
studies, particularly when used with the high-speed mul
tiwire gamma camera. The advantages of â€˜78Taover other
experimental short-lived agents for FPRA applications,
most notably gold-195m and iridium-l9lm, are significant
and have been previously discussed (1).

Although applications of â€˜78Tahave been limited to the
FPRA area at present, the synthesis of potential myocar
dial perfusion agents has recently been shown to be prac
tical (2). The 9.3-mm half-life of â€˜78Taoffers many advan
tages for this and other tissue specific imaging applications.
As in the FPRA application, very high injectable doses of
such agents would be feasible, shortening imaging times
and improving image quality, particularly in tomographic
imaging. The short half-life also provides the benefit of
allowing very important multiple procedures such as rest/
stress perfusion imaging within an acceptably short, single
clinical visit.

For clinical use, â€˜78Tais delivered from a generator
based on the 2L7-day parent wolfram-l78, which is readily
and economically produced by cyclotron irradiation (3,4).
This generator has a long shelf-life of 30 days and can
support hundreds of studies during this period. Optimal
imaging of â€˜78Tais limited to the new multiwire gamma
camera, which is capable of providing superior imaging
and count rate characteristics at the relatively low energy
(60 keY) of the agent and is highly insensitive to its low
abundance, high energy gamma emissions (5â€”8).One of
the important recent advances of this camera is its mobil
ity, providing convenient application at the bedside. This
portability, combined with the need to elute the â€˜78W/
â€˜78Tagenerator for each patient study at a nearby location,
produces unique requirements for the generator. In partic
ular, convenience of use is a very important factor and
portability of the generator, if not essential, is highly
desirable.

A clinical â€˜78W/'78Tagenerator has been previously
reported (1). This system utilized a manual elution mech
anism, providing uptake of an eluant volume from a
reservoir and delivery through the generator by manual
syringe action. Although this system has been successfully
and extensively employed by us, it has several drawbacks
(5,6). First, it is subject to human error both in eluant
volume delivered and in the pressure of such delivery.

An automated, portable 17@W/17@Tagenerator system has
beendevelopedforuseinfirst-passradionuclideangiography
studies with the multiwiregamma camera. Eluant (0.03N HCI,
0.1% H202)and buffer (0.13 N Na@HPO4)are delivered with a
dual channel peristaltic pump. The generator column is a
borosilicate glass tube with 30 @mfused glass flit contalning
0.75 ml AG1X8 anion exchange resin. This column and as
soclated plumbIng are assembled, integrally autoclaved, and
then connected to sterile eluant and buffer containers. Auto
matic push-button elution directly into an injection syringe is
provided.Threesuchgeneratorshavebeenemployedin the
study of 78 patients in the catheterization laboratory utilizing
a mobile,multiwiregammacamera.Overa 3-moperiod,301
sterile pyrogen-free doses ranging from 15 to 99.5 mCi were
supplied with a mean breakthrough level of 2.1 Â±3.6 MCi.
This automated, portable, high-yield 17@Wf7@Tagenerator rep
resents a major advancement that willsignificantlyfacilitate
first-pass radionudide angiography with 17@Taand the multi
wire gamma camera.

J NucIMed 1991;32:2I58â€”2I61

he radionuclide â€˜78Tahas highly advantageous prop
erties for use in nuclear medicine as a result of its short,
but not too short, half-life of9.3 mm. Other currently used
cardiac agents (99mTcand 201Tl)have half-lives of 6 hr or
more and impose many clinical limitations both as a result
of high-radiation dose levels and the absence of physical
decay during an acceptably brief clinical visit. Radiation
dose levels restrict the maximal injectable dose of these
agents to about 30 mCi and 3 mCi, respectively, while
long physical decay time makes it difficult to perform
important multiple serial studies. The short 9.3 mm half
life of â€˜78Taprovides a reduction of patient dose relative
to @mTcby a factor of 20 and relative to 2OPflby a factor
of 200 and a commensurate increase in injectable level
(1). These very high injectable levels make the agent very
effective for first-pass radionucide angiography (FPRA)
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Second, such a syringe delivery system in use over several
weeks of operation can potentially compromise sterility.
Third, this system does not provide pH adjustment, re
quiring that buffer solution be preloaded into the receiving
syringe, which is a significant inconvenience.

These undesirable features have been eliminated and
convenience has been improved through a new design that
incorporates a dual-channel peristaltic pump providing
simultaneous delivery of eluant and buffer solution. In
addition to automatic dose delivery, this system has re
movable pump tubing sections allowing preassembly of all
plumbing into a single, sealed, autoclavable unit. After
autoclaving, this unit is integrally installed into the gener
ator without compromise of sterility and provides a com
pletely sealed system throughout the extended use period
of the generator, minimizing the possibility of pathogen
contamination. The system, furthermore, is highly-auto
mated, requiring only insertion ofa syringe into an output
port and the push of a button to initiate isotope delivery.
We report development and early clinical performance of
this generator.

MATERIALSAND METHODS

Apparatus
ColumnandPlumbingDesign.Thegeneratoroperationalsche

matic is shown in Figure 1. Eluant and buffer are drawn from

sterile reservoirs and delivered, respectively,to the generator
column and to a â€œYâ€•connector at the column output. A dual
channel peristalticpump performs this function utilizingauto
clavable silicone tubing. Tubing inside diameter (i.d.) sizes of
1.30 mm and 0.64 mm provide a flow ratio of 3/1 yielding the
required mix ratio ofeluant to buffer, respectively, and an eluant
deliveryrate of4 ml per mm.

The generatorcolumn is constructedfrom 8 mm outside
diameter (o.d.), 5 mm i.d. borosilicate glass tubing with ends

FIGURE1. Tungsten-i78/Tantalum-i78
matic.

flared into standard 11-mm vial closures, and a fused 3O-Mmglass
frit near one end. The column is prepared by filling the tube
above the glass flit with 0.75 ml ofAGlX8, 200-400 mesh anion
exchange resin in chloride form (Bio-Rad, Richmond, CA). A
glass wool plug of 11-mm length is inserted over this resin bed
and the ends cappedwith ethylene-propylene-diene(EPDM) 11-
mm vialclosures.

The column is enclosedin a lead shield of contoured shape,
providing a minimum of 5 cm ofshielding in all directions. With
200 mCi â€˜78Wloaded on the column, this shieldingprovidesa
dose at the surfaceofthe exteriorgeneratorhousing rangingfrom
I mR/hr to 10 mR/hr. The maximum dose rate at one foot from

the surface is 2 mR/hr. Entry into the column is provided by
insertion of polypropylene â€œIâ€•connectors through the prepunc
turedsepta. Entryinto the eluant and bufferreservoirsis achieved
similarly through septa built into these containers. The eluant
and bufferare mixedat the output of the generatorcolumn and
the mixture is then delivered through a silicone tube to a barb
to-female luer bulkhead fitting to which is installed an intermit
tent injection port. This port is oriented in a vertical direction
and surroundedby a 7.5-cm diameter by 8-cm long, cylindrical,
lead shield provided with a vertical 1-cm channel. A loading port
is provided near the input to the generator column. Loading is
performed through a 13-mm Acro LC13 0.2 @mfilter (Gelman
Sciences,Ann Arbor, MI).

Automated Volume Delivery. The volume delivered by the
peristaltic pump is monitored by electronically counting the
number of rollerspassing over the pump tubing. Pump action is
begun by depressing a push button and continued until the count
appropriatefor the desired volume is reached.

We have previouslydemonstrated that cooling of the â€˜78W/
â€˜78Tagenerator to 4Â°Cprovides a substantially increased yield.
(1). Thiscoolingis providedby incorporationof the entire
generatorinto a compact refrigerationunit. In addition to cool
ing, this unit provides a convenient, sturdy, sealed enclosure (see
Fig. 3).

Chemical Preparation
Sterile eluant (0.03N HCI, 0.1% H202) is prepared by the

following procedure. A volume of 500 ml of solution is made up

in a pyrogen-free volumetric flask, using 1.25 ml of concentrated
HCI, 17 ml of 3% H2O2(USP), and sterile water for injection
(SWFI)to make 500 ml. Withina laminar flowcleanbench, this
solutionis dispensedinto an empty, sterile,pyrogen-free,500 ml
plastic bag, utilizing a sterile transfer set (Baxa Corporation,
Englewood, CO) connected to an Exacta-Med pharmacy pump
(Baxa)through a 0.22 @tm,37 mm filter assembly(Baxa).The
H2O2content is confirmedby titration with 0.lN KMnO4solu
tion in lN H2S04 and the HO content by titration with 0. iN
NaOH to a phenolphthaleinendpoint. (9)

Sterile buffer solution (0.l3N Na2HPO4) is prepared by an
analogous procedureutilizing 17.4g ofdibasic sodium phosphate
heptahydrate,9.7 g ofsodium chloride(USP)and SWFIto make
500 ml. Steriletransfer to 500 ml plastic bags is carried out as
above. This solution, when mixed with eluate 1/3, produces an
isotonic pH 6.2â€”7.0solution. The concentration of Na2HPO4 in
the buffer is confirmed by titration with 0. iN HCI to a methyl
orangeendpoint (10).

Assembly and Loading
The entire plumbing assembly is filled with eluant and pre

pared for autociaving as shown in Figure 2. Autoclaving is

w-178/Ta-i78GeneratorSchematic

generator sche
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W-17811a-178 Generator Column and Accessory
Plumbing Assembled for Autociaving

1'@

tamed from all patients. Both the portable generator and the
multiwire gamma camera were operated in the catheterization

laboratory to acquire high count-rate FPRA studies at baseline
and during coronary balloon inflation, thereby documenting the
effect of transient (@@-45sec) coronary occlusion at various coro
narysites. The practicalimplementation ofthis protocol was very
demanding. The FPRA study during coronary occlusion was

performed over the last 30 sec of 1-mm balloon inflation. For
this study, the fluoroscopy camera was raised, the multiwire
gamma camera quickly positioned over the patient's chest, the
â€˜7tWf7tTageneratoreluted,the angioplastyballooninflated,and
first-pass â€˜78Tainjection performed 30 sec into the inflation. It
was very important to minimize the interruption of the anglo
plasty procedure during which no fluoroscopy was available,
which included the time to elute and inject the â€˜7tTa.Thus, rapid

and convenient elution of the generator was of great importance.
The three generators used in this study were also used for

routine diagnostic FPRA in the nuclear cardiology laboratory
over the 3-mo period ofthese studies. The generators were loaded
with 152, 222, and 235 mCi of â€˜78W.To document breakthrough
performance, on each day of clinical use each generator was
eluted early in the morning and late in the afternoon. Those
samples were retainedand measuredat least 3 hr after elution to
obtain the generator breakthrough level. Each generator used in
this study was examined for pyrogens and sterility prior to clinical

use and at the end of the 30-day clinical use period.

RESULTS

The three clinical generators were eluted 113, 96, and
200 times and had an average â€˜78Wbreakthrough of 2.5 Â±
2.5 MCi,3.4 Â±2.8 MCi,and 1.2 Â±0.5 uCi. The delivered
dose of â€˜78Taranged from 15â€”99.5mCi. Sterility and
pyrogen tests were negative, both for initial samples and
those taken after 30 days of use.

Figure 4 shows the yield and breakthrough performance
ofthe largest ofthese generators (235 mCi â€˜78W).The unit
was eluted 125 times for clinical studies and breakthrough
measurements over a 30-day period, and then another 75
times during the ensuing 18 days for test purposes. The
yield of â€˜78Tadecreased from 44.6% to 21 . 1% over the 30-
day clinical period and decreased to 16.4% at 48 days. The
breakthrough ranged from 0.4 @iCito 3.7 @iCiwith a mean
of 1.2 @Ciover 48 days and 200 elutions. These results are

FIGURE 3. Clinical178W/178Tagenerator.
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FIGURE2. Tungsten-i78/Tantalum-i78 generatorcolumn
andaccessoryplumbingassembledforautoclaving.

performed at 120Â°Cfor 20 mm. The generator is prepared for
loading by installing the generator column in the lead pig, the
peristalticpump tubes in the peristalticpump, and insertingthe
polypropyleneâ€œIâ€•fittingsof eluant and buffer lines through the
septa of their respective reservoirs. Loading is performed by
pumping 2 ml of â€˜78Win 0. iN HCI, 1% H202, 0.02N HF solution
into the loading port at a rate of 0. 1â€”0.2mi/mm. Then the
column is washedimmediately with 40 ml ofeluant. Immediately
following this wash, an additional 1 ml is eluted to provide
solution for limulus lysate pyrogen analysis and bacterial cultures.
After45 mm, a standard 1.2 ml elution is performed.This elution
is assayedimmediatelyand decay correctedto the beginningof
the elution. The generatoryield is calculatedas the percentageof
decay corrected â€˜78Taactivity to the â€˜78Wloaded on the column
(the theoretical maximum â€˜78Taactivity). After a minimum 3-hr
delay, this elution is again assayed for â€˜78Wand the breakthrough
of the generator calculated as the ratio of this activity to the
loaded â€˜78W.

Operation of the System
To elute the generator, the output port lead shield (Fig. 3) is

removed and the injection site wiped with a sterile alcohol swab.
After shield replacement, a sterile 3-mi syringe with a 25-gauge
needle is insertedthroughthe shield penetratingthe septum. The
delivery button is then pressed and the built-in dual channel
peristaltic pump automatically delivers a 1.2 ml dose of â€˜78Tain
buffered isotonic solution ready for injection. Dose assay is
provided by counting with the built-in Geiger detector for 6 sec
beginningimmediatelyat the end of elution. Complete elution
and assay is provided in 21 sec.

ClinicalGenerators
Three generators of the described design were used to study

cardiac function in 78 patients undergoing percutaneous trans
luminalcoronaryangioplasty(PTCA).Thisstudywascarriedout
under an FDA-approved IND and informed consent was oh
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dure in the cardiac catheterization laboratory during cor
onary angioplasty. This demonstrated the rapidity of de
livery, convenience of use, and portability of the system
in a very practical application. Without these features, this
study would not have been feasible. The enhanced features
of this system should substantially facilitate first-pass
radionuclide imaging with the multiwire gamma camera,
both in standard clinical use and in research applications
made possible by the unique features of the isotope and
mobile multiwire camera.
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BREAK THROUGH & YIELD
W-178/Ta-178 GENERATOR

48 DAYS OF USE
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FIGURE4. Breakthroughandyieldperformanceof a large
clinicalgenerator loaded with 235 mCi 178@4dinically utilized for
30 days and tested for another i 8 days.

similar to those obtained for manually-eluted generators
which have been previously published. (1) From published
radiation dosimetry estimates, the maximum whole-body
doses from â€˜78Ta(99.5 mCi) and from 178Wbreakthrough
(3.7 zCi) were 5 1 mrem and 0.2 mrem, respectively (1).
The portion of the dose from â€˜78Wbreakthrough, at the
levels produced in this generator, is exceedingly small.

The detailed clinical results ofthe PTCA study are being
prepared and will be published separately.

CONCLUSIONS

In summary, we have demonstrated that the new auto
mated â€˜78W/'78Tagenerator provides a safe, convenient,
operator-independent source of â€˜78Tawith a safe shelf-life
of at least 30 days. The system was successfully and
extensively utilized in a very demanding portable proce

AnAutomated, Portable 17@W/17@TaGenerator â€¢Lacyet al 2161




