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SYNOPSIS A method for calculating 1131 conversion ratios by utilizing the inorganic 1131 counts in
the plasma at 24 hours is presented. Its chief advantage over previously used methods is that in
cases of low conversion ratio it eliminates the large error introduced by fluctuations in the back-
ground of the counting equipment. The principle of the method depends upon the ability of silver
to precipitate iodine (131) in the presence of a slight excess of carrier iodine. Data are presented
which show that low conversion ratios are frequently found in euthyroid patients, as has been the
finding of other investigators.

Chaikoff, Taurog, and Reinhardt (1947) suggested
that the rate of conversion of administered radio-
active inorganic iodine into protein-bound iodine
of plasma would be a useful guide to thyroid activity.
Many subsequent investigators have applied the
above suggestion to human studies. This rate is
referred to as the 'conversion ratio' and is usually
calculated as follows:

protein-bound plasma 1131
Conversion ratio== toa plsm ioie3 x 100total plasma iodine'31
There are basically two methods for the determina-
tion of the conversion ratio. One is to precipitate the
protein-bound 1131 (Chaikoff, et al., 1947; Clark,
Mo., and Adams, 1949; Sheline and Clark, 1950;
Sheline, Moore, Kappas, and Clark, 1951; Seed,
Jaffe, and Baumeister, 1951; Harsha, 1951; Schultz,
Sandhaus, Demorest, and Zieve, 1954; Van
Middlesworth, Nurnberger, and Lipscomb, 1954;
Fields, Kinnory, Kaplan, Oester, and Bowser, 1956;
Zieve, Vogel, and Schultz, 1956), and the other is to
remove and discard the inorganic iodine13' by using
an anion exchange resin (Fields et al., 1956; Zieve
et al., 1956; Lahr and Tabern, 1958; Dowben, 1960).
Various modifications of the original resin method
have been published, most of which differ mainly
in technical details. Probably the simplest is that of
Lahr and Tabern (1958) and of Dowben (1960),
both of which require little laboratory manipulation.
Both the precipitation and resin methods utilize
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the counts of the protein-bound 1131 fraction to
calculate the conversion ratio. Since the background
count always fluctuates during the procedure, low
protein-bound 1131 counts after separation of the
inorganic 1131 result in a large percentage error.
Indeed, it is not unusual to obtain counts for the
protein-bound 1131 fraction which are lower than
the background. In this laboratory, using Dowben's
modified resin method (1960), at 24 hours a consider-
able number of low conversion ratios have been
found in euthyroid individuals. After careful
mathematical consideration, Riggs (1952) suggested
that the conversion ratio obtained after a much
longer interval than 24 hours would be appropriate
for the diagnosis of hypothyroidism. However, the
counts obtained 48 or 72 hours after the adminis-
tration of tracer doses are very low in comparison
with the background. Calculations from such low
counts introduce large errors and thus greatly reduce
the significance of the findings. Therefore, most
laboratories have resorted to the use of the 24-hour
conversion ratio.

It is the purpose of the present paper to evaluate
the data obtained in cases of low conversion ratios
by a new method which obviates the error intro-
duced by the fluctuation of the background by
making use of the counts of the inorganic I'31
fraction and requires no increase in dosage.

REAGENTS

1 20% NaI

2 20% CC13COOH
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3 5 % CC13COOH

4 5% NaHCO3

5 ALKALINE 10% AgNO3 Into a flask containing 10%
AgNO3 solution, concentrated NH4OH is added drop by
drop with continual swirling of the flask. A brownish
precipitate forms and shortly disappears. At the latter
point, the addition ofNH4OH is stopped.

All reagents are of the best chemical grade and
solutions are stored in the refrigerator.

Reagents 1 and 5 must be kept in brown bottles.

APPARATUS

Plastic tubes, 1-5 cm. in diameter and 15 cm. in length,
small glass funnels, measuring 3-2 cm. in diameter, and
filter paper, Whatman No. 40, are required. The counting
apparatus is the Nuclear Chicago decade scaler, model
181A, with Nuclear Chicago radiation analyzer, model
1810, and Nuclear Chicago well scintillation detector
DS-5.

COUNTING PROCEDURE

Each tube was countel twice in the scintillation well
counter for five minutes. The average of these deter-
minations was used except for the final supernatant. It was
checked once to determine whether it contained radio-
activity. For the second count the tube was rotated 1800
in the well counter. Sufficient sodium radioiodide was
diluted with distilled water so as to provide approxi-
mately 10,000 counts/5 min./2 ml.

TEST PROCEDURE

Oxalated blood, drawn from the patient's vein 24 hours
after the oral administration of sodium radioiodide, is
centrifuged to separate plasma. Two ml. plasma is
transferred to a plastic tube (tube A) and counted. To
tube A, 01 ml. of reagent 1 and 2 ml. of distilled water
are added and mixed. Five ml. of reagent 2 is added and
mixed. The contents of tube A are poured into the funnel
which has been prepared by introducing a filter paper
which is slightly smaller than the funnel itself and
moistened with water. The filtrate is collected in another
plastic tube (tube B) which contains 0 5 ml. of reagent 4.
Tube A is washed twice with 5 ml. and 3 ml. of reagent
3 and this also is poured into the funnel. To facilitate com-
plete washing, the rinse is poured into the funnel before
the original content of tube A has completely passed
through the filter paper. Tube A is washed a second time
using 3 ml. of reagent 3, and this rinse poured into the
funnel as before. After filtration is complete, gentle air
pressure is applied to the rim of the funnel to free the
residual filtrate in the stem of the funnel. The filtrate in
tube B must be clear. Eight ml. of reagent 5 is added to
tube B and mixed well. Tube B is centrifuged for 10 min. at
3,000 r.p.m. The supernatant B is decanted into a plastic
tube (tube C) which can be checked in the well counter
to be sure that it is free of radioactivity. The precipitate

in tube B is counted. The conversion ratio is obtained
from the following equation:
Conversion ratio =
Net counts of tube A -(net counts of tube B x 1-02)

Net counts of tube A
where 1-02 is the average value of the combined correction
factor.

COMBINED CORRECTION FACTOR

Since this method requires the separation of inorganic
iodide from the organic fraction by means of filtration
after precipitation of protein, a small loss of inorganic
iodide fraction is to be expected during the procedure.
A correction factor to compensate for the different
geometries between the original plasma and the preci-
pitate of the inorganic iodide fraction after filtration is
also necessary. These two factors can be obtained as one
constant by the following procedure.
Two ml. of the diluted radioiodide is pipetted into a

plastic tube (tube Al) and counted. Two ml. of plasma,
having no radioactivity, is pipetted into another plastic
tube (tube B'). To the latter tube 01 ml. of reagent I is
added and the contents mixed well by swirling. Five
ml. of reagent 2 is then added and mixed well. The
contents of tube B' are poured into tube A' and again
mixed well. The precipitate is filtered and washed as
described in the procedure. To the filtrate 8 ml. of reagent
5 is added and again mixed well (tube C'). This tube is
centrifuged for 10 min. at 3,000 r.p.m. The supernatant is
carefully decanted and can be checked in the well
counter to be sure that it is free of radioactivity. The
precipitate in tube C' is counted. The combined correc-
tion factor is obtained from the following formula:

Net counts in tube A'
Combined correction factor =Net counts in tube C

Under the conditions used here 12 experiments to deter-
mine the combined correction factor gave an average
value of 1-02 with a range of 1-013 to 1-036.

RESULTS

The patients included in this study were between the
ages of 18 and 72, and were sent to this laboratory
for thyroid function tests. Usually, 50 ,tc of sodium
radioiodide I131 was given to the patients orally for
the determination of both uptake and conversion
ratio. When a scanning examination was expected,
100,Lc was administered.
Clark et al. (1949) stated that the conversion

ratio determined 24 hours after the administration
of radioactive iodine was 45-96% (average 78 5%)
in 28 hyperthyroid and 13 to 42% (average 24o%) in
22 euthyroid and 2-7 to 12 5 % (average 6%) in
19 hypothyroid patients. However, Sheline and
Clark (1950) and Sheline et al. (1951) reported
that there was a considerable overlap in data
between euthyroid and hypothyroid patients, and
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also found that many euthyroid individuals had
conversion ratios of 10% or less.

According to Dowben (1960), his modified resin
method gave a better separation between the hypo-
thyroid and euthyroid groups than the trichloroacetic
acid precipitation method. He gives the following
results: 4 9 + 2-6% in the hypothyroid group,
20-2 9-6% in the euthyroid group, and
66-6 ± 153% in the hyperthyroid group. Another
resin column method (Lahr and Tabern, 1958) uses
2 ml. of plasma which is put through a resin column
and then the column is washed with 3 ml. of saline,
resulting in 5 ml. of total effluent. When the same
amounts of radioactivity are contained in different
amounts of solvent, the counts in the larger volume
are always lower than those in the smaller volume.
Therefore, when the protein-bound 1131 fraction is
low, this method will give even lower counts result-
ing in uncertain data.
During a three-year period in this laboratory,

using the modified resin method, of a total of 689
patients, 225 (37%) have had conversion ratios
below 10%.
Table I compares the effects of the fluctuating

background upon the results obtained with the
modified resin method and the method described
here. The data obtained with the modified resin
method vary widely whereas those obtained with
the current method are readily reproducible. A
summary of 36 euthyroid, seven hyperthyroid, and
five hypothyroid subjects (including two cases
of suspected hypothyroidism) is shown in Table 11.
Clinical histories and results of physical examina-
tions as well as other laboratory data (protein-
bound iodine, thyroid 1131 uptake, cholesterol,
basal metabolic rate) were used as the criteria
to classify the three groups. Cardiac patients who
were under treatment for thyroid disease or on
whom the treatment had been stopped recently
were discarded.

Usedt-'-.
Used'

Group

TABLE II
CONVERSION RATIOS OBTAINED WITH THE

DESCRIBED METHOD
No. of Age Conversion Ratio
Patients Range (%)

Mean Range

Hypothyroid' 5 24-55 4-5
Euthyroid 36 18-72 7-9
Hyperthyroid 7 25-63 48-6

'Includes two cases of suspected hypothyroidism.

2-7-8-2
I 3-17-7

364-82-2

Examination of Table II shows that none of the
patients in the euthyroid group had conversion
ratios over 20% whereas all of the hyperthyroid
subjects were over 35 %. Since the number examined
here is limited, it is probable that, had a greater
number of cases been examined, there would not be
such sharp delineation between hyperthyroid and
euthyroid groups. Three hypothyroid subjects had
conversion ratios of 2-7 %, 2-8 %, and 4 0% and the
two suspected hypothyroid subjects were 4 9% and
8-2%, respectively.
Of 36 euthyroid patients, 24 showed conversion

ratios below 10%. Because so many of the euthyroid
patients showed very low conversion ratios, it is
impossible, by means of the conversion ratio test
alone, to distinguish this group from the hypothyroid
subjects. This finding agrees with that of Sheline
et al. (1950, 1951). This test, however, measures
another parameter of thyroid activity and, as such,
contributes to the accuracy of diagnosis.

Probably the urinary excretion of 1131 is one of
the best single criteria for the diagnosis of hypo-
thyroidism; however, the completeness of the urinary
collection is often in question, particularly in the
case of out-patients. Since no single test is sufficient
to differentiate hyperthyroid, euthyroid, and hypo-
thyroid individuals, a test which contributes to the
accuracy of the combined diagnostic data should
be of valuable clinical application.

TABLE I
COMPARISON OF EFFECTS OF VARIATION IN BACKGROUND UPON RESULTS OBTAINED WITH

MODIFIED RESIN AND DESCRIBED METHODS

aodified Resin Method Method Described Here

Counts of Original
Fluid before Resin Column

738}719

Counts after Resin Column

134} 143

Counts of Original
Plasma

7}748

Inorganic I"'

Counts of Inorganic I1313
Fraction

696} 698

Net Counts Net Counts
before Resin after Resin
Column Column

612
598
579

36
22
3

Conversion Ratio
(%

5.9
3-7
0 5

Net Counts Net Counts
(Original (Inorganic 31"
Plasma) Fraction)

641
627
608

591 x 1-02 = 603
577 x 1-02 --589
558 x 1-02 569

Conversion Ratio

5.9
6-1
64

IDuring this experiment the background was checked three times giving counts of 107, 121, and 140.

107
121
140
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