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Abstract

In this paper, we present a case of bacterial endocarditis of the prosthetic pulmonary conduit found in a 26-year-old man. An echocar-
diography study around the pulmonary valve showed the presence of a floating mass attached to the wall of the conduit. This forma-
tion was thought to be a floating calcific leaflet of the conduit or a developed vegetation of the conduit. Due to the uncertainty of the
results, pulmonary multidetector row computed tomography (MDCT) angiography was performed. The MDCT examination showed
the presence of a floating 4 × 8-mm sized mass in the pulmonary conduit. Taking into account the patient’s complaints, medical
history data, and clinical-instrumental examination, myocardial scintigraphy with 99mTc-HMPAO-labelled autologous leukocytes
combined with CT (99mTc-HMPAO-SPECT/CT) was performed. Based on overlaying of the scintigraphic images and the MDCT aortog-
raphy scans, anatomic localization of the pathologic accumulation was found in a projection of the pulmonary valve prosthesis.
Surgical intervention, with cardiopulmonary bypass, was performed for replacement of the valve-containing conduit. Pathomor-
phologic study of the surgical material confirmed the hypothesis of bacterial endocarditis. Therefore, hybrid technologies such as
99mTc-HMPAO-SPECT/CT contribute to the earlier and more precise diagnosis of infectious endocarditis, avoiding many errors asso-
ciated with patient treatment and the development of complications.
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1. Introduction

Diagnosis of infectious endocarditis (IE) is a challeng-
ing and relevant problem of modern medicine due to its
high incidence and mortality rates (1). Indeed, according
to data of different authors, IE morbidity ranges from 1.7 to
11.6 cases per 100,000 people each year (1). As a rule, IE is
detected in only 24.2% of cases and as late as three or more
months after onset of the disease. This situation is largely
explained by the diagnostic difficulties in verifying this
pathology. The known classic signs of IE are cardiac valvu-
lopathy, bacteremia or fungemia, embolism, and autoim-
mune vasculitis (1). Due to the widespread use of antibi-
otics nowadays, not all patients present with a polymor-
phic clinical picture of endocarditis. The so-called periph-
eral symptoms (Lukin-Libman, Osler) are present in only
10-15% of patients, but are not present in 75% of patients.
Nevertheless, IE diagnosis is still based on traditional signs
with mandatory verification by diagnostic ultrasound (2).

The majority of radiological methods of study, such as
computed tomography (CT), magnetic resonance imaging

(MRI), and echocardiography have high-resolution capa-
bilities, but they are not able to detect signs of inflamma-
tion before the development of anatomical changes to the
tissues. One of the solutions to this problem may be the use
of nuclear medicine that enables evaluation of pathophys-
iological processes in affected organs and detection of the
inflammatory process at early stages of the disease. This is
achieved through the use of radiopharmaceuticals that ac-
cumulate in the area of inflammation.

2. Case Presentation

A 26-year-old man was admitted to the clinic with com-
plaints of irregular heartbeat, low-grade fever, asthenia, in-
spiratory dyspnea, feeling unwell, and rapid fatigability.

According to the patient’s history, he was diagnosed as
congenital heart disease (CHD) (tetralogy of Fallot and type
3 pulmonary atresia) at one year old by echocardiography.
For this reason, at age three, the patient underwent rad-
ical correction of CHD, which included ventricular septal
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defect closure and aortic homograft implantation in a pul-
monary position. Since age 13, the patient had complained
of palpitation and irregular heartbeat. However, follow-up
examination showed a dysfunction of the prosthesis in the
form of a worsening regurgitation and ejection pressure
gradient on the pulmonary artery up to 75 mm Hg. At age
20, the patient received conduit replacement with a valve-
containing 22 mm Hancock conduit in a pulmonary po-
sition. One year later, the patient underwent endovascu-
lar occlusion of major aortopulmonary collaterals on the
right.

The patient had the above-described complaints since
2013. During the period from 2013 to 2015, the patient
was repeatedly treated concerning pansinusitis, bronchi-
tis, and abscess-forming pneumonia. The examinations re-
vealed cytomegalovirus carrier, esophageal mycosis, hep-
atosplenomegaly, and immune deficiency signs. Repeated
blood cultures for sterility did not reveal a presence
of pathogenic bacteria, though sputum culture showed
growth of Candida albicans. In March 2015, an echocar-
diography study detected vegetation in a projection of the
pulmonary valve. At the time of admittance to the clinic,
the overall health of patient was moderately severe and
skin pallor was present. Auscultation of the lungs revealed
vesicular respiration and loud heart sounds; single ex-
trasystoles in a horizontal body position and systolic noise
over the left sternal border were auscultated. Thus, man-
agement of the patient was based on the 2015 European so-
ciety of cardiology (ESC) guidelines for the management of
infectious endocarditis.

The echocardiography study around the pulmonary
valve showed the presence of a floating mass attached to
the wall of the conduit (Figure 1). This formation was
thought to be a floating calcific leaflet of the conduit or
a developed vegetation of the conduit. Due to the un-
certainty of the results, pulmonary multidetector row CT
(MDCT) angiography was administered. The MDCT exami-
nation showed the presence of a floating mass, 48 mm in
size, in the pulmonary conduit (Figure 2).

Taking into account the patient’s complaints, medi-
cal history data, and clinical-instrumental examination
results, a myocardial scintigraphy with 99mTc-HMPAO-
labelled autologous leukocytes was performed. Radiolo-
gists were asked not only to detect the pathologic foci of
the radiopharmaceutical accumulation suggestive of the
leukocyte infiltration, but also to evaluate the topography.
In this case, an administration of MDCT without contrast
enhancement would not allow accurate determination of
the focus location due to the absence of a difference be-
tween the X-ray densities of the cardiac structures. In this
regard, contrast-enhanced pulmonary MDCT angiography
was administered, with further comparison of the images

Figure 1. A 26-year-old man with irregular heartbeat, low-grade fever, asthenia and
inspiratory dyspnea. He had history of cardiac surgeries due to tetralogy of Fallot
that received conduit replacement for prosthetic valve. Transthoracic echocardiog-
raphy shows floating mass in the pulmonary conduit (red arrows).

in two modalities. The informed consent of the patient was
obtained.

Leukocytes were labeled with 99mTc by using 99mTc-
exametazime (HMPAO, Ceretec, Nycomed Amersham), ac-
cording to the 2010 guidelines developed by the working
group of the European association of nuclear medicine (3).

The scintigraphic examination of the heart was per-
formed in SPECT mode 20 hours after the introduction of
the radiopharmaceutical on a hybrid SPECT/CT unit GE Dis-
covery NM/CT 570C (USA) with ultrafast CZT-detectors. Im-
mediately before the acquisition, a radioisotope marking
was placed on the patient’s chest to facilitate the overlap-
ping of the images. Upon completion of the acquisition,
the ECG-electrode was attached over the isotope marking
to provide a marking for CT images. There were no changes
in the patient’s body position or in the tomographic tabu-
lation height.

Analysis of scintigrams demonstrated the presence of
a high-intensity round-shaped focal accumulation of the
radiopharmaceutical in the anterior mediastinum, left
of the sternum, though precise localization of the focus
could not be determined. Based on overlaying of the
scintigraphic images and the MDCT angiography scans,
anatomic localization of the pathologic accumulation was
found in a projection of the pulmonary valve prosthesis
(Figure 3).

Based on the medical history, the results of the per-
formed examination, and the absence of an effect from
conservative treatment, the patient received the follow-
ing diagnosis: bacterial endocarditis of the pulmonary
valve conduit. Surgical intervention with cardiopul-
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Figure 2. Multislice CT-angiopulmonography; floating mass in the pulmonary conduit (arrows) (A,B).

Figure 3. 99mTc-HMPAO-Labelled leukocyte scintigraphy combined with multislice CT-aortography. Focal pathologic accumulation of 99mTc-HMPAO-leukocytes in the area
anatomically corresponding to the pulmonary valve (arrows) (A,B,C).

monary bypass was performed for replacement of the
valve-containing conduit. During the revision of the pul-
monary valve, floating masses (imaging on transthoracic
echocardiography and MDCT) were detected as a tear off
flap of valve. A pathomorphology study of the surgical
material confirmed the hypothesis of bacterial endocardi-
tis. Bacteriological examination of the prosthetic capsule
and the pulmonary valve cultures revealed the growth of
pathogenic flora (gram-negative cocci).

3. Discussion

Endocarditis of the prosthetic valve is a rare pathol-
ogy. According to data of various authors (4), after the first
surgery the frequency rates of prosthetic valve endocardi-
tis range from 1.4% to 3.1% during 12 months, from 3.2% to
5.7% during 5 years and do not exceed three cases per 1000
per year (5).

The existing modified Duke criteria, with a sensitivity
rate reaching 80%, are currently considered the gold stan-
dard for IE diagnosis (6). However, the diagnostic accuracy
of these criteria decreases significantly in the case of pros-
thetic valve IE (7). This can be explained by the absence of
big criteria that consider negative results of blood cultures
and by limited acoustic accessibility for echocardiography,
due to the artefacts from the prosthetic valve. Small crite-
ria suggestive of possible IE include fever, hemogram shift
to the left, and symptoms of heart failure, and are signifi-
cantly present more often.

One of the solutions to this problem of diagnostic in-
accuracy may be the use of nuclear medicine methods for
evaluating pathophysiologic processes, occurring in the
affected organ, and detecting inflammatory process at the
early stages of the disease. This can be achieved through
the use of radiopharmaceuticals, accumulating in the fo-
cus of the injury inflammation. In the current interna-
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tional literature, there is a lack of clinical case reports on
successful diagnosis of prosthetic valve endocarditis using
the methods of radionuclide imaging. The earliest work
was performed by Purnell et al. and published in 1990 (8).
In this work, 111 In-labelled leukocytes were used for indi-
cation; scintigraphy data were compared with data of a
pathomorphology study of the surgical material. Some-
what later, Thomson et al. (9), Yavari et al. (10) and other
authors studied the capabilities of scintigraphy with gal-
lium citrate. Despite the fact that the authors received posi-
tive results comparable with histology data independently
from each other, they note that radiopharmaceutical ap-
proaches have disadvantages such as several peaks and
long periods between the times of infusion and the first
study (at least 24 hours). It is worth mentioning that the
present clinical studies were performed in patients with
suspected bacterial endocarditis and with controversial re-
sults of clinical, laboratory, and instrumental data.

In clinical practice, 99mTc-based radiopharmaceuticals
are the most preferable because they have optimal ra-
diation characteristics. Considering this, technetium
complex-based radiopharmaceuticals, such as autologous
HMPAO-labeled leukocytes, have advantages. The method
of labelled leukocytes is widely used for detection of the
inflammatory foci of any localization, except pathology
of the spleen and liver. According to data of various au-
thors, this method demonstrates high rates of sensitiv-
ity and specificity in IE diagnosis (11). Moreover, there are
data suggesting the presence of a positive correlation be-
tween the activity of the disease and the intensity of 99mTc-
labelled leukocyte accumulation. According to the data
of Sazonova (12), 99mTc-HMPAO-labelled leukocyte scintig-
raphy used in diagnosing IE demonstrates a sensitivity rate
of 75%, a specificity rate of 90%, a diagnostic accuracy rate of
79%, a positive predictive value of 94%, and a negative pre-
dictive value of 60%.

Due to the rapid development of radiological equip-
ment, hybrid devices with the ability to overlay images
of different modalities (PET-CT, SPECT-CT, etc.) are gain-
ing ground. These technologies enable localization of the
pathologic accumulation with the radiopharmaceutical,
not only in the myocardium and surrounding tissues, but
also in any area of interest (13, 14). Overlaying the gamma
scintigraphic images with X-ray CT results is the most af-
fordable approach at the present time (15). Unfortunately,
evidence regarding the SPECT-CT system-based topical di-
agnosis of cardiac inflammatory processes is limited by a
few reports. In particular, the study of Erba et al. (16, 17)
showed a 94% sensitivity of 99mTc-HMPAO-labelled leuko-
cyte SPECT-CT for diagnosis of IE and cardiac pacemaker
infection. Kostkiewicz (18) compared the results of SPECT-
CT with data of an ultrasonic study and received positive

results. Researchers believe that administration of this
method contributes to a reduction in the number of false
results and recommend its use only in the cases when
other laboratory diagnostic test results are controversial,
similar to the clinical case presented in this study. Addi-
tionally, this method is more specific in elucidating the in-
fection foci compared with 18F-FDG PET-CT (19, 20). The 18F-
FDG PET-CT method is based on the accumulation of an ul-
trashort half-life of 18-FDG in glycolitically active cells such
as monocytes and macrophages. Taking into account these
specifics, special protocols and adherence of the patient
to a low-carbohydrate diet are required for diagnosis. On
the contrary, the HMPAO-labeled leukocyte SPECT method
is the most specific due to the mechanism of natural cell
migration to the inflammation focus.

In conclusion, use of 99mTc-HMPAO-SPECT/CT in this
case contributed to an earlier and more precise IE diagno-
sis and allowed avoidance of many errors associated with
patient treatment and the development of complications.
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