyte uptake in the view of the lungs was detected in 5 of
the patients with clinical signs of infection. This pattern, howev-
er, was frequently found in the control group as well. We con-
clude, therefore, that it cannot be interpreted as a specific sign
of infection.

The other very important question is the correct localisation of
the inflammatory process. Planar LS imaging, which was applied in
the recent study, seems not to be useful for the estimation of the
depth of the inflammation. LS combined with SPECT acquisition
might be a promising method for increasing the adequate localisa-
tion of the inflammation (25).In patients with suspected poststerno-
my infection, CT examination can accurately reveal the localisation
and depth of the infection, and allows an adequate distinction be-
tween superficial and deep processes. However, it must be em-
phasised that postoperative changes in the mediastinum may mimic
diffuse mediastinitis or a mediastinal abscess (9).

As normal postoperative changes may overlap significantly
with the signs of poststernotomy infection (8), CT scans must be
interpreted only in the full knowledge of the clinical symptoms,
laboratory findings and abnormalities revealed by other imaging
methods.

In conclusion, LS and CT are sensitive methods for the early
detection of postoperative sternal wound infection. CT is superior
for the exact localisation of the process; while specific signs of
infection can be differentiated from those of uninfected sternoto-
my by the use of LS. A combination of LS and CT is suggested in
the diagnosis of poststernotomy infection.
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