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Objective: The preparation of technetium-99m-macroaggre-
gated albumin-low particle number (®**"Tc-MAA-LPN) for
lung scans of right-to-left shunt in neonates and young chil-
dren involves the reconstitution of the reagent kit with 0.9%
sodium chloride, USP, to obtain the desired low particle num-
ber before radiolabeling.

Methods: Volume effects of normal saline and ®*™Tc-pertech-
netate were studied by using 2.5 to 10.0 ml of normal saline for
reconstitution and 2.0 to 8.0 ml of ®*™Tc¢-pertechnetate for ra-
diolabeling. The effect of time lapse after reconstitution was also
studied by incubating the reconstituted kits for 5-60 min at room
temperature before radiolabeling. Labeling efficiencies of the
prepared %°"Tc-MAA-LPN were evaluated using radiochro-
matography techniques at various time points up to 30 min after
radiolabeling. The rate of *™Tc-MAA-LPN formation was cal-
culated as the association rate constant (ka) from the fitted
curves of labeling efficiencies versus time.

Resuits: The MAA labeling reaction with ®*™T¢ proceeded at
biphasic exponential rates. Both the reconstitution volume of
normal saline and the °™"Tc-pertechnetate labeling volume sig-
nificantly decreased the initial reaction rate (ka,). These results
indicate that the labeling efficiencies of ®*™Tc-MAA-LPN prep-
arations are highly dependent on the time of incubation after the
addition of *®™Tc-pertechnetate and this dependency increases
with larger volumes of prepared °™Tc-MAA-LPN. In addition,
the time between reconstitution and radiolabeling also has a
significant impact on the reaction kinetics of radiolabeling.
Conclusions: This study suggests that the optimal labeling
condition of ®*™Tc-MAA-LPN is achieved by minimizing both
the volumes of reconstitution and ™ Tc-pertechnetate radiola-
beling immediately after reconstitution and a radiolabeling incu-
bation time of 20-30 min.
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Preparation of technetium-99m-macroaggregated albumin
(**™Tc-MAA) involves the addition of a suitable radioactiv-
ity concentration of ®™Tc-pertechnetate in 0.9% sodium chlo-
ride injection, USP, to reconstitute the reagent kit which con-
tains the pretinned MAA particles. The desired dose and
number of particles per dose determine the exact volume and
radioactivity concentration of **™Tc-pertechnetate added.
Generally, the major limiting factor in the preparation proce-
dure is the number of particles that can be given to the patients.
Since the *™Tc-MAA particles localize by embolization in the
lung capillaries, the number of particles given to patients with
severe pulmonary hypertension, right-to-left cardiac shunts,
neonates and children <3 yr old needs to be minimized (1-3).

When the ™ Tc-MAA-low particle number (*™Tc-MAA-
LPN) preparation is required, a special preparation proce-
dure is often needed to achieve the required particle concen-
tration with the appropriate radioactivity (45). This is
particularly important when commercial MAA kits with high
particle numbers are used. The special preparation proce-
dure commonly involves three steps: (1) the initial addition
of 0.9% sodium chloride injection USP to reconstitute the
MAA kit before radiolabeling; (2) taking out and discarding
an appropriate volume of the reconstituted MAA solution to
reduce the number of particles in the kit, or transferring the
appropriate reconstituted volume to another vial for radio-
labeling; and (3) adding suitable volume and radioactivity of
%mTc-pertechnetate to the reconstituted MAA solution and
incubating for 5-10 min to radiolabel the MAA.

From our experience, the preparation of **™Tc-MAA-
LPN often produces inconsistent labeling efficiencies and
the required radiolabeling incubation time varies from 2 to 30
min. This may be a result of the changes of **™Tc-labeling
kinetics during the preparation procedure. Both the lower tin
concentration after reconstitution with the 0.9% sodium
chloride injection USP and the possible introduction of air
into the reaction vial would significantly affect the **™Tc-
labeling efficiency and reaction kinetics.

The goal of this study was to investigate various common
preparation conditions of **™Tc-MAA-LPN that may in-
fluence the consistency of producing acceptable labeling
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efficiency. In this study, we evaluated the following three
preparation parameters: (1} reconstitution volume of 0.9%
sodium chloride USP, (2) the time lapse between the recon-
stitution with 0.9% sodium chloride injection and radiolabel-
ing and (3) the **™Tc-pertechnetate volume used for radio-
labeling.

MATERIALS AND METHODS

In this study, the MAA kits were obtained from E.I. du
Pont de Nemours and Co. (Pulmonite®, NEN Products, No.
Billerica, MA) because they contain the lowest particle num-
ber than other commercial kits. Each Pulmonite® kit con-
tains about 3.6—6.5 million particles. In this study, the lot of
kits used contained 5 million particles (1 mg aggregated al-
bumin, 10 mg human albumin, 0.13 mg total tin and 10 mg
sodium chloride).

In the first study, normal saline volumes of 2.5, 5.0, 7.5
and 10.0 ml were added to reconstitute the MAA reagent kits
(n = 5 for each variable). Appropriate volumes (2.0, 4.0, 6.0
and 8.0 ml) of the reconstituted MAA solution were with-
drawn and discarded so that about 1 million particles (0.5, 1,
1.5 and 2.0 ml) remained in the kit. Immediately, appropriate
(2.0, 4.0, 6.0 and 8.0 ml, respectively) volumes of 50 mCi of
99mTc-pertechnetate for radiolabeling were added to give
final volumes of 2.5, 5.0, 7.5 and 10 ml of ®™Tc-MAA-LPN,
respectively. Instant thin-layer chromatographies (ITLC,
31ET Whatman paper) using acetone as the solvent were
performed immediately on the radiolabeled kits at incubation
times of 0.25, 0.5, 0.75, 1, 3, 5, 7, 10, 15 and 30 min after
radiolabeling. The strips were dried and cut in half after
development for counting in an automatic Nal(Tl) well
counter or a dose calibrator.

In the effect of time lapse after reconstitution study, the
MAA kits were reconstituted with 2.5 ml of normal saline.
Two milliliters of the reconstituted solution were discarded
and the remaining 0.5 ml was then radiolabeled with 50 mCi/2
ml ®™Tc-pertechnetate to make a final volume of 2.5 ml of
99mTc-MAA-LPN. However, the reconstituted kits were al-
lowed to incubate at room temperature for 5, 15, 30 and 60
min before radiolabeling with ®*™Tc-pertechnetate. Instant
thin-layer chromatography tests were performed in a similar
manner as described above for each kit at different times
after radiolabeling.

A control study was done by preparing a **"Tc-MAA
multidose kit in accordance with the manufacturer’s recom-
mendations (50 mCi/8 ml). The chromatography testing was
performed in a similar fashion. The results from the control
study were used for comparison purposes. Experimental
data were calculated and expressed as labeling efficiencies
(% *°™Tc-bound MAA), and the data were statistically ana-
lyzed by the ANOVA (Newman Keul’s range test at p <
0.05, SOLO BMDP Statistical Program, Los Angeles, CA).
The data of labeling efficiencies (% bound) versus time (min-
utes) were also fitted with regression analysis (RSTRIP, Mi-
croMath, Salt Lake City, UT), and the formation rate con-
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FIGURE 1. Labeling efficiencies versus incubation time of multi-
dose 2°™Tc-MAA as the controls (8 mCi/5 ml) (mean + s.d., n = 5)

stants (ka) of the radiolabeled preparations were calculated
from the half-life of the fitted curves.

RESULTS AND DISCUSSION

Changes in labeling efficiencies after radiolabeling from
the control study (**™Tc-MAA) are illustrated in Figure 1.
For simplicity, only the labeling efficiencies at 1, 3, 15 and 30
min from the other experiments are shown. Labeling effi-
ciencies from experiments using different reconstitution vol-
umes (2.5, 5, 7.5 and 10 ml) and different volumes of ™ Tc-
pertechnetate (2.0, 4.0, 6.0 and 8.0 ml) are shown in Figures
2-5.

The results show that the MAA labeling reaction pro-
ceeded at biphasic exponential rates (Fig. 1). There was an
initial phase of rapid labeling reaction within the first 3 min
and then a much slower reaction phase rate from 3 to 30 min.
Similar biphasic exponential reaction rates were observed in
all experimental conditions. Based on these observations,
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FIGURE 2. Labeling efficiencies of ®®™Tc-MAA-LPN using a 2.5-ml
reconstitution volume and 0.5 ml (1 million particles) for radiolabeling
with 9™TcO; (mean + s.d., n = 5)
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FIGURE 3. Labeling efficiencies of **™Tc-MAA-LPN using a 5.0-m!
reconstitution volume and 1.0 ml (1 million particles) for radiolabeling
with ®*™TcO, (mean + s.d., n = 5)

two reaction (association) rate constants (ka) were calcu-
lated. The first (ka,) represents the initial fast reaction rate
from 0 to 3 min and the second (ka,) represents the slower
reaction rate from 3 to 30 min (Tables 1-3).

There was a significantly greater volume effect on the
initial reaction rate than on the second reaction rate. Both
the labeling efficiencies within the first 3 min and the ka,
changed significantly as the reconstitution volume and/or the
9mTc.pertechnetate volume changed (Figs. 2-5 and Table
2). There was a corresponding decrease in the initial reaction
rate (ka,) whenever the reconstitution volume and/or **™Tc-
pertechnetate volume increased. However, the effect on the
second reaction phase (ka,, 3-30 min) was much smaller.

The ka, actually increased with an increase in the volume
of reconstitution and/or **™Tc-pertechnetate. Most labeling
reactions reached 95%-98% completion (labeling efficien-
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FIGURE 4. Labeling efficiencies of ™ Tc-MAA-LPN using a 7.5-ml
reconstitution volume and 1.5 ml (1 million particles) for radiolabeling
with ®*™TcQO; (mean = s.d., n = 5)
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FIGURE 5. Labeling efficiencies of ®*™T¢c-MAA-LPN using a 10-ml

reconstitution volume and 2.0 ml (1 million particles) for radiolabeling
with #*™TcO; (mean + s.d., n = 5)

cies) by 30 min with the exception of the final volume of
99mTc.MAA-LPN which reached 10 ml (84%-91%; Fig. 5,
Table 2). Both the reconstitution volume and the %*™Tc-
pertechnetate labeling volume had similar negative impacts
on the reaction rates.

In all these experimental conditions, only the 2.5-ml re-
constitution volume (2.0 ml discarded) with 2.0 ml of **™Tec-
pertechnetate (2.5 ml final ®™Tc-MAA-LPN volume) had a
similar ka, and ka, as the control multidose kit reaction
(Tables 1 and 2). These results indicate that the labeling
efficiencies of *™Tc-MAA-LPN preparations are highly de-
pendent on the time of incubation after the addition of **™Tc-
pertechnetate, and this dependency increases with larger
volumes of prepared *"Tc-MAA-LPN. For example, the
5.0-ml volume of **™Tc-MAA-LPN (prepared from the dif-
ferent combinations of reconstitution volumes and %°™Tc-
pertechnetate volumes) required 15 min incubation X to
achieve acceptable radiochemical purity (90%) while the
10-ml volume of ***Tc-MAA-LPN required at least 30 min.

In addition to the volume effects, the study results also
show that the time between reconstitution and radiolabeling
has a significant impact on the reaction kinetics of radiola-
beling (Fig. 6 and Table 3). The ka, significantly decreased
when the reconstitution time was longer than 5 min. The ka,
was much less affected, but was also significantly changed.
However, all labeling efficiencies reached 96% by 30 min of
radiolabeling incubation time.

TABLE 1
Rate Constants for Controls (**"Tc-MAA)*
ka, ka,
(0-3 min) (3-30 min)
137.5 (0.5) 0.15 (0.02)

*(hr~1, mean + s.d., n = 5)
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TABLE 3
Rate Constants for Incubation Time Study*

TABLE 2
Reconstitution Volume Rate Constants*
8mTeO;
volume
(mi) ka, ka,
2.5-ml reconstitution volume
2.0 137.1 (0.4) 0.10 (0.06)
4.5 74.9 (2.1) 0.15 (0.02)
7.0 51.5 (1.9) 0.40 (0.09)
9.5 40.1 2.2) 0.61 (0.25)
5-ml reconstitution volume
1.0 84.4 (1.4) 0.17 (0.14)
4.0 71.3(3.9) 0.47 (0.05)
6.5 39.7(1.1) 0.75 (0.07)
9.0 38.4 (0.5) 0.95 (0.07)
7.5-ml reconstitution volume
0.5 86.6 (0.4) 0.18 (0.09)
35 43.1 (0.6) 0.56 (0.25)
6.0 42.4 (1.6) 0.72 (0.25)
8.5 37.7 (0.4) 0.93 (0.09)
10-ml reconstruction volume
0.5 41.7 (4.7) 0.24 (0.14)
3.0 39.2 (2.9) 0.75 (0.50)
5.5 377 (2.7) 0.93 (0.26)
8.0 34.7 (3.3) 1.27 (0.33)

*hr~', mean + s.d., n = 5.

CONCLUSION

From the study results, we conclude that both the initial
reconstitution volume of normal saline and the °™Tc-
pertechnetate volume can significantly affect the *™Tc-radi-
olabeling reaction kinetics and thus the labeling efficiency of
99mTc-MAA-LPN. This means the labeling efficiency of
99mTc-MAA-LPN is highly dependent on the incubation time
of radiolabeling. Similar altered radiolabeling kinetics can
occur when the reconstitution time is prolonged before radi-
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FIGURE 6. Labeling efficiencies of ®™Tc-MAA-LPN using a 2.5-ml
reconstitution volume at different reconstitution incubation times be-
fore radiolabeling 0.5 ml (1 million particles) with 2.0 ml of **™TcO;
(mean = s.d.,, n = 5)
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Incubation time

(min) ka, ka,
0 137.1 (0.4) 0.10 (0.06)
5 65.0 (3.5) 0.25 (0.14)
15 481 (2.7) 0.44 (0.31)
30 35.6 (2.0) 0.45 (0.16)
60 26.8 (1.9) 0.57 (0.28)

*(hr~', mean + s.d., n = 5)

olabeling. These effects are probably due to the lower tin
concentration upon dilution and tin oxidation because of the
introduction of air during reconstitution. The adverse im-
pacts of lower tin concentration on **™Tc-labeling reactions
are well documented in the **™Tc-labeled radiopharmaceu-
tical literature (6,7). The radiolabeling efficiency also be-
comes more variable as the volumes of reconstitution and
99mTc-pertechnetate increase. This is evident by the increase
in the standard deviations of labeling efficiencies with higher
final volumes (7.5 ml, 10 ml) of **™Tc-MAA-LPN (Figs. 4
and 5).

The biphasic exponential reaction phenomenon is interest-
ing and may be explained by the fact that the aggregated
albumin is a large molecule and may contain two or more
different populations of functional groups (amino acid resi-
dues). These functional groups could react with **™Tc at
different reaction rates.

Based on these data, we recommend the following guide-
lines for the preparation of **™Tc-MAA-LPN:

1. Use the lowest possible reconstitution volume, and
avoid using volumes of normal saline that are greater
than 5 ml.

2. As suggested by Bolstad et al. (5), use the lowest
possible volume of **™Tc-pertechnetate for radiolabel-
ing, and avoid using volumes of **™Tc-pertechnetate
that are greater than 5 ml.

3. Allow an incubation time of about 20-30 min after
radiolabeling for the completion of the radiolabeling
reaction.

4. Perform radiochemical purity testing (ITLC) before pa-
tient administration in all possible circumstances.
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