
aggregates are reported to be retained in the lung for
a long time, and therefore there are some questions
about their long-term safety (11,12).

Recently several workers have reported the prep
aration of simple kits for labeling MAA with oomTc
(13â€”16).This communication concerns the clinical
evaluation of just such a simple, one-step kit that will
be commercially available.

A search of the published literature reveals a lack
of details with regard to clinical evaluation and the
biological behavior of oomTc@MAAin patients. Much
of the published literature is in the form of abstracts.
Additional data regarding excretion and effective
half-life in the lungs in several patients with this
preparation of OamTcare also presented.

MATERIALS AND METHODS

The MAA kits* were supplied in the form of vials,
each containing 0. 13 mg stannous chloride, 1.5 mg
heat denatured human serum albumin, and 10 mg
normal human serum albumin. The labeling of
DOmTc.@M@was performed by injecting 3 ml of
sterile sodium pertechnetate (oomTcO4 ) solution
slowly into the vial and then shaking gently by hand
for 3â€”5mm with the vial in a lead container. Label
ing efficiency was determined by ascending paper
chromatography using Whatman No. 1 paper and
85% methanol. The size of the particles was de

termined microscopically using a hemocytometer.
Forty-five patients who were referred to the Nuclear
Medicine Department for lung scanning were in
jected with 2â€”3mCi of oomTc@MAA(0.1â€”0.5ml)
intravenously in the supine position. The total num
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For reprints contact: Ramesh Chandra, New York Uni

versity Medical Center, 560 First Ave., New York, N.Y.
10016.

a Macrotec, courtesy of E. R. Squibb & Sons, Inc., Prince
ton, New Jersey.

A commercially available kit for the prepara
tion of ssmTc.MAA for lung scanning has been
evaluated in 45 patients. The effective half-life
in the lungs of this preparation was found to
be 236Â± 30 mm in seven patients. The radi
ation dose/mCi to the lungs, liver, and kidneys
is estimated to be 0.28, 0.08, and 0.16 rad,
respectively, from the biological data obtained

on seven patients. The preparation is very
simple, and the use of ssmTc.MAA instead of
â€˜311.MAAhas resulted in improvement of image
quality and reduction of the time of study as
well as radiation dose to the patient.

Lung scanning that uses 1311-labeledmacroaggre
gated human serum albumin (1811-MAA) was mi
tially introduced by Taplin, et al (1 ) and Wagner,
et al (2) . This procedure has since become a recog

nized diagnostic aid in certain pulmonary diseases.
The most common radiopharmaceutical used for this
purpose still remains 1311-MAA.Because of the high
patient radiation dose and the relatively high gamma
ray energy of this agent, a search by several workers
(3â€”6) for a better radiopharmaceutical has led to
the successful development of @@mTc@MAA.Techne
tium-99m possesses desirable properties for in vivo
imaging, e.g., a 6-hr half-life, a single 140-keV
gamma-ray emission, and ready availability. The
published labeling techniques (3â€”6) are relatively
complex. They usually require the services of a
radiopharmacist and are not practical for routine use
in the great majority of nuclear medicine facilities.

Indium-i 13m-labeled Fe(OH)3 macroaggregates
(7,8) and oomTc@Fe(OH)2(9,10) have also been
used for lung scanning. These radiopharmaceuticals
possess similar advantages over 1311-MAAas 99mTc@
MAA. Even though the preparation techniques are
simpler for these radiopharmaceuticals, these macro
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ber of MAA particles is estimated to be between
60,000 and 300,000 per injected dose. An Anger
camera with a medium-energy diverging collimator
was used for imaging. Four viewsâ€”anterior, pos
terior, and right and left lateralsâ€”were obtained in
most instances. A total of 200,000 counts per view
was collected. In addition, on seven patients data
were also collected by counting with an external
probe over the lungs, liver, and kidneys at various
time intervals postinjection for up to 3 days. From
these patients urine was also collected for three suc
cessive 24-hr periods following injection of the radio
pharmaceutical. Blood activity was measured at 15
min, 4 hr, and 24 hr postinjections. In all patients,
temperature, pulse, and respirations were monitored
before the start of the procedure and then 1, 8, 16,
and 24 hr after injection. The patients were also
closely observed for any evidence of side effects dur
ing this 24-hr period.

RESULTS AND DISCUSSION

Microscopic examination of oomTc@MAArevealed
that most of the particles (over 90% ) ranged in
size between 15 and 75 microns. On two occasions,
larger particles (up to 250 microns) were also ob
served. Further gentle agitation for about 3 mm
was quite effective in eliminating these oversized
particles. The O9mTc..MAApreparations contained
approximately 500,000 macroaggregates per ml. The
specific activity of the preparations varied between
2 and 6 mCi/mg of human serum albumin, depend
ing upon the specific activity of oomTcO4 used.
The labeling efficiency of @l)mTcto MAA was found
to be greater than 90% for the more than 15 prepa
rations tested.

Results of external counting over the lungs are
shown in Fig. 1. These represent the averages of
seven patients. The data can be fitted into a single
exponential with an effective half-life of 236 Â±30
min. The biological half-life of MAA in the lungs
using the above effective half-life works out to be
11.5 Â±4 hr. This value is slightly higher than that
determined by DeLand (17) using 1311-MAA (9
hr) . As monitored with an external probe, the
accumulation of radioactivity in the liver and kid
neys is shown in Fig. 2. The data in these curves
(average values in the same seven patients) have
been corrected for physical decay. The accumulation
in the liver and kidneys of various breakdown prod
ucts of OOmTc..M@ approaches a broad maximum
at about 20 and 10 hr, respectively. These findings
are compatible with those of 1311-MAAand support
the view that macroaggregated albumin particles are
broken down into microaggregated albumin particles
and free technetium. The microaggregates are largely
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FIG. 1. Countsper minute(cpm)overlungsas functionof
time. Data were obtained with NaI(Tl) detector placed over lungs
and are averages of seven patients without any correction of
physical decay.

removed by the liver. Some of the free technetium is
excreted and some appears to be taken up by the
kidneys. Kidney uptake is supported by our counting
data as well as by visualization of the kidney after
3 hr in patients who were specially imaged to show
this. It is worth noting that the breakdown products
of 1311-MAAare not taken up in the kidneys. Urinary
excretion data in these patients are shown in Fig. 3.
Only 50â€”60%of the injected dose was found to be
excreted in 72 hr. This is consistent with the long
biological half-life of the decay products observed
in the kidneys and liver (Fig. 2) . The radioactivity
detected in the blood at 15 mm, 4, and 24 hr did
not reveal much variation and was always less than
0.015% of the injected dose per 100 ml of blood.
The 24 hr activity (counts/ml) ranged between Â½
and Â½of the 4-hr value.

Using the above data, our estimates for the radia
tion dose to the lungs, kidneys, and liver are 0.28,
0. 16, and 0.08 rad/mCi of oomTc@MAA, respectively.
The estimated doses to the lungs, liver, and kidneys
were obtained by using the absorbed fraction method
as outlined in MIRD Pamphlet No. 1. The cumulated
concentration in the lungs was obtained from the
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tive and biological half-lives of Â°Â°mTc-MAAin the
lungs, respectively, and T112phy. is the half-life of
99mTc The derivation of these equations is straight
forward.

As anticipated, the quality of images obtained in
a given time with this material was felt to be superior
to that of images obtained with 1311-MAAand essen
tially comparable to those obtained with 99mTc@mi@
crospheres. In some of the earlier scans a distinct
blotchiness was evident, particularly on the lateral
projection; this is presumed to have been due to the
presence of extra large particles in the preparation

as described above. It was not noticeable when extra
care was taken to agitate the vials sufficiently. The
time taken to accumulate 200,000 counts for each
view was in the range of 2â€”3mm. This represents a
significant saving in time per patient examination

I Liver when compared to 1311-MAA in which each view

0 Kidney (30,000 counts) takes roughly 10â€”12 mm. Improved

sensitivity should be obtainable with the low-energy

divergent collimators that are expected to be com
mercially available. This might make it feasible to
obtain images free of respiration artifacts.

In none of the 50 patients was there evidence of
significant change in temperature, pulse, or respira
tory rate; indeed, there were no detected clinical
symptoms or signs attributable to the 99mTc@MAA
preparation during the 24 hr of close observation fol
lowing injection. Subacute toxicity studies in dogs
showed no evidence of pathological changes in the
lungs, liver, or kidneys (18) . The MAA part of the
preparation is essentially the same as that used in

average effective half-life given in Fig. 1. The cumu
lated concentration in the liver and kidneys was
obtained by assuming that the breakdown products
of oomTc@MAAwere rapidly taken up by the liver or
kidneys, or were excreted. This assumption is sup
ported by the observation that the amount of the
radioactivity in the blood is small at all times. The
respective fractions of liver and kidney uptakes, and
excretion were estimated to be 0.5, 0.3, and 0.2,
respectively, on the basis of our external counting
data and the distribution data in rats (18) . The
cumulated activity in liver and kidneys is then cal
culated by

A liver = 0.5 Ro X 1.44 X
T112eff lungs x T112phy.

T112bio. lung

A kidney = 0.3 Ro X 1.44 X
T112eff lungs x T112phy.

T112bio. lung

where Ro is the initial activity in the lungs (1,000
XCi), T112eff. lung and T112bio. lungsare the effec
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F1G.2. Countsperminute(cpm)overliverandkidneysasfunc
tion of time. Data were obtained with Nal(TI) detector placed over
liver and kidneys, respectively, and are averages of same seven
patients. Data in this case have been corrected for physical decay.
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FIG. 3. Averageurinary excretionof @mTcfor three successive
24.hr periods in seven patients.
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â€˜311-MAA;Taplin, et al (19) reported finding no
evidence of immunological reactions to 1811-MAA.

CONCLUSION

The predictable advantages of using oomTc@labeled
particles (as opposed to 1311)for lung scanning have
been described by others. This study confirms the
advantages from the point of view of patient radia
tion dose, time required per examination, and the
quality of the resultant image. Unfortunately, the
difficulties in the adequate preparation of such la
beled particles have limited their use. With this type
of kit, O9mTc..MAAparticles may be prepared quickly
and simply, and no extra equipment of any kind is
required. This should bring the capability of using

O9mTcin lung scanning to most facilities.
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