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We present methodologies for preparing pediatric doses of 
Tc-99m MAA from commercial kits and discuss them by illus
trative example calculation. 

The use of Tc-99m labeled macroaggregated albumin 
(Tc-99m MAA) and human albumin microspheres (Tc-
99m HAM) for lung perfusion and other studies is well 
known (1-3). The potential consequences of too many 
or too few administered particles per study have been in
vestigated and discussed in both normal and disease states 
(4,5). Webster eta!. (6) have reviewed the diagnostic use 
of Tc-99m MAA in pediatrics as well as methodologies for 
determining the desired quantity of radioactivity to ad
minister to infants and children. Heyman (7) and Davis 
and Taube (8) have addressed the toxicity and safety fac
tors associated with lung perfusion studies using radio
labeled particles, specifically in regard to pediatric doses. 
They have suggested splitting vials ofTc-99m MAA while 
preparing doses of 17,000 and 21,000 particles, respec
tively, for the newborn. 

Once the desired number of albumin particles to ad
minister for a study is chosen, package insert directions 
for preparing the radiopharmaceutical for infants and 
children in a reasonable volume of administration are not 
provided. It has been suggested (9) that the optimal num
ber of particles to administer to the adult is in the range 
of 100,000-150,000 particles. For the newborn, the num
ber should not exceed 50,000 particles. The one-year-old 
infant should not receive more than 165,000 particles if 
500,000 particles are regarded as safe for the adult (7,8). 

We describe four possible methods for preparing Tc-
99m MAA. However, three of these four methods are un
acceptable for preparing a pediatric lung perfusion dose 
because of unattainable specific activities (radioactivity I 
particle); volume limitations; and lack of package insert 
directions. 
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A recommendable procedure (method 1), which is uti
lized at our institution, is described in detail. 

Materials and Methods 

Method 1: Prepare a vial of MAA using sterile, bacteri
ostat-free normal saline eluant. Withdraw and discard 
those particles of M AA that are in excess and not required. 
Add an appropriate quantity (radioactivity) and volume 
of pertechnetate stock solution, and saline to meet the cri
teria established for the final patient preparation. 

Method 2: Dilute the radioactivity concentration (RAC, 
mCi/ ml) of the sodium pertechnetate stock solution so 
that the specific activity chosen for the clinical study to 
be performed (mCi/ mg or mCi/ particle) will be obtained 
in the final product. This procedure erroneously assumes 
that the desired number of particles will be withdrawn with 
the desired quantity of radioactivity. This is assumed to be 
accomplished by using a small volume of high RAC stock 
solution, adding it to a vial of sterile normal saline 
eluant, and withdrawing an appropriate volume that can 
then be added to the vial of MAA. 

Method 3: An alternative to method 2 is to add a small 
amount of the high RAC pertechnetate to the vial of MAA 
for labeling, and then diluting the labeled material with 
saline eluant. 

Method 4: Simply add the Tc-99m pertechnetate to the 
MAA vial and take an appropriate aliquot in terms of ra
dioactivity. This method, like method 2, erroneously as
sumes the correct number of particles will be removed with 
the appropriate radioactivity. Additionally, it erroneous
ly assumes a measurable volume (10). 

Results and Discussion 

Let us prepare a dose of Tc-99m MAA for an infant or 
small child. We decided for this example that the dose 
should be in the 0.75- to 1.0-mCi range and the radioac-
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tivity should be associated with between 10,000 to 15,000 
particles. 

The macroaggregated albumin product (Pulmolite®) 
contains 3.6 x 1()6 to 6.5 x 1()6 particles/vial. The RAC of 
the pertechnetate stock solution at 8 a.m. is 36.0 mCij ml. 
The dose is to be administered at 2 p.m. 

Method 1: 
a) Add 5 ml of normal saline eluant to a new vial of 

Pulmolite and shake gently until suspended. 
This step simply dilutes the albumin to attain a 
sufficient working volume. 

b) Remove 4.6 ml of MAA in saline and discard, leav
ing 0.4 ml in the vial (5 million particles in 5 ml is 
equivalent to 400,000 particles in 0.4 ml). 

Our goal is to be able to dilute the MAA particles 
left in the vial to a concentration of about 100,000 
particles or less per ml. The total volume of the 
MAA vial must be kept in mind. 

c) Add 27.0 mCi of pertechnetate to the 400,000 par
ticles in 0.4 ml at 2 p.m. Add sufficient saline eluate 
solution to make 4.0 ml. 

Thus: MAA (0.4 ml) + pertechnetate (1.5 ml) + 

saline (2.1 ml) = 4.0 mi. 

The reciprocal specific activity (particles/ mCi) 
is the determining factor in deciding how much 

pertechnetate to add. In this case: 

400,000 particles 
-------14,815. 

27mCi 

d) Calculate the volume to be administered: 

27mCi 1 mCi. 
---= 

4ml xml 

x = 0.15 mi. 

Therefore, at 2 p.m. each 0.15 ml will contain 1 
mCi, which is associated with 14,815 particles. 

The essential elements to be kept in mind are: 

D Although we assumed an approximate mean value 
of 5 million particles per vial, the range is 3.6 to 6.5 
million particles/vial so that we may be in error by as 
much as 30%, high or low. 

D When the final patient dose is drawn from the vial, the 
volume must be large enough to be measured accu
rately. In a small volume dose, an error in measurement 
represents a greater percentage of error than the same 
error in measurement would be in a larger volume 
dose. Also, if the syringe is not flushed, a considerable 
volume of the dose might be trapped in the needle (10). 
Additionally, care should be taken to prevent clotting 
in the syringe so that artifactual hot spots in the lung 
can be avoided. 

D If the number of particles/ ml of the final preparation 
is less than 100,000, then for a dose of about 15,000 
particles, a reasonable volume with associated ra-
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dioactivity can be drawn in a relatively accurate fash
ion (confirmed by measurement in the dose calibrator). 

D The amount of radioactivity to be added to the vial 
can be calculated by examining the reciprocal of the 
specific activity expressed as particles/ mCi. 

In this case, given a range of 10,000-15,000 particles, 
40.0 to 26.6 mCi is required. 

Method 2: 
Despite the fact that the RAC or total amount of activity 

to be added would be suitable, the reciprocal specific 
activity would not meet our criteria. This is because the 
particles/ ml (concentration) could not be diluted enough 
within the vial provided. The final dose volume to be with
drawn must also be measurable. 

Hence, to withdraw a dose greater than 0.1 ml and con
taining 10,000 particles in 0.1 ml would require a vial 
volume of 50 ml (5,000,000 particles/ 10,000 particles in 
0.1 ml = 50 ml); this is clearly not possible within the vial 
provided. 

The transfer of M AA from one vial to another can cause 
problems because tin-reduced kits are normally packed 
under nitrogen to decrease the possiblity of oxidation. 
We recommend that reagents not be transferred from the 
original vial to another unless we know some of the char
acteristics of the receiving vial such as the composition 
of the glass and seal including the septum. 

Method 3: 
The problems associated with method 3 are similar to 

method 2 except that in this case the pertechnetate solu
tion is diluted in the reaction vial. The cold MAA cannot 
be diluted enough within the vial provided. 

Method 4: 
This method represents the worst possible case of meth

ods 2and 3. Suppose 25 mCiin l.Omlofpertechnetatewas 
added to the vial (8-ml capacity) containing 5 x 106 par
ticles. Then a 1.0-mCi dose would represent 200,000 par
ticles and be present in a clearly unacceptable 0.04-ml 
volume. The preparation of an adult dose according to the 
package insert calls for dilution to an 8-ml volume. The 
pediatric dose would require even more dilution. For 
example, the dilution of 5 x 106 particles in 8 mlleaves 
625,000 particles/ 1 ml, so that, regardless of the activity 
added, the number of particles desired for a minimally 
acceptable volume will always be exceeded. 

Conclusion 

In all cases, the individual preparing a patient dose 
should attempt to adhere as closely as possible to the man
ufacturer's package insert directions or authorized proce

dures. In this case there is no authorized manufacturer's 
procedure for preparing a pediatric dose. Additionally, the 
legal ramifications of preparing a product not in accord
ance with package insert directions must be considered in 
light of one's own professional credentials. However, cer-
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tain circumstances do arise, such as this one, that require 
deviation. Before deviating, caution is always advised. 
In our case, for example using method l, when the excess 
particles are discarded, so is a proportionate quantity of 
the tin that was originally available to reduce the per
technetate. The consequence of too little stannous ion, 
should it occur, would likely be excess free pertechnetate, 
partially reduced forms of pertechnetate, or partially 
oxidized forms of Tc-99m MAA. We always perform 
chromatography on the end product prescription and 
discard the unused material to prophylactically prevent 
its usage in an adult patient. When prediluting the lung 
agent in order to achieve a reduced particle count, bac
teriostat-free normal saline eluant rather than normal 
saline should be used. This concern stems from the fact 
that the use of normal saline does not take into account the 
varying redox potential of diluents of different origin and 
the varying levels of divalent tin that might be occurring 
on a lot-to-lot or an agent-to-agent basis (11). 
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