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The quality of a scanning image is determined in
part by the number of photons available to the radi-
ation detector. Before the use of generator-produced
9mTc and 13=]n (/,2), any increase in photon yield
by longer-lived radionuclides substantially increased
patient radiation exposure. Generator-produced ra-
dionuclides therefore became increasingly more im-
portant in nuclear medicine both for scanning and
dynamic studies.

The generator-produced ultrashort-lived radionu-
clides listed in Table 1 were chosen because their
mode of decay seemed to have certain advantages
in studies of the circulatory system. In such systems,
the radiopharmaceutical is infused, and after equi-
librium is reached, pharmacodynamic measurements
are made. When the study is completed, the infusion
is discontinued, and the existing circulating radio-
activity rapidly decays. Studies can be repeated at
frequent intervals if desired.

The generator system we have studied is the 137Cs-
187mBa system. The '37Cs parent decays with a half-
life of 30 years while the 13"@Ba daughter decays
with a half-life of 2.5 min. This generator system
has been used previously in biomedical research
(3-5), but never as a sustained intravenous infusion.

TABLE 1. GENERATOR-PRODUCED ULTRA-
SHORT-UVED RADIOISOTOPES WITH
POSSIBLE BIOLOGICAL APPLICATION

Primary
Radio- photon E
nuclide Tin {MeV) Parent Tin
1emg, 25 0.208 *Tm 9.6d
wm), 49 0.192 o, 16 d
1semyy 53s 0.16,0.21 e 70 d
simy, 130 0.19 “pb 47 h
T™Se 17.5s 0.16 TBr 57 h
wemag 39.2s 0.88 »cd 13y
*Rb 80.0s 0.76,1.4 gy 255d
1#mpg 26m 0.662 wigs 3 vy
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MATERIALS AND METHODS

Solutions used in this study were:

Solution A: The generator eluting solution and
eluate consisted of 0.1 N HCI, 0.1
N NH,CL. Carrier-free 137®BaCl, and
137CsC] pass into the reservoir with
the eluate.

Solution B: Sodium (EDTA) 0.005 N ethylene-

diaminetetraacetic acid mixed with a

5 N solution of NaOH.

A modified phosphate buffer system

(7) adjusted to isotonicity with phys-

iological saline at a pH of 7.38.

The generator. A 5-mCi !37Cs-13"mBa generator
was prepared by a modification of the procedure
of van Smit (6) and Blau (3). One gram of am-
monium-phospho-molybdate resin (Bio-Rad AMP-1)
was suspended in 25 ml of 0.1 N HC] and 0.1 N
NH.,CI (Solution A) before preparation of the gen-
erator.

One gram of acid-washed asbestos (Powminco)
was suspended in 100 ml of Solution A and mixed
in a Waring blender for 25 sec. The fine and coarse
fibers were removed by washing and decanting four
times with 100 ml of Solution A.

The resin and acid-washed asbestos were mixed,
and the AMP-1 that did not adhere to the asbestos
was removed. A 30-ml glass syringe (Luer-Loc tip)
was packed to the 1-ml mark with acid-washed as-
bestos and glass wool. The resin-asbestos mixture
was then added to the 6-ml mark followed by a
plug of glass wool and a Teflon retainer ring. The
resin bed was then packed to the 5-ml mark.

Five millicuries of carrier-free 137Cs was poured
over the prepared column, allowed to flow by grav-

Solution C:
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INFUSION SYSTEM

Eluting solution (0.1 N HCI, 0.1 N NH.CI)
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FIG. 1. *™Ba generator and infusion system.

ity and collected for evaluation of loading efficiency.
The column was then washed with 30 ml of Solution
A to remove any residual 137Cs that was not re-
tained during the loading procedure.

A rubber plug with an inserted needle (19G X
1% in.) was fitted into the top of the generator, and
a Teflon tube (i.d. = 3 mm) was attached to one
end of the needle. To the other end of the tube a
50-ml glass syringe was attached. The glass syringe
was filled with Solution A and placed into the proper
fittings of constant infusion pump (Harvard Infu-
sion/Withdrawal Pump, Model 600-900).

The infusion pump supplied Solution A at a rate
of 1.91 ml/min. Twenty 2-ml samples were col-
lected and analyzed for pH and isotonicity.

The reservoir system. A diagram of the glass res-
ervoir system, which serves as a reaction vessel, is
given in Fig. 1. The solutions were added continu-
ously and were mixed in the reservoir with a Teflon
magnetic stirrer and pumped through a Millipore
0.45-micron filter.

The product. The reservoir was prefilled with 100
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ml of the modified phosphate buffer system, and
Solutions A, B and C were simultaneously added at
1.91 ml/min each. Thirty 10-ml samples of the re-
sulting infusate were collected and analyzed for
137mBy yield, 17Cs contamination, pH and iso-
tonicity.

The anti-'3’Cs cartridge. To lower the 1¥7Cs con-
tamination as much as possible, a micro-ammonium-
phospo-molybdate cartridge was developed. A 14 X
1-cm cartridge was prepared according to the pro-
cedure for the generator and placed between the pri-
mary column and the reservoir.

The infusate was analyzed with and without this
micro-column for 187@Ba yield, 13’Cs contamination,
pH and isotonicity.

Constant infusion of 137™Ba-chelate into a dog.
The reservoir was prefilled with 100 ml of the modi-
fied phosphate buffer solution. A Millipore disposa-
ble filter unit (0.45-micron filter) was attached to
outlet d (Fig. 1). The reservoir was infused into a
peripheral vein of a dog’s left foreleg at a rate of
5.7 ml/min. Once the radiopharmaceutical reached
equilibrium in the dog, as determined by a stable
counting rate, a cardiac blood-pool scan was per-
formed using a rectilinear photoscanner with a 5
X 2-in NaI(Tl) crystal. A 43-hole positron colli-
mator with an upper septal thickness of 0.418 cm
and a lower septal thickness of 0.178 cm was used
because of the high gamma energy (0.662 MeV) of
137mBa, A cardiac blood-pool scan of a dog was
obtained (Fig. 2) during the constant infusion of
137mBa-EDTA.
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FIG. 2. Distribution of *™Ba-EDTA in dog during constant
infusion. Radiograph is superimposed. A is heart blood pool. B is
liver blood pool.
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RESULTS

Five millicuries of 37Cs were passed over the
prepared column and the eluate collected. All of the
added 13°Cs activity was retained on the column,
and the washing solution was free of any residual
137Cs activity.

The generator eluate was collected (25 X 10-ml
samples), and each sample was analyzed for pH and
osmolality. The pH remained constant (pH = 1),
and the osmolality ranged from 481 to 523 mos-
mols/kg (Fig. 3). Because this acidic and hyper-
tonic solution was unsatisfactory for intravenous
administration, the system was modified.

A reservoir was used where the generator eluate
was collected and mixed with a chelating compound,
an alkaline solution and an isotonic buffer solution.
The purpose of adding EDTA was to complex the
barium to maintain a constant blood level during
the study. The alkaline solution was added to adjust
the pH of the column eluate and the modified buffer
to maintain a constant pH and osmolality through-
out the infusion.

The infusate was analyzed for pH, osmolality,
137mBa yield and !*’Cs contamination over an in-
fusion period of 55 min. Twenty-five 10-ml samples
were collected for analysis. The pH and osmolality
were observed to be within the physiological range
(Fig. 3). The 1¥"=Ba yield remained at approxi-
mately 20% of generator activity per 10 ml, and
the 137Cs contamination approached a constant
value of approximately 3.5 xCi/10 ml (Fig. 4).

A method was devised to reduce the 37Cs con-
tamination without any appreciable loss in 13"@Ba
activity. A micro-ammonium-phospho-molybdate car-
tridge was developed and placed between the pri-
mary column and the reservoir. The infusate was
analyzed for !37Cs contamination (30 X S5-ml sam-
ples), and the results are shown in Fig. 5. Initially
the 13’Cs contamination was undetectable but it
slowly increased as the cartridge collected more
cesium.

DISCUSSION

137mBa-chloride, with a 2.6-min physical half-life,
has been used after a single intra-arterial injection
to obtain a high photon flux for brain-tumor scan-
ning or for blood-flow measurements (3-5). Intra-
arterial injections are inconvenient, painful and
associated with a definite, although minimal, mor-
bidity.

To obtain a high and persistent blood level of
radioactivity, a closed system was developed for the
continuous intravenous administration of 13"mBa-
EDTA (Fig. 1). A pump was used for continuous
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elution of the short-lived daughter from its long-
lived parent and for the direct infusion into the sub-
ject. In this manner, high blood levels of radioactivity
are conveniently obtained and, as soon as the de-
sired measurements are completed, the delivery is
stopped and the radiation exposure is terminated.

The original infusate contained approximately one
maximum permissible body burden of 137Cs (8) /150
ml—a value much too high for human administra-
tion. A method was devised to remove this contami-
nation. This consisted of simply placing a micro-
ammonium-phospho-molybdate cartridge between
the generator and the reservoir. There was no de-
crease in !3"™Ba yield from the intraposition of the
added ion-exchange bed. The resulting infusate was
pumped through a 0.45-micron Millipore filter yield-
ing a sterile solution suitable for human intravenous
administration.

A dog was infused for 1.5 hr, representing a total
barium dose of 2.9 X 10—% ng, which is well below
the toxic dose (9). Satisfactory definition of the
cardiac blood pool was obtained in %2 hr (Fig. 2).

In humans, using a 25-mCi generator and assum-

. ing uniform distribution and no biological excretions,
a 30-min infusion would result in a whole-body
exposure dose of 0.0976 mR (10), and 137Cs con-
tamination of less than 0.5% the maximum per-
missible body burden of 30 xCi.

SUMMARY

A prototype infusion system was successfully de-
veloped for the continuous administration of 137™Ba
directly eluted from its 37Cs parent. This same prin-
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1837mBa-EDTA INFUSION SYSTEM

ciple can be applied to a variety of long-lived-parent,
short-lived-daughter radioisotope relationships.
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