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Thallium is a metallic element in group III-A of
the periodic table.  The use of thallium-201

(Tl-201) as a myocardial perfusion imaging agent is
based on its cellular physiological similarities to
ionic potassium.(1,2) A number of studies have
described the uptake of Tl-201 by tumors, including
thymomas and invasive thymomas; thymic,(3) bron-
chogenic, brain, and bone carcinomas; Hodgkin's
and non-Hodgkin's lymphomas; breast cancer;
esophageal cancer; osteosarcomas; and most cases of
thyroid carcinomas.(4) In the literature, 70% of thy-
momas(5) are positive on post-diagnostic Tl-201 scan-
ning. We report an interesting patient who underwent
noninvasive cardiac testing, in which Tl-201

myocardial perfusion scintigraphy with the aid of
single photon emission computed tomography
(SPECT) testing led to a diagnosis of a previously
unsuspected malignant thymoma.

CASE REPORT

A 63-year-old man, with a history of hyperten-
sion and gouty arthritis for several years without reg-
ular medication control, came to our cardiovascular
outpatient department complaining of new onset of
sharp chest pain lasting one month.  The pain was
intermittent in the retrosternal area, and was associ-
ated with back radiation, right limb weakness, and
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cold sweating.  He visited our cardiovascular outpa-
tient department.  Under the impression of acute
coronary syndrome, Tl-201 myocardial perfusion
scintigraphy with the aid of single photon emission
computed tomography (SPECT) was arranged, but
he did not have a chest X-ray as routine at that time.
Stress images of Tl-201 myocardial perfusion
scintigraphy were performed 5 min after intravenous
injection of 0.143 mg/kg/min dipyridamole for 4
min, while delayed images were taken after 4 hours
of rest.  For imaging, 2 energy windows were set
over the 80- (20%) and 167-keV (20%) photopeaks
of Tl-201 by a SMV DST-XLi dual-head camera
equipped with low-energy, high-resolution, para-hole
collimators.  The SPECT acquisition was performed
using 180˚ rotational tomography, extending from
the 45˚ right anterior oblique position to the 45˚ left
posterior oblique position.  Thirty-two projections
were obtained during the 180˚ rotation, with each
being imaged for 60 s.  All projections were stored
as a 64 64, 32-bit matrix.  Ordered subset expecta-
tion maximization (OSEM) was used for image
reconstruction.  The result showed uniform myocar-
dial perfusion of the left ventricle.  Furthermore,
abnormal focal left upper mediastinal activity was
visualized on both the stress and delayed images
(Fig. 1).  Chest computed tomography demonstrated
a 6-cm, heterogeneously enhanced mass in the left
upper anterior mediastinum (Fig. 2).

The patient was referred to a chest surgeon, and
total resection of the anterior mediastinal tumor was
performed.  The tumor was severely adherent to the
pulmonary artery and aorta and had invaded the left
innominate vein.  Pathological examination revealed
a well-circumscribed tumor, focally invading the
attached fat tissue.  Microscopically, the tumor con-
sisted of clusters, sheets, or solid groups of polygo-
nal cells and had vesicular round to oval nuclei with
light eosinophilic cytoplasm and indistinct nucleoli
(Fig. 3).  The mitotic count measured up to 6 per 10
high-power fields.  The tumor was noted to involve
the vessel wall of the innominate vein.  According to
the classification of thymic epithelial tumors, the
present tumor was an invasive thymoma of the
polygonal cell type (Shimosato and Mukai, 1997).
The patient received 51 Gy of postoperative medi-
astinal radiation and recovered well.

Fig. 1 201Tl SPECT coronal images showing intense focal
uptake above the heart in the anterior mediastinum (black
arrow).

Fig. 2 CT scan demonstrating an anterior mediastinal mass
(white arrow).

Fig. 3 Tumor cells involving the vessel wall of the innomi-
nate vein (marked by Indian ink). (H&E, 40 )
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DISCUSSION 

Tl-201 uptake has been reported to occur with
various mediastinal tumors, including thymomas,
seminomas, lymphomas, and lung cancer.(1,6) Tl-201
is in the form of thallous chloride, and behaves as a
potassium analogue in the body on the basis of cellu-
lar physiology. It has been shown to be preferentially
localized(1,2) in the myocardium, and to participate in
ionic active pumping mechanisms.  Ischemic and
necrotic areas show up as cold spots on Tl-201
myocardial perfusion imaging, which may be due to
non-functioning cell membrane pump activity of cell
membranes.(7) Myocardial Tl-201 uptake is generally
accepted to reflect both blood flow and Na-K
ATPase-dependent pump activity.  Thallium uptake
by a tumor occurs rapidly in parallel with myocardial
uptake.  The similarity in tumor and myocardial Tl-
201 uptake has led researchers to hypothesize that
the mechanism of Tl-201 uptake by tumor cells is
related to a function of blood flow and the Na-K
ATPase cell membrane pump, just as for Tl-201
myocardial uptake. Tumors often have abnormal vas-
cularity, and Tl-201 may rapidly accumulate(1) in the
extracellular space due to either increased permeabil-
ity of new vessels with large intracapillary pores or
simply because of increased vascularity.  The mecha-
nism of intracellular uptake of Tl-201 by tumors may
be related to the viability and metabolic activity of
pathological cells rather than being a purely flow-
dependent process.  Venuta et al.(8) compared the
uptake of thallium in rat thyroid tumor cells to nor-
mal rat thyroid tissue, and found that transformed
cells took up thallium faster and concentrated it more
effectively than did normal cells.  Moreover, Venuta
et al. also found that faster-growing cells took up
thallium more quickly than did slowly growing ones.

Thymomas are the most common primary medi-
astinal neoplasms in adults and the most frequent
tumor of the anterior mediastinum.  Chest pain is one
of the major clinical manifestations.  Sometimes, a
small thymoma is hidden within the mediastinal
structure and can be missed by chest radiography.
Chest tomography is useful for advanced imaging
study.  The treatment of an invasive thymoma con-
fined to the mediastinum is surgical resection and
postoperative radiation.  Delayed recurrence of a thy-
moma may occur, even in patients who have com-
pletely resected lesions, and thus long-term follow

up should be emphasized.  Fukuda et al.(9) first
described the high uptake of Tl-201 in a thymoma.
Subsequently, several reports have described a simi-
lar high uptake of Tl-201.  Yuzuriha et al.(5) reported
that 70% of all thymomas, regardless of cell type, are
positive on Tl-201 scans.  The uptake of Tl-201
seems to be related to the vascularity of tumor and
can possibly serve as an index for the suitability of
supplementary chemo- and radiotherapy.  Moreover,
Tl-201 and technetium (Tc-99m) tetrofosmin uptake
can be used to detect a recurrent thymoma after
surgery and radiation.(10) Kageyama et al.(11) reported
the use of Tl-201 SPECT for detecting 2 cases of
thymic carcinoma and documented the absence of
uptake of Tl-201 by residual tissue indicating a lack
of tumor viability.  In the current case, the uptake of
Tl-201 by the thymoma was remarkable, and patho-
logical examination documented that it was the inva-
sive type.  Postoperative radiation was arranged in
order to reduce the possibility of local recurrence.
Tl-201 can be considered a tool for long-term fol-
low-up to detect local recurrence.

A few cases of unsuspected thymoma discov-
ered during Tl-201 and Tc-99m tetrofosmin SPECT
exercise stress testing have been reported.(2,6,12,13)

Initial suspicions in those cases were of coronary
artery disease, due to complaints of chest pain, and
thus heart scintigraphy was arranged for ischemic
heart study.  This illustrates that the characteristics of
chest pain of a thymoma may mimic a heart origin
and can mislead physicians into having a wrong ini-
tial impression.

In summary, the tumor-seeking property of Tl-
201 is not widely used for clinical purposes,
although it is taken up by various tumors.  A lack of
high sensitivity and specificity is the major reason.
Most reports are described as being particularly
interesting tumor cases.  We present this case of the
incidental discovery of an invasive thymoma during
Tl-201 SPECT stress testing.  The finding of extrac-
ardiac uptake led to further studies which diagnosed
a mediastinal tumor.  Tl-201 SPECT can serve as a
potential method for postoperative follow-up in this
patient.
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