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A Shielded Coil for Continuous
Scintillation Monitoring of
Circulating Radioactivity
Sam A. THReerFooT, MD

ONTINUOUS MONITORING OF CIRCULATING RADIO-

activity is sometimes advantageous for the
study of both biologic and nonbiologic subjects.
Rapid muitiple sampling has the disadvantages
that quickly changing events can go undetected
between tamples and that much time is required
for preparation and counting of numerous samples.
Further, both multiple sampling and some of the
previously reported methods for continuous moni-
toring3: 4 8. 10 are limited to shornt periods of ob-
servation or may remove significant quantities of
fluid from the subject.

To obviate these objections, a simple shielded
coil was devised to be utilized with any suitable
pumping apparatus which can circulate fluid
around a scintillator crystal and return it to the
subject. This system was designed primarily for
detection of the entrance of radioactive tracers
into the venous system after injection into lym-
phatics in order o demonstrate lymphaticovenous
communications.!l Double lumen catheters were
placed in the inferior and superior vena cava of
heparinized dogs so that blood could be circu-
lated through the coils by means of a dual extra-
corporeal pump and returned to the circulation
bevond the point of sampling (Fig. 1). The
method can be used, however, for prolonged con-
tinuous monitoring and recording of radioactivity
from either veins or arteries of living animals for
a variety of purposes, including uptake and turn-
over studies, continuous blood volume determina-
tions, etc., without muitiple sampling and loss
of blood.

Description

The hasic components of the system are: (1)
coil support: (2) plastic wbing for coil: (3) lead
housing.

Cail support: The coil support is made of
aluminum as indicated by part 2 of the mechanical
drawing (Fig. 2). The inside dimension will
accommaodate a onc-inch scintillator crystal  (Fig.
3) and will permit plastic tubing of a selected size
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to be coiled around the cutside without kinking
or crimping to provide geometric exposure sufh-
cient for detection of small concentrations of
radioactivity in the blood or other fluid circulated
through the tubing. The dimensions of the sup-
port may be altered to accommodate crvstals of
other sizes.

Plastic tubing: The plastic tubing used for the
coil (Fig. 3) may vary in size within the acceptance
limit of the coil support and can be of any suitable
material. It may be disposable or re-usable after
decontamination and sterilization.

Lead housing: The lead housing is milled from
a solid cylinder of cast lead of selected size and
thickness. The dimensions of the “well” in the
housing are calculated to accommodate the coil
support with the tubing (Fig. 2). A spiral groove
is milled out along one wall of the well to accom-
modate the descending limb of the tubing without
crimping or impingement between the coil support
and the housing so that the tubing may then be
coiled around the support from below upward
(Fig. 3). The housing may be constructed of any
thickness necessary to provide adequatc shielding
under the circumstances for which it is to be used.

Calibration

The necessity for quantitative calibration is
dependent upon the particular use to which the
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Fu.. 1. Exemplary diagram of continuous measure-
ment of circulating radioactivity in the inferior vena
cava (IVC) of a dog. Other tyvpes of cannulae may
replace the double Tumen catheter illustrated. The
swstem iy be duplicated for simultaneons sampling
from multiple sites. Outlets for periedic sampling for
aalibratnon and or standardization may be placed at
amy appropriate location in the circuit
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Fi. 2. Mechanical drawing of the coil support and lead shield designed for use with a
one-inch scintiliator crystal.
system is put. In some types of detection studies justment of the values of the ordinate, setting

no calibration is needed or possible. However,
if the count rate or recorder deflections are to b
compared with injection standards or are to be
transiated into concentration values for determi-
nation of dilution factors, periodic samples can
e taken from a sampling poim (Fig. 1} and a
conversion factor determined.$. 10

Since the geometry of the coil is constant, the
relationship between the concentration of radio-
activity determined by an independent sample
counting method and the recorded count rate is
constant:

Concentration t,

Count Rate 4 % Count rate t» = Concentration te

where: Concentration t1 = that determined by GM
or well counting of a sample ol the circu-
lated fluid at the time of sampling:

Count rate 1; = the rate meter or recorder
deflection at the time of sampling: and

t2 = any other time.

Results of an in vitro calibration experiment con
firm the linear relationship of concentration to
count rate. With the equipment used the ratio
was 1:2.5 (0.4), (Fig. 4 A, B). By appropriate ad-
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background as the baseline, concentration can be
read directly from the recorded curve (Fig. 5).
The lag time from the source to the coil is
dependent upon the flow rate and the volume
of the system between the subject and the coil
Obviously, these will vary with the size and
length of the tubing, the size of intake and output
orifices and the characteristics of the pumping
system. 1 consideration of the traverse time from
the sampling orifice to the detector is necessary,?
this time must be determined for each experimen-
1al set-up in which the pertinent factors vary.
The conditions of the calibration study illus-
trated here were such that fluid traveled from
the reservoir to the coil in about one second and
completed passage through the coil in another
second. When a double lumen cardiac catheter
was used, narrower orifices impeded flow and
approximately 6 seconds were required for travel
from the reservoir through the coil, about half of
which was for passage through the coil alone.

Discussion and Summary

Although devices for continuous sampling and
recording have been utilized for dye dilution
curves for various purposes,2-8. 10 most are limited
to relatively short periods of observation and re-
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Fic. 4. A, diagram of in vitro system for calibration. B, plot of calibration results. Samples
for determination of concentration of the circulating fluid were obtained from both the reservoir
containing the calibration solution and the sampling site indicated. For the particular method
of GM counting of the sampled fluid, there was a factor of 0.4 for conversion of recorder count
rate to concentration, for concentrations ranging from 1,000 to 8,000 cpm/cc, and count rates of
2,500 to 20,000 cpm. By simultaneous circulation through 2 “coil” systems, each may be cali-
brated against the other and adjusted to comparable sensitivity.

quire removal of fluid from the sampled pool. The
apparatus described herein may be utilized either
in a circuit or as an open-end sampling method.
It provides good geometrical exposure to the crys-
tal necessary for detection of small quantities of
radioisotope of low concentration but can also
be used for assay of Huids with high count levels.

Fie. 3. The disas-

PPhotograph  of 2 assemiblies.
sembled display on the deft exhibits the component

parts. Cellophane tape avound the ountside of the
plasuc wbing holds 1t 1 place on the ol support
and permits easy changing of the tubing. Additional
shielding may be placed hetween the subjear and the
scintilinow it needed. A components. induding vae
meters and yeomder s can he monted on g oroller Gt
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Description of this coil is presented as an alterna-
tive system to the “inverted” versions intended {or
insertion into conventional well counters which
can perform similar functionsl. 3. 4 (e.g. Radicoil®)
but which may be too bulky, immobile and ex-
pensive for some purposes.

The coil described here can be utilized with
the same scintillator probes available on many
of the systems used for renograms or for sample
counting and has the advantage of mobility from
place to place while not sacrificing sensitivity. The
size and mobility of the equipment enables the
investigator to use multiple units for monitoring
from more than one vascular channel in a room
which may be already crowded with other equip-
ment. Although investigators possessing any of a
variety of scintillator probes and rate meters need
no new equipment, it may be desirable to use a
coil support and shield with the size and shape
of the internal dimensions different from those
presented in Figure 2. In the experiments for
which this coil was designed, a dual extracorporeal
pump was utilized but for use in man a safer dual
push-pull syringe pump. with simultaneous sam-
pling by one svringe and return by the recipro-
cating svringe. can be used with either needles or
catheters in the appropriate vessels and anticoagu-
fation of the blood in the extracorporeal circuit.
Address jor covvespondence: Sam A Thyeefoot.

MD. Divecter o) Researeh, Touro Rescarelr Insti-
tate. 3500 Prytania Shreet, Neie Odvleans, La.
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Fic. 5.

Copy of actual recording of count rate of circulating calibration solution. 131[-Albumin

was added to the cylinder of fluid illustrated in Figure 4 A at the instants indicated by the
arrows, The first addition of one cc was near the uptake orifice to test the ability of the system
to record the bolus and its subsequent mixing. The second addition of 2 cc was farther from
the uptake orifice with dilution beforc uptake accounting for the smaller initial deflection.
The ordinate values on the left are the actual count rate of the rate meter and recorder
corrected only for background and those on the right are the concentration of fluid sampled
from the reservoir and the circuit as shown in Figure 4. Known volumes of fluid were counted
with a GM tube and corrected to cpm,cc, which value was 0.4 times the count rate of the

recorder.
materials have been published.11
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