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Background. Previous studies demonstrated that °“™Tc-labeled-ubiquicidin 29—41
(**™Tc-UBI 29—41) imaging is an accurate method for detection of bacterial infections.
This study was conducted to evaluate the clinical use of *™Tc-UBI 29—41 for detection
of mediastinitis after cardiac surgery.

Methods. Thirteen patients with suspected mediastinitis after cardiac surgery were in-
cluded. Qualitative and semiquantitative analyses of **™Tc-UBI 29—41 images were per-
formed. Mediastinitis was confirmed by bacterial culture.

Results. Qualitative analysis correctly identified the infection in 5/6 patients with media-
stinitis. For observer 1, there were five true-positive results, six true-negative results, one
false-positive result and one false-negative result (sensitivity: 83%, specificity: 85%, pos-
itive predictive value: 83%, negative predictive value: 85%, and overall diagnostic accu-
racy: 84%). For observer 2, there were five true-positive results, five true-negative results,
two false-positive results and one false-negative result (sensitivity: 83%, specificity: 71%,
positive predictive value: 71%, negative predictive value: 83%, and overall diagnostic ac-
curacy: 76%). Agreement between observers was 0.847 (SE = 0.145, p = 0.002). Semi-
quantitative analysis showed a higher mediastinum uptake of the **™Tc-UBI 29—41 in
patients with mediastinitis than that derived from patients without mediastinitis. Mean
uptake of **™Tc-UBI 29—41 was 60.4 + 10.3 counts/pixel and 47.4 + 5.5 counts/pixel,
respectively (p = 0.01). At the threshold value of =57 counts/pixel using ROC analysis,
the sensitivity, specificity, positive predictive value, negative predictive value and overall
diagnostic accuracy for detecting patients with mediastinitis were 83, 100, 100, 87, and
92%, respectively (p = 0.02; 95% CI: 0.65—1.10%).

Conclusions. **™Tc-UBI 29—41 imaging yielded fast and promising first results for
patients with suspected mediastinitis after cardiac surgery and, as such, deserves further
investigation. © 2008 IMSS. Published by Elsevier Inc.
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imaging.

Introduction complication occurs, it increases the length of hospital stay,
the need for repeated surgical procedures, and the average
costs, including the possibility of being lethal. Associated
mortality rate varies from 10—47% (1,3—7).
Patients with obvious signs of mediastinitis are rapidly
brought to the operating room to prevent the infection from
i i i . spreading to the prosthetic materials used in cardiac repair,
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Juan Badiano No. 1, Col. Seccién XVI, Tlalpan, Mexico D.E., 14080, clear clinical situation present a diagnostic dilemma be-
Mexico; E-mail: epvv2@hotmail.com cause fever, white blood cell count, acute-phase protein

Mediastinitis is a potentially life-threatening complication of
cardiac surgical procedures performed using median sternot-
omy. Overall incidence has been reported in 0.4—7% of
patients who have undergone heart surgery (1—3). When this
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levels, and chest pain can be caused by a general inflamma-
tory reaction to surgical trauma and/or sternal dehiscence
without infection (8).

Although available techniques such as ultrasonography,
computed tomography (CT) and magnetic resonance imag-
ing (MRI) have been evaluated, none reliably identified
patients with mediastinitis (9). CT and MRI might be per-
formed in these patients, but the nature of swelling, fluid
and air depicted is nonspecific, and metallic implants may
reduce image quality. Scintigraphic studies using ®’Ga-cit-
rate (10,11), labeled leukocytes with " n-oxine (12,13) or
99mTc-hexamethylenepropyleneamine  oxime  (14,15),
99mTe labeled ciprofloxacin (16), and BE_FDG-labeled leu-
kocytes (17) have been reported for infection detection. Un-
fortunately, these radiopharmaceuticals are nonspecific to
discriminate between infectious and noninfectious inflam-
matory processes (18—20).

Recently, several studies have shown that the synthetic
antimicrobial peptide fragment, **™Tc-labeled ubiquicidin
29—41 (**™Tc-UBI 29—41) is a highly sensitive and spe-
cific agent for the scintigraphic detection of bacterial and
fungal infections in animals and humans (21—24). 9ome.
UBI 29—41 allows rapid visualization of gram-positive
and -negative bacterial infections with little or no accumu-
lation in sterile inflammatory processes, indicating that this
peptide directly tags the microorganisms at the site of infec-
tion (infection-specific tracer) (25—30). Although there is
general acceptance of these fundamental statements, a spe-
cific binding of UBI derivatives to Staphylococcus aureus
in rats could not be confirmed in a recent study (31) and
challenge the concept of specific in vivo imaging of bacte-
rial infections using **™Tc-UBI 29—41. Some authors have
suggested that additional studies will be needed to verify
other mechanisms of binding that are specifically associ-
ated with bacterial infections and may explain the different
results of previous clinical studies (21—31).

Based on these considerations, this study was conducted
to evaluate the clinical use of **™Tc-UBI 29—41 antimicro-
bial peptide for the scintigraphic detection of mediastinitis
after cardiac surgery.

Materials and Methods
Patient Population

Thirteen adult patients (eight males and five females with
ages ranging from 27—65 years; mean age =+ SD,
49.5 £ 11.5 years) with symptoms or signs suggesting me-
diastinitis such as fever >38°C, chest pain, sternal insta-
bility, purulent discharge from the mediastinal area or
mediastinal widening in radiology who underwent cardio-
pulmonary bypass for coronary artery bypass graft surgery
(CABG) or valve replacement through a median sternotomy
from January 2004 through April 2007 at the Instituto

Nacional de Cardiologia Ignacio Chavez in Mexico City
were prospectively enrolled in the study.

Mediastinitis was defined as the presence of pus, bacte-
rial growth, or both, in mediastinal tissue obtained during
surgical exploration or fluid sampled by aspiration, either
with or without sternal instability. All patients who did
not have surgical exploration and a negative bacterial cul-
ture obtained from a sternal wound aspiration were fol-
lowed for at least 6 months after imaging. These patients
were then classified as non-mediastinitis cases according
to a negative bacterial culture, clinical course and treatment
at final follow-up. Antibiotic therapy and referrals to per-
form a surgical exploration for mediastinitis or performed
fluid sampled by aspiration after surgery were done accord-
ing to physician discretion and was blinded to the imaging
results and not per study protocol. After the study period
ended, the patient’s records (with the clinical diagnoses)
were read and compared with the imaging results. Collected
data regarding patients were blinded to the findings of scin-
tigraphy.

This prospective study was approved by the institutional
ethics committee and all subjects gave written informed
consent before enrollment.

Study Protocol

For those patients who underwent exploration for mediasti-
nitis, imaging was performed before they were taken to the
operating room and only if their clinical conditions were
safe and adequate for the study. For those patients who
did not undergo exploration for mediastinitis or surgical
drainage, imaging was performed within 10 days of cardiac
surgery and after a diagnosis of postoperative infection was
considered by the physician and fluid sampled by aspiration
was cultured. All patients received the same skin prepara-
tion, scrub of the surgical sites and cephalosporin antibiotic
administration before skin incision. Clinical, radiological,
and biological screenings were performed as usual.

99mTe-UBI Scintigraphy

Radiopharmaceutical. Ubiquicidin **™Tc-UBI 29—41 frag-
ment peptide was supplied by Bachem California Inc.
(Torrance, CA) and formulated by the Instituto Nacional
de Investigaciones Nucleares (ININ, Mexico City, Mexico)
as a freeze-dried kit formulation in a facility certified for
Good Manufacturing Practices (21—23). Antimicrobial
UBI 29—41 was labeled with sodium pertechnetate from
a freshly eluted **™Tc generator (CIS BIO-International,
Bagnols-Ceze, France) using a previously described method
for the preparation of the **™Tc-UBI 29—41 and for check-
ing the quality control of the radiochemical purity (21—23).

99mTe-UBI 29—41 Imaging Acquisition Protocol. Anterior
and left lateral images of the thorax were acquired 2 h after
IV injection of 740 MBq (20 mCi) of **™Tc-UBI 29—41,
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each for 500 kilocounts (kcts) according to a previous pub-
lished study which demonstrated that the higher average
target/nontarget ratio is measured at this time (22). Planar
scintigraphy was performed with the patient lying supine
and the arms out of the field of view, using a commercially
available single-head gamma camera equipped with a low-
energy, all-purpose collimator (GE Healthcare, Waukesha,
WI).

Image Interpretation and Data Analysis. *™Tc-UBI
29—41 scans were viewed for interpretation on a dedicated
workstation (eNTEGRA, GE Healthcare). Interpretation
was performed by two experienced observers indepen-
dently without knowledge of the clinical history and surgi-
cal information. Interpretations for each study were
performed using the following sets of images: (1) anterior
image and left lateral image for the qualitative analysis,
and (2) anterior image for the quantitative analysis. Quali-
tative analysis of *™Tc-UBI 29—41 scans was categorized
as positive or negative for infection. The results of images
were regarded as positive when **™Tc-UBI 29—41 scintig-
raphy showed a greater uptake of radiopharmaceutical at
the mediastinum than that from the background activity
(i-e., lung uptake). For a semiquantitative analysis, medias-
tinum activity of **™Tc-UBI 29—41 (i.e., mean count
density expressed in counts/pixel) was recorded using
a same-size square (7 x 7 pixels in size) region of interest
(ROI) placed over the mediastinum area (Mcts). Also,
a ROI was placed over a normal lung area (Lcts) to calcu-
late the mediastinum-to-lung ratio (Mcts/Lcts) using the
ratio software of the system (Figure 1).

Statistical Analysis. Continuous data were expressed as
mean = SD and categorical data as proportions. Paired
and unpaired Student’s t-tests were used as a means for
comparing values within and between groups. Degree of
agreement between observers was calculated by use of
the Cohen k index. Diagnostic accuracy for the detection
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of mediastinitis by **™Tc-UBI 29—41 scintigraphy was ex-
pressed as sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy.

To estimate the accuracy of **™Tc-UBI 29—41 scintigra-
phy for the diagnosis of mediastinitis, we used standard re-
ceiver operator characteristic (ROC) curve method and the
disease status for each patient on the basis of clinical evi-
dence and bacterial culture. Patients were divided into
two groups: those who did and did not have mediastinitis.
Within each subset, subjects were identified as positive if
their Mct (mediastinal uptake) was equal to or greater than
a threshold value or negative if their Mct was below that
threshold. Also, subjects were identified as positive if their
Mct/Lct ratio was equal to or greater than a threshold value
or negative if their ratio was below that threshold. A ROC
was then constructed based upon sensitivity and specificity
across the range of values and area under the curve (AUC)
for the resulting ROC model was calculated. The best cutoff
value for Mcts and Mcts/Lcts ratio was chosen as the value
that optimized sensitivity, specificity, predictive values, and
accuracy. All statistical analyses were performed with
a commercially available software package (SPSS, v.
10.0; SPSS Inc., Chicago, IL); p values <0.05 were consid-
ered statistically significant.

Results

9mTc-labeled ubiquicidin 29—41 antimicrobial peptide
scintigraphy was performed in 13 patients (8 men and 5
women) with a mean age of 504 12 years (range:
27 — 65 years) and with suspected mediastinitis. CABG
was performed in three patients (23%) and valve replace-
ment in 10 (77%). Median duration of symptoms before
99mT¢-UBI 29—41 scintigraphy was performed was 2 days
(range: 1—3 days). There were six cases of mediastinitis
among the 13 patients studied (46%). Four of these patients
were receiving cephalosporins and two patients were
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Figure 1. (A) Patient with a negative *™Tc-UBI 29—41 scintigraphy. (B) Patient with a positive *™Tc-UBI 29—41 scintigraphy. Dose injected 740 MBq
(20 mCi), 500 kilocounts (kcts) per scan. MCts, mediastinum counts; LCts, lung counts; M/L ratio, mediastinum/lung counts ratio.
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receiving ticarcillin plus clavulanic acid when images were
performed. Surgical and histopathological confirmation was
available in all cases. In seven patients, the final diagnosis
of ‘“‘no mediastinitis” was based on negative surgical find-
ings (two patients) and negative bacterial culture with an
uneventful follow-up of 36 + 07 months (five patients).
All these patients responded to treatment for soft-tissue in-
fection, and mediastinitis was therefore clinically deemed
unlikely. Patients with mediastinitis were more likely to
have a history of diabetes and obesity; however, there were
no significant differences between groups in these and other
comorbid conditions. Clinical characteristics of the patients
and results of the “*™Tc-UBI 29—41 scintigraphy are
reported in Table 1.

Qualitative analysis of the scintigrams with **™Tc-UBI
29—41 correctly identified the infection in 5/6 patients with
mediastinitis (Figure 2). In all of these patients, the infec-
tion was clearly delineated at 2 h after injection. Only in
one patient who had CABG, result of **™Tc-UBI 29—41
scintigraphy was considered false-negative for both ob-
servers. For observer 1, there were five true-positive results,
six true-negative results, one false-positive result and one
false-negative result (sensitivity 83%, specificity 85%, pos-
itive predictive value 83%, negative predictive value 85%,
and overall diagnostic accuracy of 84%). For observer 2,
there were five true-positive results, five true-negative re-
sults, two false-positive results and one false-negative result
(sensitivity 83%, specificity 71%, positive predictive value
71%, negative predictive value 83%, and overall diagnostic
accuracy of 76%). Agreement between observers was 0.847
(SE = 0.145, p = 0.002).

Semiquantitative analysis of the scintigrams showed
a higher mediastinal uptake of the *™Tc-UBI 29—41 in pa-
tients with mediastinitis than that derived from patients
without mediastinitis. Mean uptake of **™Tc-UBI 29—41

Table 1. Patient data and results of **™Tc-UBI 29—41 scintigraphy

was 60.4 £+ 10.3 counts/pixel and 47.4 +5.5 counts/pixel,
respectively (p = 0.01).

There were no differences in lung uptake of **™Tc-UBI
29—41 between patients with mediastinitis and patients
without mediastinitis (mean uptake was 31.3+1.78
counts/pixel from vs. 30.2 & 2.83, respectively (p = 0.54).
On the other hand, the Mcts/Lcts ratio derived from patients
with mediastinitis was systematically higher than that de-
rived from patients without mediastinitis, but these differ-
ences were not statistically different (1.94 4= 0.24 counts/
pixel vs. 1.58 £ 0.24; p = .07).

At the threshold value of the mediastinum uptake of =57
counts calculated using ROC analysis, sensitivity, specificity,
positive predictive value, negative predictive value and over-
all diagnostic accuracy for detecting patients with mediasti-
nitis were 83%, 100%, 100%, 87% and 92%, respectively
(area under the curve = 0.881, SE = 0.115, p = 0.02; 95%
CI: 0.65—1.10%). At the threshold value of the mediasti-
num/lung uptake ratio of =1.95 obtained with ROC analysis,
the sensitivity, specificity, positive predictive value, negative
predictive value, and overall diagnostic accuracy for detect-
ing patients with mediastinitis were 66, 100, 100, 77, and
84%, respectively (area under the curve = 0.857,
SE = 0.118, p = 0.03; 95% CI: 0.62—1.08%).

Discussion

Mediastinitis is a severe complication of cardiac surgical
procedures performed using median sternotomy, with high
morbidity and mortality (1—7). Accurate diagnosis is chal-
lenging and relies on a combination of clinical symptoms
and imaging findings (8—20). CT and MRI may be consid-
ered for the diagnosis of mediastinitis; however, changes in
soft tissue density may be compatible with either infection

*Tc-UBI 29—41 scintigraphy findings

Microorganisms isolated

Patient (Age/Sex) Surgical procedure Observer 1 Observer 2  MCts LCts M/L Ratio Final diagnosis from mediastinum sampled
1 (46/F) MVR TN TN 508 28+£6 1.78 Bronchopneumonia No growth

2 (47/M) AVR TN TN 41+6 284+5 1.47 Bronchopneumonia No growth

3 (62/M) CABG TN TN 406 31+6 1.29 Catheter-related sepsis No growth

4 (56/F) MVR TN TN 49+6 3446 1.45 Bronchopneumonia No growth

5 (53/F) AVR TN Fp 56+6 2946 1.94 Sepsis No growth

6 (34/M) CABG TN TN 48£8 31%5 1.55 Catheter-related sepsis No growth

7 (38/M) CABG FN FN 24+7 29+6 1.45 Mediastinitis E. aerogenes

8 (64/F) AVR TP TP 67+8 32+6 2.09 Mediastinitis E. coli, S. epidermidis

9 (48/M) AVR TP TP 586 30+£5 1.93 Mediastinitis E. faecalis, S. epidermidis
10 (50/F) MVR TP TP 64+7 31+5 2.07 Mediastinitis Serratia

11 (53/M) AVR TP TP 72+10 344+5 2.11 Mediastinitis S. epidermidis

12 (27/M) A-MVR TP TP 59+8 30+6 1.97 Mediastinitis S. aureus, E. faecalis

13 (65/M) AVR FP FP 46+6 31+£5 1.49 Bronchopneumonia No growth

MCts, mediastinum counts; LCts, lung counts; M/L ratio, mediastinum/lung counts ratio; F, female; M, male; MVR, mitral valve replacement; AVR, aortic
valve replacement; CABG, coronary artery bypass grafting; TN, true negative; FP, false positive; FN, false negative; TP, true positive.
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Figure 2. (A,B) No evidence is shown of sternum or mediastinum **™Tc-UBI 29—41 activity. (B) Abnormal **™Tc-UBI 29—41 uptake in the right lung
corresponding to bronchopneumonia (microbiological culture of sputum was positive for coagulase-negative Staphylococcus). Patients (A,B) were imaged
during the first 10 days after surgery and they were receiving cephalosporins. (C) Sternal wound infection and **™Tc-UBI 29—41 uptake also can be seen
around the sternum. (D) Image of a patient with mediastinitis and right bronchopneumonia. Mediastinitis and sternal infection was confirmed by surgical
exploration in both patients and verified by bacterial culture. Patient in (C) received cephalosporin and patient (D) received ticarcillin plus clavulanic acid

when images were performed. Arrows indicate the infected area.

or hematoma and postoperative changes (9). Infection and
inflammation can be detected by radionuclide imaging
techniques (10—20); however, these scintigraphic modali-
ties are nonspecific to discriminate between infectious
and noninfectious inflammatory processes. Recent studies
have demonstrated promising results of the antimicrobial
peptide, *™Tc-labeled ubiquicidin 29—41, for the scinti-
graphic differentiation between infection and inflammation
in animals and humans (21—30).

In the current study, the first clinical results of 99mT
UBI 29—41 scintigraphy for patients with suspected media-
stinitis are described. The most important finding of our
study is that *™Tc-UBI 29—41 scintigraphy is an accurate
method for the diagnosis of mediastinitis with a specific im-
aging agent. Moreover, adding a semiquantitative analysis
has an added value over qualitative interpretation, increas-
ing specificity and overall diagnostic accuracy. In agree-
ment with our results, previous studies demonstrated
a very high diagnostic accuracy of **™Tc-UBI 29—41 scin-
tigraphy to detect infections.

In this group of patients with predominantly cardiac
valve pathologies, **™Tc-UBI 29—41 scintigraphy was

beneficial for determining the presence of infection in 5/6
patients. Only one case of mediastinitis was missed in a
patient with CABG. A possible explanation could be that
99mTc-UBI 29—41 concentrates less at the sternal wound
infection in patients after CABG because the use of internal
mammary artery (IMA) causes postoperative sternal ische-
mia. Previous studies have shown that sternal blood supply
is almost entirely derived from the IMA and the mobiliza-
tion of this artery results in complete devascularization of
the sternum, especially with the use of double mammary
grafts (32). In addition, a lower sensitivity for wound infec-
tions has been reported by the use of only planar registra-
tions (33). Thus, the implementation of the tomographic
mode of evaluation (SPECT) can improve the image quality
(e.g., image resolution and contrast) and sensitivity may be
greater for images of °*™Tc-UBI 29—41 derived from
SPECT, especially in those patients with mediastinitis after
CABG.

This study also demonstrates that **™Tc-UBI 29—41
scintigraphy has a high specificity. Of the seven patients
without mediastinitis, 99mT. UBI 29—41 scan was negative
for all of them. Therefore, the antimicrobial peptide
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fragment *™Tc-labeled ubiquicidin 29—41 has the ability
to distinguish between sterile inflammation and mediastini-
tis with a significant positive predictive value.

Antimicrobial peptides are widely found in mammals as
part of their immune system against bacteria, fungi and vi-
ruses (27). The specific mechanism of binding between the
antimicrobial peptide and the bacteria is based on the inter-
action of the cationic domains of the peptide with the neg-
atively charged surface of the microorganism (29).
Ubiquicidin 29—41 is a fragment of the cationic antimicro-
bial peptide that, after an effective and stable **™Tc label-
ing through the amine groups of arginine and lysine, is
accumulated at sites of infection with a rapid background
clearance, minimal accumulation in nontarget tissues, and
rapid detection in animals and humans with no adverse
reactions so far (25—30).

Our clinical findings are in agreement with the clinical
human studies and there was no accumulation of *™Tc-
UBI 29—41 in patients eventually diagnosed with mediasti-
nitis but with an uneventful follow-up and negative
microbiological/fungal culture results. Because aseptic in-
flammation is the most important alternative diagnosis in
patients with a suspected mediastinitis and should be
treated in an entirely different manner, a negative **™Tc-
UBI 29—41 scintigraphy called for medical treatment and
close clinical observation, with the possible need of a later
examination or to direct diagnostic efforts to extrathoracic
foci. On the other hand, a positive 99mT. UBI 29—41 scin-
tigraphy supports the need for surgical exploration. This
may be a potential clinical use of this infection imaging
technique for patients who have undergone cardiac surgery.

Quirce et al. (33) demonstrated that, using planar and
SPECT images, leukocytes labeled with **™Tc-hexamethyl-
propylene amine oxime are a highly reliable method for the
early diagnosis of sternal infections after median sternoto-
my. In this study, SPECT images allow determination of
the depth of the infection with a better sensitivity than pla-
nar scintigraphy and, according to our results, both tech-
niques demonstrated a high specificity.

Labeled leukocyte imaging with radioactive isotopes
(""n or *™Tc) by in vivo and in vitro methods is the most
effective and reliable tool for imaging and diagnosing pa-
tients with osteomyelitis, soft tissue infections, diabetic
foot, inflammatory bowel disease and the follow-up of pa-
tients with infections of vascular or orthopedic prostheses
(34,35). However, the preparation of this radiopharmaceuti-
cal is laborious and time-consuming; handling of blood
products results in safety concerns, and there has always
been concern that infections could be missed in neutropenic
patients (11—16). Attempts have been made to directly tar-
get leukocytes by means of in vivo labeling techniques in
order to reduce the personnel safety risks of infection and
cross contamination.

Finally, it has been shown that 99mT_labeled monoclo-
nal granulocyte antibody scintigraphy may be effective in

diagnosing sternal wound infections performed with two
SPECT examinations, 4 and 24 h after injection (36). Al-
though the diagnostic accuracy in this report was high,
use of radiolabeled monoclonal antibodies sometimes in-
duced production of human antibodies, which can lead to
allergic reactions and altered pharmacokinetics when re-
peated injections are given (35). This is a major limitation
for follow-up studies. The use of antibody fragments could
overcome most of these limitations, theoretically, immuno-
genicity is lower, blood clearance is faster and accumula-
tion in inflammation is higher (37—39). However, some
studies have demonstrated that they localize in infectious
processes to a large extent by nonspecific extravasation
due to locally enhanced vascular permeability (15).

Study Limitations

The number of patients in the present study limits the power
of its findings. The results shown here seem to be promis-
ing. However, further studies with a large patient popula-
tion, using this cutoff value of “’™Tc-UBI 29—41
mediastinum uptake, will be necessary to validate these
results.

Another limitation may involve the fact that only planar
images were used. Possibly, the use of tomographic images
would allow a better separation of the mediastinum from
other thoracic structures. Although planar studies yield
good-quality images of the mediastinal region, circulating
activity of “*™Tc-UBI 29—41 at the great vessels (even at
2 h) can mimic uptake in an infected mediastinum. SPECT
images may improve the localization of radiotracer uptake
and also contribute to the achievement of a more precise
number of counts in the mediastinal region of interest and
more accurate quantitative analysis.

In conclusion,’”™Tc-labeled ubiquicidin 29—41 imaging
yielded fast and promising first results for patients with sus-
pected mediastinitis after cardiac surgery with highly spe-
cific images. The results of the present study suggest that
99MTc-UBI 29—41 mediastinum uptake could help in se-
lecting patients for surgical treatment strategies for media-
stinitis and, as such, deserve further investigation.
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