
CONCLUSION
Lymphoscintigraphy by injecting a small volume (0.4 ml) of

radiolabeled colloid (size range 200 1000 nm) can be used in
association with GDP-guided SN biopsy to provide reliable
information on the state of the axillar for staging purposes. Both
the subdermal and peritumoral colloid administration routes are
acceptable, although the subdermal route appears superior. The
technique is simple to perform, relatively inexpensive and well
accepted by patients. We hope that may be used as part of a
less-aggressive approach to breast cancer that does not compro
mise the curative intent of the treatment.
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Fluorine-18-Fluorodeoxyglucose PET Identification
of Cardiac Metastasis Arising from Uterine
Cervical Carcinoma
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Cardiac metastasis of uterine cervical carcinoma is rare. We de
scribe a patient with a past history of uterine cervical carcinoma who
presented with metastasis to the heart, lungs and distant lymph
nodes 3 yr after surgery and chemotherapy. Since the patient
complained of chest pain and demonstrated electrocardiogram
abnormalities, we performed echocardiography, electron beam CT
and MRI, which revealed a tumor in the right ventricular wall. The
tumor was assessed by 67Ga scintigraphy and 18F-fluorodeoxyglu-
cose (FDG) PET scanning. The mean differential 18F-FDG uptake

ratio of the tumor was 7.9, suggesting malignancy, which was later
confirmed by myocardial biopsy. Information about the extent of the
tumor and partial necrosis within it was provided by 18F-FDG PET.
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Although both radionuclide imaging techniques also detected met-
astatic lesions in the lungs and lymph nodes, 18F-FDGPET scanning
detected small lesions more sensitively than 67Ga scintigraphy.

Key Words: heart neoplasm; uterinecarcinoma; fluorine-18-fluoro-
deoxyglucose
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UtIterine cervical carcinoma often spreads to the vaginal
mucosa and the myometrium of the lower uterine segment (1).
Sometimes it metastasizes to distant organs such as the lung,
bone and brain (2), but metastasis to the heart is very rare
(3-6). In fact, metastatic heart tumors frequently originate from

carcinomas of the bronchus and breast, malignant melanoma,
lymphoma and leukemia (7). Heart involvement usually is
detected by pericardial effusion with cardiac tamponade, tachy-
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arrhythmias, atrioventricular block or congestive heart failure at
the advanced stage (7).

We describe a patient with a history of uterine cervical
carcinoma who presented with chest pain and electrocardio
gram (ECG) abnormalities 3 yr after surgery. PET scanning
with l8F-fluorodeoxyglucose (FDG) revealed information about

the nature and extent of mÃ©tastasesin the heart, lungs and
lymph nodes of this patient.

CASE REPORT
A 36-yr-old woman who was diagnosed as having squamous

cell carcinoma of the uterine cervix (clinical stage IB) under
went radical hysterectomy and pelvic lymphadenectomy in
April 1993. Surgery was followed by chemotherapy for 1 yr
with oral UFI, a mixture of tegafur and uracil. The patient
experienced no signs or symptoms for about 3 yr after surgery
and then in January 1996 complained of right precordal pain at
rest that increased on inspiration. A physical examination
revealed no abnormal findings except lymph nodes swollen to
10 mm in the right lower neck. An ECG showed complete
right-branch block with ST segment elevation in leads II, III, a
Vf, V, to V6 and negative T waves in leads V3 to V4. Since she
had no previous history of organic heart disease and a normal
ECG in November 1992, she was admitted to our hospital with
suspected acute myocarditis and pericarditis.

After admission, levels of serum creatine phosphokinase,
squamous cell carcinoma-related antigen and carcinoembryonic
antigen were mildly elevated, but no infectious or inflammatory
changes were detected. To examine the background of the ECG
abnormalities, we performed echocardiography, which demon
strated an echogenic mass in the right ventricular myocardium
with a small amount of pericardia! effusion and a left ventric
ular ejection fraction of 60%. To evaluate the extent and
property of the right ventricular tumor and other metastatic
lesions, we performed electron beam CT (EBT), MRI, radio-
nuclide imaging with I8F-FDG, 67Ga and 99mTc-sestamibi after
we obtained the patient's informed consent and approval from

the Institutional Review Board. At first, we scrutinized the right
ventricular tumor. Contrast-enhanced EBT revealed an enlarged
mass with soft-tissue density in the right ventricular myocar
dium (Fig. 1A). MRI also detected a mass with an intensity that
was slightly lower than that of the myocardium and showed its
invasion toward the pericardium (Fig. 1B). Fluorine-FDG PET
imaging in the fasting state showed enhanced 18F-FDG uptake

in the right ventricular tumor, except for a small part of the
tumor on the pericardia! side and in the interventricular septum
(Fig. 1C). We calculated the differential uptake ratio (DUR) on
transaxial images, based on the equation described by Scott et
al. (Â«):

(average ROI of the mass with the greatest concentration
of 18F-FDG in ju,Ci/ml) X ~ (patient weight in kg)/(in-

jected dose in mCi)
The DUR at the sites of high and negative 18F-FDG uptake in

the right ventricular tumor and of the remote normal myocar
dium were 7.19, 0.94 and 2.40, respectively. The extent of the
left ventricular myocardial damage also was assessed by 99mTc-

sestamibi SPECT imaging, which showed regional hypoperfu-
sion in the left ventricular anteroseptal and septal walls but did
not present regionally increased accumulation in the right
ventricular tumor (Fig. ID).

We next examined other metastatic lesions. Contrast-en
hanced EBT showed a swollen lymph node in the para-aortic
area and nodules measuring 9, 6 and 13 mm in diameter in right
pulmonary segments S III, S V and S VI (9). In I8F-FDG PET,

J
FIGURE 1. (A) EBT. Right ventriculartumor with soft-tissue density is slightly
less enhanced by contrast medium than normal myocardium (white arrow).
(B) MRI. It also demonstrates right ventricular tumor. Some pericardial
effusion (large arrowheads) and loss of pericardial fat (large black arrow)
suggest tumor invasion of pericardium. (C) Fluorine-18-FDG PET myocardial
scan in fasting state shows high levels of 18F-FDG accumulation in corre

sponding site to right ventricular tumor and also in interventricular septum
(small black arrow). Fluorine-18-FDG uptake was decreased in part of right
ventricular tumor (small arrowheads). (D) Technetium-99m-sestamibi myo

cardial SPECT. Mild perfusion defects are demonstrated in anteroseptal and
septal myocardial regions (double arrowheads).

18F-FDG uptake was enhanced in the lymph nodes at the

para-aorta and the right lower neck and in S III and S VI of the
right lung (Fig. 2A). Planar 67Ga imaging did not reveal

accumulation in the lymph nodes or pulmonary nodules, but it
showed abnormal uptake in the right ventricular tumor (Fig.
2B). Also, planar 99mTc-sestamibi imaging did not show accu

mulation in the lymph nodes or pulmonary nodules (Fig. 2C).
Finally, a percutaneous myocardial biopsy revealed that the

right ventricular tumor was squamous cell carcinoma of the
same type as the original resected uterine cervical carcinoma.
These findings suggested that the uterine cervical carcinoma
had metastasized to the right ventricle, the interventricular
septum and the lungs, as well as the cervical and para-aortic
lymph nodes in this patient. Since further surgery was not
indicated, she received three courses of chemotherapy with
cisplatin, mitomycin C and vincristine. This strategy reduced
the size of the right ventricular tumor and the volume of
pericardial effusion. The ECG findings became normalized, and
serum levels of squamous cell carcinoma-related antigen and
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FIGURE 2. (A) Fluorine-18-FDG whole-
body PET scan in the fasting state. Fluo-
rine-18F-FDG highly accumulated in

heart, in S3 (large black arrow) and S6
(small black arrow) regions of right lung,
lymph nodes at para-aorta (large arrow

head) and right lower neck (small arrow
head). (B) Planar 67Ga scintigraphy. Ab

normal uptake is shown in right ventricle
(white arrow) but not in lungs and lymph
nodes. (C) Technetium-99m-sestamibi

anterior planar image. No accumulation is
evident in right ventricle, lungs and lymph
nodes.

carcinoembryonic antigen also reached the normal range. The
patient has not yet been strong enough to tolerate another
'8F-FDG PET procedure.

DISCUSSION
Uterine cervical carcinoma rarely metastasizes to the heart

through lymphatic or hematogenous channels (3-6,10). Au
topsy studies have shown that the incidence of cardiac metas
tasis among patients with invasive uterine cervical carcinoma is
1.2% (11 incidents of metastasis among 922 patients) (2,11).
While intracardiac metastasis is rarely symptomatic, this patient
had abnormal ECG findings and complained of right precordal
pain.

Fluorine-18-FDG PET clearly showed that the right ventric
ular tumor was malignant, and that it had extended to the
interventricular septum. Echocardiography, EBT and MRI
could barely discern the characteristics and extent of the tumor,
although it was detected at high spatial resolution.

DUR is a useful marker with which to quantitatively distin
guish malignant from benign or inflammatory lesions on I8F-

FDG PET images (9,12,13). The reported mean DUR is
significantly higher for malignant, as opposed to benign lesions
in pulmonary nodules (6.4 Â±0.56 versus 1.14 Â±0.26) (9). Patz
et al. (12) used a DUR threshold of 2.5 to differentiate
malignant from benign tumors in the lungs. In this study, the
DUR of the region with high 18F-FDG uptake in the right

ventricular tumor was 7.19, indicating malignancy. On the other
hand, 18F-FDG PET showed that the tumor included regions
with poor IXF-FDG uptake with a DUR of 0.94. These regions
indicate tumor necrosis, because high I8F-FDG uptake gener

ally represents viable malignant tumors versus necrotic tissue or
fibrosis (14).

In addition to 18F-FDG, 67Ga is a useful tracer with which to

detect malignancy. The reported sensitivity and specificity of
IXF-FDG PET and 67Ga scintigraphy for detecting squamous

cell carcinoma in the lungs or in the head and neck are
90%-100% and 88%-96%, respectively, and 76%-91% and
71%-96%, respectively (Â¡2,13,15-18). Lymph node mÃ©tastases

of squamous cell carcinoma with a diameter of less than 10 mm
can be detected by 18F-FDG PET (73). Although 67Ga planar

and SPECT images are equally sensitive in detecting pulmonary
squamous cell carcinoma (70%-100% and 80%-100%, respec

tively), both procedures have problems in finding small lesions
(19,20). The smallest lymph node metastasis shown by 67Ga

planar and SPECT imaging is 20 mm in diameter (20,21 ). In
this study, both I8F-FDG PET and "7Ga scintigraphy detected a

t

right ventricular tumor. Small metastatic lesions with a diameter
more than 9, but not less than 6 mm, were distinguished by
18F-FDG PET, whereas 67Ga scintigraphy detected only those

larger than 20 mm. Small metastatic lesions can be found more
reliably by 18F-FDG PET than by 67Ga scintigraphy.

In this study, 99mTc-sestamibi failed to detect the right

ventricular tumor and other metastatic lesions. This radionu-
clide has been used to diagnose cancer in the lungs, thyroid,
brain, breast and bone, and the reported sensitivity for detecting
lung squamous cell carcinoma is 85% (22,23). Since the exact
mechanism of 99mTc-sestamibi accumulation in tumor cells is
not well understood (24), the negative WmTc-sestamibi uptake

in the right ventricular tumor is difficult to explain. In this
patient, Tc-sestamibi detected myocardial tissue damage of
the interventricular septum that was probably due to tumor
invasion.

CONCLUSION
We presented a rare example of a uterine cervical carcinoma

that metastasized to the heart, lymph nodes and the lungs.
Fluorine-18-FDG PET played an important role in defining a
malignant tumor, evaluating its extent and viability and detect
ing small metastatic lesions.
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PET Evaluation of Therapeutic Limb Perfusion in
Merkel's Cell Carcinoma
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Division of Nuclear Medicine and Department of Surgery, University of Pennsylvania Medical Center, Philadelphia,
Pennsylvania

An 87-yr-old woman diagnosed with recurrent Merkel's cell carci

noma was treated with therapeutic limb perfusion and underwent
PET scanning with 18F-fluorodeoxyglucose (FDG). PET studies were

obtained before and after treatment to determine the response to
the intervention. A baseline whole-body study was obtained to
assess the extent and degree of disease activity. This was followed
by a repeat PET scan 2 mo later after treatment with isolated limb
chemotherapy with high-dose melphalan and tumor necrosis fac-
tor-a. The initial scan demonstrated multiple foci of high FDG uptake
in the left calf, a left supraclavicular lesion and also detected
concurrent keratinizing squamous cell metastasis in the right axilla.
A repeat PET study showed complete metabolic resolution of the
lesions in the left calf after treatment. FDG PET may be a useful
technique for staging Merkel cell carcinoma and for assessing the
tumor response after therapy of this rare tumor.
Key Words: Merkel cell carcinoma; PET; fluorine-18-fluorodeoxy
glucose; isolated limb perfusion
J NucÃMed 1998; 39:2087-2090

IVierkel cell carcinoma is a rare neuroendocrine tumor de
rived from cells located in the basal layers of the epidermis.
This tumor is thought to be either of neural or epidermal origin
(/ ). It typically presents as violaceous nodules in sun-exposed
skin of elderly people (2). The local recurrence rate has been
estimated at 26%-44%, and nearly three-fourths of the patients
develop local nodal involvement (3). Another one-third present
distant mÃ©tastasesto the liver, bone, brain, lung or skin (4).
While most published data are supportive of wide surgical
excision of the tumor with radiotherapy, the treatment remains
controversial, and it is not clear whether removal of clinically
silent regional lymph nodes is justified (3). We report a case of
Merkel cell tumor studied with 18F-fluorodeoxyglucose (FDG)

PET before and after isolated limb perfusion (4).
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CASE REPORT
An 87-yr-old woman with a history of Merkel's cell tumor in her

left lower extremity underwent FDG PET scanning because of
possible recurrent and metastatic disease. The tumor had been
removed in 1995 with a wide excision and superficial and deep
inguinal lymph node dissection and then treated with adjuvant
radiation therapy. After this treatment, she had considerable leg
edema. She developed increased swelling in the calf and ankle with
extensive, subtle, erythematous, plaque-like lesions that became
extremely painful. Needle biopsy of these areas demonstrated
recurrent Merkel's cell tumor. Her past medical history was

significant for asthma, coronary artery disease, atrial fibrillation,
deep venous thrombosis and hypertension. At the time of admis
sion she was on diltiazem hydrochloride, hydrochlorothiazide and
theophylline. Physical examination demonstrated an edematous left
lower extremity with a diffuse area of erythematous plaques over
the prior excision site. There were no other areas of disease noted
with the exception of multiple basal skin cancers on the face,
shoulder and back.

An FDG PET scan was requested to determine the extent of the
disease within the limb as well as systemically.

MATERIALS AND METHODS
A PENN-PET scanner (5) with a resolution of 5.5 mm in all

three planes was used to perform a whole-body scan. Two hours
after the intravenous injection of 114 mCi/kg FDG, a whole-body
PET study was obtained over the chest, abdomen and entire lower
limbs. At the time of this study, rapid transmission scans using a
single, photon-emitting l37Cs source were not yet available (6).

Therefore, no transmission scan was obtained in this study to
minimize patient discomfort considering the lengthy (neck-to-toe)
emission acquisition. The final images were reconstructed with the
ordered subsets expectation maximization algorithm, according to
a previously reported technique ( 7 ). On visual interpretation, areas
of focally increased activity that did not correspond to the normal
distribution of FDG (such as kidneys, ureters, muscles, etc.) were
rated as abnormal. No quantitative measurements were used to
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