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Technetium Tc-99m, a radioac-
tive isotope of the man-made ele-
ment technetium was first discov-
ered in 1958 at Brookhaven National
Laboratory. However, the first Mo-
lybdenum Mo-99/Tc-99m generator
did not become commercially avail-
able until 1967. Molybdenum 99
(and 1-131, Xe-133, and many other
radioisotopes) is a byproduct of the
U-235 nuclear fission reaction in a
nuclear reactor.

The path from U-235 in a nuclear
reactor to Tc-99m in a nuclear medi-
cine department is long and com-
plex, and each process along the
way must be flawlessly executed
multiple times each week. The en-
tire process from U-235 fission to
patient injections of Tc-99m radio-
pharmaceuticals is accomplished in
36 to 48 hours.

The journey begins at a medical
isotope reactor located in either The
Netherlands (Mallinckrodt) or Ot-
tawa, Canada (MDS Nordion). Raw
material from the reactor, containing
a variety of radioisotopes, then trav-
els to a separate facility to be sepa-
rated and purified. Chromatography
and precipitation procedures are
used to yield Sodium Molybdate
Mo-99 . This highly radioactive solu-
tion is then packaged and readied
for transport to the United States.
International customs, limited flight
schedules, and unpredictable
weather are all obstacles in the way
of this raw material arriving at one of
two manufacturing facilities, Billerica,
MA (Bristol-Myers Squibb) and
Maryland Heights, MO
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(Mallinckrodt).

At Billerica and Maryland
Heights, the Mo-99 solution is first
diluted to a useable concentration
and then absorbed onto generators
alumina columns. The columns are
then sterilized in an autoclave. The
components of the generator and
its shielding are then assembled
under aseptic conditions. Genera-
tors are assembled behind thick
shielding using remote manipula-
tors. Each final product is tested
for proper function prior to being
released. The entire process, from
receipt of raw material to loading of
finished generators in trucks, is
accomplished in less than 24
hours.

The Mo-99 generator has a
shelf life of almost two weeks. Itis
typically received at the pharmacy
the day before it is needed via
FedEx or other courier. The first
elution of the generator is made in
the early morning hours between 1
and 3 AM. Quality control tests on
the elution include radiochemical
purity for Tc-99m pertechnetate,
radioisotope purity for Mo-99, and
chemical purity for Aluminum.

Upon successful completion of
all quality control tests, Tc-99m
pertechnetate is added to multidose
vial “kits” containing the nonradio-
active components of the radio-
pharmaceutical. Quality control
tests are also performed on each
radiopharmaceutical kit prepared.
Most radiopharmaceuticals have a
shelf-life between six and twelve
hours.
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The radiopharmaceutical is then
dispensed in patient specific unit
doses and placed in a lead shield
and delivery case for transport.
The delivery case is labeled and
made ready for shipment according
to DOT regulations. Almost all of
the radiopharmaceuticals dis-
pensed are delivered by Radio-
pharmacy personnel trained in the
transportation of radioactive pack-
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Diagnosis: Mycobacterial Infec-
tion, unspecified

Full history: 36-year old HIV-
positive man presents with persis-
tent fevers and palpable supraclavi-
cular adenopathy.

Radiopharmaceutical:
Ga-67 citrate

Findings: Whole-body planar im-
ages in anterior and posterior pro-
jections were obtained 72 hours
after the administration of Ga-67
citrate intravenously. There is
markedly increased activity in the
following lymph node regions: right
supraclavicular, right mediastinal/
paratracheal, right hilar, abdominal,
and left iliac. There is also mark-
edly increased radiopharmaceutical
uptake in the spleen. The CT study
of the abdomen demonstrates ex-
tensive, bulky lymphadenopathy in
the retroperitoneum.

Discussion: Gallium-67, which has
a physical half-life of 78 hours, is
often useful to localize inflamma-
tory lesions and some tumors. Gal-
lium-67 decays by electron capture
and has photon energies of 92,
184, 296, and 388 KeV. Gallium-67
citrate binds to transferrin, the
plasma protein responsible for iron
transport. Gallium-67 binds to lacto-
ferrin in tissues. Lactoferrin is found
in high concentrations in salivary

ages.

Once received at the nuclear
medicine department, the package
is surveyed for contamination ac-
cording to NRC or Agreement state
regulations. The individual patient
dose is then prepared for admini-
stration to the patient.

Remarkable, this process, from
reactor to patient, can take as little
as 36 to 48 hours.
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glands, lacrimal glands, the naso-
pharynx, the spleen, and bone mar-
row. Neutrophils have a high con-
centration of lactoferrin, which par-
tially accounts for gallium-67 citrate
accumulation in abscesses. The
liver metabolizes both transferrin
and lactoferrin; hence, hepatic up-
take of gallium-67 citrate is normal.

15% to 25% of the administered
dose is excreted by the kidneys
during the first 24 hours. Renal ac-
tivity on images obtained after 48
hours is abnormal. After 24 hours,
the colon is the main route of gal-
lium elimination. The colon, which
is the critical organ, receives 0.6-
0.9 rads/mCi.

Tumors with transferrin recep-
tors on their surfaces will be gal-
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lium-avid. The gallium-transferrin
complex is deposited intracellularly.
Gallium scintigraphic findings
of PCP are diffuse pulmonary up-
take distributed either heterogene-
ously or homogeneously. The sen-
sitivity and specificity of gallium-67
scintigraphy for PCP are 90% and
75%, respectively. While the posi-
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tive predictive value of abnormally
increased pulmonary uptake is only
about 60%, the negative predictive
value for PCP in a patient with nor-
mal gallium scintigraphy is greater
than 90%. Therefore, normal gal-
lium scintigraphy makes the diag-
nosis of PCP very unlikely.
Gallium-67 citrate is also accu-
mulated in other opportunistic infec-
tions in AIDS patients, including:
disseminated mycobacterium
avium-intracellulare (MAI), Candida
esophagitis, toxoplasmosis, cy-
tomegalovirus (CMV), cryptococ-
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What are the correct HCPCS and
CPT codes to use for Ceretec when
doing a white blood cell infection
study? Is there a separate HCPCS
code for the white blood cell label-
ing kit?

The 2006 CPT codes for infec-
tion or inflammation imaging are
CPT 78805 Radiopharmaceutical
localization of inflammatory proc-
ess; limited area and CPT 78806
Radiopharmaceutical localization of
inflammatory process; whole body.
Choose the appropriate CPT code
for the body area ordered, imaged
and medically necessary.

Providers should use the

56

1.The mechanism of radiopharma-
ceutical localization in lung scan-
ning is:

A. phagocytosis

B. capillary blockade

C. active transport

D. adsorption to hydroxyapatite

2. The mechanism of uptake of ra-
diopharmaceutical in liver-spleen
scanning is

A. Particulate blockade

B. Phagocytosis by the

cus, and herpes simplex infections.
Gallium-67 also accumulates in
lymphoma and uncomplicated bac-
terial pneumonias, which are both

very common in patients with AIDS.
References: 1) Sandler, et al. Diagnostic Nuclear
Medicine, 1996. Williams and Wilkins 2) Datz, et al.
Nuclear Medicine: a teaching file, 1992. Mosby Year-
book

Followup: A biopsy of the right su-
praclavicular lymph node demon-
strated an atypical mycobacterial
infection.

Major teaching point(s): While
PCP, lymphoma, and bacterial and

HCPCS level Il code that specifi-
cally describes the radiopharma-
ceutical, form and diagnostic or
therapeutic use of the products. In
the absence of a specific radiophar-
maceutical code, there are two not
otherwise classified codes for pro-
viders to use when no specific code
exists - one for diagnostic and one
for therapeutic. Therefore, for Tech-
netium Tc-99m exametazime la-
beled WBCs, we recommend
HCPCS Level Il code A4641 Radio-
pharmaceutical, diagnostic, not oth-
erwise classified. Some payers
have instructed providers to use the
2006 HCPCS Level Il code A9521

RE system

C. Hydrolysis of the colloid particles
by the hepatocytes

D.bandc

E. None of the above

3. Which of the following is NOT
suitable for thyroid imaging?

A. Tc-99m sodium pertechnetate
B. I'®® sodium iodide

C. I'®® sodium iodide

D. I™® sodium iodide

non-bacterial infections are gallium-
avid, Kaposils sarcoma is not.

Differential Diagnosis List:

The differential diagnosis for the
adenopathy seen in the chest and
abdomen in this patient with AIDS
includes lymphoma, tuberculosis,
and other mycobacterial infections
(e.g., MAI).

Images are copyright Washington Uni-
versity School of Medicine, reproduced
with permission from gamma.wustl.edu/
home.html

Technetium Tc-99m exametazime,
diagnostic to code and bill for both
labeled WBC and Ceretec for brain
imaging. As always, providers
should follow payers’ specific in-
structions for coding and billing. If a
payer does require use of the same
HCPCS Level Il code for two
clearly different forms of a radio-
pharmaceutical, we recommend
you set up two separate line items
on your charge description mas-
ters.

coding@radiopharmacy.com

4. TI-201 is a useful cardiac imag-
ing agent because of the following
properties:

A. ltis a potassium analog

B. localizes in acutely infarcted
myocardium

C. It's distributed proportional to
relative blood flow.

D. aand c only

E. All of the above, except D
service@radiopharmacy.com
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Due to fact the beta ( )
particles are much more sus-
ceptible to attenuation and,
therefore, have much shorter
ranges than photons, accurately
assaying pure -emittersin a
traditional dose calibrator pre-
sents problems not encoun-
tered with photon emitting iso-
topes (i.e. Tc-99m, TI-201, I-
131, etc). For example, one
mCi of Sm-153 or Sr-89in a
plastic syringe will not produce
the same assay result as 1 mCi
of Sm-153 or Sr-89 in a glass
vial due to the differences in at-
tenuation by plastic versus
glass. Additionally, the dose
calibrator reading of a specific
Sm-153 or Sr-89 dose will
change as the activity is moved
to different locations within the
calibrators well due to the differ-
ent distances between the dose
and the detector (geometry).
For these reasons, it is essen-

8. * *

The June 2006 edition of the
NMSS Quarterly Newsletter
from the Office of Nuclear Mate-
rial Safety and Safeguards
(NMSS) featured to the follow-
ing enforcement action relevant
to nuclear medicine.

On May 4, 2006 at Washing-
ton Hospital Center, a notice of
violation was issued for the de-
liberate failure to secure, from
unauthorized removal, and fail-
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tial to take extra care and use a
modified dose calibrator assay
procedure when measuring Sm-
153, Sr-89, or Y-90.
Radiopharmacy utilizes an
NRC-approved procedure to
ensure that the activity of doses
dispensed is accurate. Before
drawing a unit dose syringe, we
first measure the activity of the
-emitting isotope in the manu-
facturer’'s vial. We validate that
the activity reading on our dose
calibrator matches the manu-
facturers stated calibration ac-
tivity for the given date and
time. We then withdraw the vol-
ume needed to provide the ac-
tivity for the patient dose. This
volume is based on the manu-
facturers assay of the product,
which is converted to the vol-
ume needed to provide the re-
guested unit dose activity. We
then add a volume of cold sa-
line equal to the dose volume

ure to maintain constant surveil-
lance over licensed material.
The door lock to the nuclear
medicine hot lab was disabled

back to manufacturer’s vial (to
ensure that the geometry of the
radioactivity in the vial is the
same), and measure the activ-
ity remaining in the vial. The
difference between the original
vial measurement and the sec-
ond vial measurement is the
activity in the syringe. We do
not measure the activity in the
unit dose syringe due to the
variance in geometry, and dif-
ference in attenuation between
glass and plastic. The unit
dose syringe will not read the
same activity as the requested
patient dose due to the geome-
try and attenuation factors. We
use the difference in activity in
the vial because this is the most
accurate way to measure -
emitting isotopes in a dose cali-
brator.

compliance@radiopharmacy.
com

with tape, to allow ease of ac-
cess, and the hot lab was left
unattended, with the door lock
disabled.
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NOTE TO READERS: In an effort to keep the Monthly Scan relevant, useful and informative, feedback on the contents of the
newsletter is welcome. Readers desiring to contribute articles, suggestions for future articles, bulletins, website postings, and
other items of interest to the Monthly Scan readership, should contact a Pharmacist at Radiopharmacy, Inc.




