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Value of FDG-PET/CT using unfractionated
heparin for managing primary cardiac
lymphoma and several key findings
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Case Report. A 66-year-old woman, who had
history of surgical resection of tongue cancer and
implantation of a pacemaker for sick sinus syndrome,
complained of a recurring fever and dry cough for
2 months. Because the origin of the fever was not clear
and because of a high inflammatory reaction with a
white blood cell count of 12650/uL. and a C-reactive
protein (CRP) of 20.3 mg/dL, she was referred to our
hospital for further examination.

Contrast enhanced computed tomography (CECT)
was first performed to investigate the focus of the fever.
CECT showed irregular thickness with heterogeneous
contrast enhancement of the left atrium and the ventricle
wall. Lymph node swelling at the mediastinal and
paraaortic region was also seen continuous to the lesion
in the left ventricle wall (Figure 1). Since the CECT was
performed without ECG gating or dynamic contrast
enhancement, evaluation of the coronary arteries was
not adequate, even though the proximal left coronary
artery (LCA) appeared to pass through the thickened
wall.

Coronary angiography showed no evidence of vas-
cular infiltration in a coronary artery, but abnormal
vascularization presenting as a feeding artery to the
cardiac mass was confirmed in the LCA (Figure 2).
A trans-catheter biopsy of the cardiac tumor was
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performed at the same time, but the biopsy specimen did
not indicate pathological malignancy.

Both transthoracic echocardiography (TTE) and
transesophageal echocardiography (TEE) revealed a
2.5 x 5.5 cm low echoic lesion along the cardiac wall
from the left atrium to ventricle. Left ventricular func-
tion was good with an ejection fraction of 60.4%.

Ga-67 scintigraphy showed abnormal uptake at the
mediastinum and weak uptake in the left ventricle wall
(Figure 3). Dual imaging with TI-201 and iodine-123
beta-methyl-iodophenyl-pentadecanoic acid ('**I-BMIPP)
revealed no evidence of myocardial ischemia. In addition,
abnormal uptake as an indication of cardiac tumor was not
confirmed in this case (Figure 4).

['®F]-2-fluoro-2-deoxyglucose positron emission
tomography/computed tomography (FDG-PET/CT) was
performed using intravenous contrast agent to define the
structure of the cardiac wall (Figure 5). FDG-PET/CT
showed high FDG accumulation in the heart and medi-
astinum. FDG was diffusely accumulated in the cardiac
wall, and appeared to spread over the thickened left
atrium to the ventricle wall, as defined in CECT. The
FDG-avid area extended to the mediastinal and paraa-
oric region, and was suspected to be the invasive lesion
from the cardiac tumor. In addition, the FDG-avid area
was much more extensive than the area of abnormal
uptake on Ga-67 scintigraphy, especially for a cardiac
lesion.

Finally, according to the World Health Organization
classification, PCL with DLBCL was pathologically
diagnosed by a specimen obtained from the open chest
biopsy. A second FDG-PET/CT examination was then
performed for restaging the malignant lymphoma (ML).
In this examination, 4000 units of unfractionated heparin
was intravenously administered 15 minutes before FDG
administration. High physiological FDG uptake in the
myocardium often interferes with evaluation of cardiac
lesions. Pre-loaded unfractionated heparin suppressed
FDG accumulation in the cardiac wall, so FDG accu-
mulation at the cardiac lesion could be clearly defined.
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Figure 1. Transaxial images of contrast enhanced computed tomography (CECT). CECT revealed
irregular thickness with heterogeneous contrast enhancement in the left atrium to the ventricle wall
(arrow head). The lesion invaded the mediastinum (arrow).

o,

Figure 2. Image of left coronary artery by coronary angiography. A Right anterior oblique (RAO)
views, B left cranial view. The left coronary artery had no evidence of infiltration by cardiac lesion,
but abnormal vascularization presenting as a feeding artery to the cardiac mass was confirmed in

the LCA (arrow).

The extra FDG uptake was seen in the thickened lateral
wall of the left ventricle and in the mediastinal and
paraaortic region. Moreover, an FDG-avid area was
clearly confirmed in the base of the septal wall, indi-
cating an invasive lesion. In contrast, FDG accumulation
in the cardiac wall, excepting the thickened lateral wall,
was clearly suppressed (Figure 6).

In the second FDG-PET/CT scan, ML was con-
firmed to be localized in a part of the cardiac wall and
the mediastinal and paraaortic region. After this scan, R-
CHOP therapy was started. After 4 cycles of R-CHOP
therapy, FDG-PET/CT was repeated to evaluate the
therapeutic effect. In this examination, 4000 units of
unfractionated heparin was intravenously administered
15 minutes before FDG administration. FDG-PET/CT
showed disappearance of abnormal FDG uptake in the
left cardiac ventricle wall, and the mediastinum and

paraaortic region (Figure 7). Radiation therapy with
30 Gy was added after the 6 cycles of R-CHOP therapy.
Complete remission was present 52 months later.

Discussion. We presented the utility of FDG-
PET/CT using unfractionated heparin for managing
PCL, and some characteristic findings from several
imaging modalities. Malignant cardiac tumors mostly
consist of metastatic lesions, with primary cardiac
tumors accounting for only 5% of all tumors in the
heart." The majority of malignant primary cardiac
tumors are sarcomas including angiosarcomas, osteo-
sarcomas, leiomyosarcomas, and rabdomyosarcomas. In
contrast, PCL is a rare tumor which accounts for only
5% of primary cardiac tumors.”

Typical symptoms of PCL are dyspnea, arrhythmia,
chest pain, and heart failure. However, PCL presents
with various symptoms which depend on the disease
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Figure 3. ®’Ga scintigraphy images A planar image, B coronal single photon emission computed
tomography (SPECT) image, C transaxial SPECT image. ®’Ga-image showed abnormal focal
uptake in the mediastinum. This is not specific for a lesion in the cardiac wall, as confirmed in the
contrast enhanced computed tomography image.
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Figure 4. Dual imaging with T1-201 and iodine-123 beta-methyl-iodophenyl-pentadecanoic acid
(**’I-BMIPP) showed no evidence of myocardial ischemia. In addition, no abnormal uptake
indicating a cardiac tumor was seen.
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site.”* Pathological PCL is mainly DLBCL, and thus, Echocardiography has been the most common
CHOP, R-CHOP and radiation therapy have a great modality used to identify cardiac tumors, including PCL.
potential to lead to a good prognosis.” PCL has estab- Since TTE provides only a moderate sensitivity for
lished treatment, but several types of cardiac sarcomas cardiac tumor detection,® TEE has been recommended
have no definitive treatment regimens excepting com- for evaluation of cardiac masses due to high sensitivity
plete resection.” Therefore, the diagnostic accuracy for and distinctive images.” In the present case, TEE clearly

assessing PCL is crucial. visualized the cardiac tumor as a hypoechoic area.
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Figure 5. FDG-PET/CT image (without heparin administra-
tion). A Maximum intensity projection image of PET, B PET
portion of the PET/CT, C CT portion of PET/CT, D PET-CT
fused image. FDG-PET/CT showed FDG avidity in the heart
and mediastinum. The FDG-avid area was wider than extent of
uptake on Ga-67 scintigraphy, especially for the cardiac lesion.

Figure 6. FDG-PET/CT image for restaging (combined hep-
arin administration). A Maximum intensity projection image of
PET, B PET portion of the PET/CT, C CT portion of PET/CT,
D PET-CT fused image. FDG uptake was confirmed in the
thickened lateral wall of the left ventricle and in the
mediastinal and paraaortic regions. In addition, a lesion with
FDG uptake was seen in base of septal wall (arrow). In
contrast, FDG accumulation for normal cardiac wall was
clearly suppressed (arrow head).
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Figure 7. FDG-PET/CT image for the evaluation of thera-
peutic response (combined heparin administration). A
Maximum intensity projection image of PET, B PET portion
of the PET/CT, C CT portion of PET/CT, D PET-CT fused
image. The abnormal FDG uptake in the left cardiac ventricle
wall disappeared. Physiological FDG accumulation in cardiac
wall was suppressed in this examination as same as previous
FDG-PET/CT scan (arrow head).

However, TEE is invasive, and drawbacks include a
narrow field of view.

Recently, several reports have showed the utility of
CT and magnetic resonance imaging (MRI) for identi-
fying PCL.* MRI contributes to tissue characterization
of cardiac tumors.’ Unfortunately, MRI was contrain-
dicated due to implantation of a pacemaker in the
present case.

Cardiac angiography showed no evidence of ML
infiltration to a coronary artery, even though it was
encased by a cardiac tumor. However, because the CT
coronary angiogram showed no vascular infiltration in
cardiac liposarcoma, this finding might be characteristic
but not distinctive for PCL.'° Typical symptoms in PCL
are chest pain from possible coronary spasm. Assess-
ment of myocardial perfusion and metabolic damage by
2017)/'23[_.BMIPP dual single photon emission computed
tomography (SPECT) myocardial imaging might help to
confirm the myocardial status in PCL patients.

201y 99mTe gestamibi and Ga-SPECT have been
reported to show positive uptake in PCL.'' Recently,
several reports have shown FDG-PET/CT imaging of
pPCL 1213

The critical role of FDG-PET and PET/CT for ML
has been widely reported.'* Given the frequency of
infiltration in ML, whole body inspection is needed for
PCL patients to evaluate the extent of the lesion. FDG-
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PET/CT has the greatest potential for assessing PCL
patients due to a higher diagnostic accuracy than CT and
Ga-67 scintigraphy.'>'®

Physiologic accumulation of FDG in the cardiac
wall usually interferes with evaluation of cardiac
lesions. Ishimaru et al. reported the significant role of
heparin administration before FDG injection for the
detection of cardiac sarcoidosis.'” Heparin causes the
release of free fatty acids into the circulation, and it
works to reduce physiological FDG uptake of myocar-
dium."®' In this case, heparin administration assisted
FDG-PET/CT imaging for confirming the precise area of
PCL, including the lesion in the septal wall. Heparin
administration prior to FDG improved the assessment of
the location and extent of the cardiac tumor. However,
focal FDG uptake in cardiac wall is not particular to
PCL even if it is clearly identified by heparin adminis-
tration. The different diagnosis such as sarcoidosis and
angiosarcoma were considered as principal different
diagnoses.

PCL is generally diagnosed by biopsy. Since
FDG-PET/CT contributes to detection of extra-cardiac
lesions, it can potentially be an indicator of suitable
biopsy sites for diagnosis.”” Moreover, an extra-cardiac
lesion suggested by FDG-PET/CT may enable diag-
nostic biopsy more safely and easily than a direct biopsy
of a cardiac tumor. Even in the case of cardiac metas-
tasis, which is a probable cause of a cardiac mass,
FDG-PET/CT may be helpful for detection of the pri-
mary site.

FDG-PET/CT 1is useful for monitoring the thera-
peutic response of ML.?! In the present case, heparin
preloading prior to FDG-PET/CT was helpful for car-
diac imaging and assessment of the therapeutic response
for PCL.

In conclusion, PCL is a rare tumor, but it has an
effective treatment so an immediate diagnosis for sub-
sequent appropriate treatment is optimal. FDG-PET/CT
using unfractionated heparin contributes to the early
diagnosis of this tumor, documentation of the extent of
the lesion, and evaluation of the therapeutic response to
treatment.
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