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In an effort to increase the accuracy of assay
of thyroidal function, two earlier papers (1, 2)
have given a numerical and mathematical de-
scription of the short-time behavior of radioiodine
observed in the neck tissue, thyroid, plasma, and
urine. It remains: a) to apply these data to the
conversion of several of the diagnostic parameters
currently in use in this type of investigation so as
to achieve a common basis for comparison; b) to
describe the authors' clinical results; and c) to
provide a set of diagnostic limits for routine use
based upon a maximum amount of published in-
formation.

CHOICE OF PARAMETERS

The various parameters that are commonly em-
ployed in the assay of thyroid function with radio-
iodine are:

(a) The thyroidal plasma clearance rate (3);
(b) The thyroidal fractional rate of uptake

from the iodide pool (1);
(c) The 24-hour percentage accumulation in

the thyroid gland;
(d) The 24-hour percentage excreted in the

urine;
(e) Parameters based on various other bulk

samples of urine (4);
(f) The thyroidal rate of output of organic

iodine (5); and
(g) The "conversion ratio" (6) of plasma or-

ganic and inorganic radioiodine.

Because the mathematical treatment (1) has
been restricted to the early phase of iodine uptake,
the resulting equations cannot be applied to the
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diagnostic parameters (f) and (g) above, be-
cause these are derived from the later (hormone
and organic iodine) phases.

In comparing the remaining parameters it is
necessary to convert them to some common basis,
which is conveniently chosen as either the pair of
plasma clearance rates-thyroidal (expressed as
g ml. per min.) and renal (r ml. per min.)-or
the corresponding pair of rate factors-thyroidal
(k, min.-') and renal (k2 min.')--as defined in
an earlier paper (1).

It may be recalled that the clearance rates are
equal to the corresponding rate factors multiplied
by the volume of the iodide space.

Clearance rates may have slightly more funda-
mental significance than the rate factors, but in
practice their measurement is performed in ex-
actly the same manner except for the additional
determination of the radioiodine in a sample of
blood plasma; unless the latter is done very care-
fully indeed, this may add further experimental
error to the measured clearance rate while little
is gained in diagnostic precision.

At first sight it might seem that a simpler basis
of comparison would be provided by the per cent
uptake (or excretion) at some selected time (usu-
ally 24 hours) after the administration of the test
dose, because this is one single parameter rather
than a pair. It must be remembered, however,
that the per cent uptake really involves both clear-
ance rates (or both rate factors), because a high
thyroidal uptake can result either from a high
thyroidal rate combined with a normal renal rate
or from a moderate thyroidal rate with a low re-
nal rate. Moreover, the possible excretion of or-
ganic radioiodine from the thyroid gland may
lower the observed per cent uptake to such a value
that a hyperthyroid case may appear in the normal
range of values; this makes the per cent uptake
a one-sided parameter. The per cent excretion
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also has this disadvantage, and it is of course an

even more indirect approach to the problem.
In the next section the above parameters are

compared on a numerical basis, using data pub-

lished by others, for those papers where sufficient
information has been provided to allow compari-

son. The search for information of this type has
been fairly extensive but not exhaustive, and some

papers may have been unintentionally overlooked.
There is, however, a whole group of studies, based
on the method of Stanley and Astwood (7), that
cannot be adapted because these writers have ex-

pressed their results in terms of the square root
of the time-a mathematical procedure that can-

not be linked up with any of the proposed schemes
of iodine metabolism. With this group there is
the added difficulty that the published numerical
parameters depend largely on the different ex-

perimental arrangements employed at various

centers.

DIAGNOSTIC LIMITS DEDUCEDFROMPUBLISHED

WORK

Clearance rates

From equations I (4),8 I (8), and I (9) of an

earlier paper (1), it is seen that the clearance
rates are related to the rate factors by the follow-
ing:

ki = g/sVo (1)

k2= r/nVo (2)
In this paper equations prefixed I refer to those given

in the first paper (1) in this series.

Additional knowledge is needed of the mean re-

ciprocal volume (1/V,,0 ml.-') of the iodide space

for the average patient.
From the information discussed in the same

paper (1) the over-all mean value

W/Vg0 = 3.25 kg./litre

and also

Vs0 = V3o/1.32 1(21)

giving, for an average body-weight Wof 70 kg.,

Vaoc 325 16,300 ml. (3)

Putting this value in equations (1) and (2)
enables the conversion to k, and k, of various pub-
lished figures for clearance rates, as set out in
Table I. Although Berkson, Keating, Power,
and McConahey (8, 9) deduced their results in-
directly from measurements of the radioiodine
excreted in the urine, the mid-point of their over-

lapping values of g, (the thyroidal clearance rate)
with normal and hyperthyroid cases, is in good
agreement with that of Myant, Corbett, Honour,
and Pochin (3); the wide limits of Ansell, Mac-
gregor, Miller, and Wayne (5) are also con-

sistent with these two. On the above results it is
apparent that g = 60 ml. per minute or 103k, = 3.7
minute-' is the approximate borderline between
euthyroid and hyperthyroid cases with normal
renal function.

Perry and Hughes (10) have shown that, when
renal function is impaired, the average normal

TABLE I

Conversion of published information on clearance rates

Deduced rate factors
Clearance rate minute1

ml./mis.
Reference Number lO'ka

Authors number of cases Diagnostic category g r lOki (mean)

Myant et al. 3 12 euthyroid Mid-point of over- 63 30 3.87 1.84
12 Graves' disease lapping values

normal/hyperthyroid

McConahey et al. 9 9 euthyroid Mid-point of over- 57 33 3.50 2.02
16 hyperthyroid lapping values

normal/hyperthyroid

Ansell et al. 5 Not stated Certainly normal 40 2.46
Upper limit of normal 80 4.52

Perry and Hughes 10 11 Mean value of normal 4.3 5.5 0.26 0.34
thyroid but with renal :1 1.5 -1-.2 410.09 4:0.07
disease
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thyroid values of g (and k1) are lowered as are

the renal parameters; however the number of pa-

tients studied is too small to permit a diagnostic
boundary value to be set for this type of patient.

Gross 24-hour uptake

The total neck-tissue-plus-thyroid uptake at 24
hours (11, 12) has been a popular parameter at
many centers, and optimistic claims have been
made for its diagnostic accuracy, presumably be-
cause highly hyperthyroid individuals have been
tested and compared with definitely normal cases.

To deduce information on k1 and k2 from the
24-hour uptake one must consider equation *(11)

N =
NV e-k#t + (1 - e-k#t) k1/k I(11)

which gives the gross uptake provided no radio-
iodine has left the thyroid gland in organic form;
in other words this equation really gives an up-

per limit for the gross uptake with given values of
k. and k2. Then if X is the diagnostic boundary
value for the 24-hour uptake, higher values be-
ing taken as hyperthyroid and lower values as

euthyroid one can say that if the right hand side
of equation I (11) is not greater than X, then the
gross uptake N also cannot be greater than X so

the case would be a normal one. This may be
written as an inequality

N < NoVn e_kt + (1 - e-k#t) k1/k < X (4)
-v

On the other hand if the formula leads to a

quantity greater than X one cannot be sure

whether N is greater or less than X so the diag-
nosis is in doubt. Thus writing

N0Vn ek%t + (1-e-kit) k1/k = X (5)

leads to a value of k, for any given value of k5,
because k = k1 + k2. Then if k, for any patient
is less than this value the patient must be euthy-
roid. Still there will be a region of doubtful ki
values just above this boundary. This explains
one of the major disadvantages of the 24-hour
parameter; another, less critical, difficulty is the
uncertainty in the term NOVU/V unless it has been

determined by experiment for the exact geometri-
cal arrangement used for in vivo counting.

In an early paper Werner, Quimby, and
Schmidt (12) set a boundary value of 35 per
cent (X = 0.35) for the 24-hour uptake to distin-
guish between euthyroid and hyperthyroid cases.
Jaffe and Ottoman ( 11 ) published a similar value,
and this appears to have been adopted quite widely
by other centers, at least in this country. Re-
cently, however, Werner (13) has used a much
higher borderline of 50 to 55 per cent, which is
in better agreement with the value to be expected
when calculated from the other parameters.
The ranges of uptakes given by Fields and LeRoy
(14) are also more consistent with the higher
boundary.

Taking as an example Werner's limit of X =
0.55, and NoVn/V = 0.063 at t = 24 hours-an
estimate made from comparative observations on
an athyroid patient using a Geiger counter ar-
ranged in the manner described by these authors
(12)-equation (5) becomes, with 4t = 566 min-
utes,

.063 e-S61k + (1 - e-5"k) k1/k = 0.55 (6)

Pairs of k values can be found to satisfy (6),
typical cases being included in Table III and in
Figure 1.

Urinary excretion

Methods for studying thyroid activity by means
of the urinary excretion of radioiodine fall into

TABLE II

Conversion of data reported by Keating and his associates

Average rate factors Range*
deduced from for
published data uptake

minute' rate
Number 108ki

Type of case of cases 1O'k 1MO's mixuse1

Normal
(controls) 4 1.8 3.4 0.5- 3.2

Euthyroid
(but unrelated
illness) 28 1.8 3.0 1.3- 2.4

Non-toxic goiter 26 2.7 3.4 1.6- 3.7
Toxic goiter 23 3.7 2.3 0.7- 6.7
Exophthalmic

goiter 64 9.1 2.0 7.7-10.5
Myxedema 24 0.5 2.8 0- 0.6

* The range tabulated here is the mean value twice
the standard deviation given in the original paper (15, 16).
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TABLE III

Conversion of Werner's (13) 24-hour uptake limit and Fraser and others (4) urinary T-parameter limits

Deduced values of the thyroid rate
lO'ki minuke1

24-hour
T=12.8 gross uptake T 17.4

T =2.1 T -2.8 Normal/ 55 per cent Probably
Renal rate Very low/ Low/normal probably Werner high/

10%2 low uptake uptake high upper limit high
minutke borderline borderline borderline of normal borderline

0.1 0.50 1.34 0.92
0.2 - 1.50 1.41 1.98
0.3 2.08 1.47 2.57
0.4' 0.09 2.46 1.53 3.03
0.71 0.17 0.57 3.21 1.74 3.82
1 INormal renal 0.40 0.85 3.63 1.97 4.32
2 f range 0.53 1.04 4.22 2.81 4.95
3 0.20 0.81 4.18 3.80 4.98
4 J 0.22 3.95 4.89 4.70

two main classes, (a) the analytical method with
simple exponential excretion curves which has
been used extensively by Keating and his associ-
ates (15, 16), and (b) the bulk sample methods

of which a recent example is that described by
Fraser, Hobson, Arnott, and Emery (4).

Keating's method assumes a simple exponential
relation, equivalent to putting 4 = 1 in the pres-

- RENAL RATE tO.ICX -

FIG. 1. TYPIcAL DIAGNOSTIC BORDERLINES DEDUCEDFOR 24-HouR UPTAKE
AND BULK URINE METHODSUSING RADIOIODINE

Curve 1-24-hour uptake 55 per cent, reference (13).
Curve 2-Bulk urine method, euthyroid/probably high borderline T = 12.8,

reference (4).
Curve 3-As above, low/euthyroid borderline T = 2.8.
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ent authors' equations. With this assumption
equation I(7) may be written

kt = I-n I - k (7)

and, by plotting the observed results for the urine
fraction E against the time t in this form on semi-
logarithmic paper, a straight line should result.
Actually since O does not vary very rapidly with
t after the first hour the more precise relation
I(7) also approximates to a straight line over
limited periods of time, and moderate departures
from linearity are easily masked by experimental
errors in the individual determinations of E. A
further masking of these departures can result
from the oral rather than the intravenous adminis-
tration of the test dose, causing "zero" time to be
spread out over a period of some minutes.

If equations I(7) and (7) are compared it is
apparent that the effective average slope of the
experimental curve between two times t, and t2
will be given approximately by

k.ffOoti= k (2t -tlt) (8)

Putting in values (1) of 4) gives the following re-
sults:

Period of
observation

in hours

1 to 10
3 to 24
3 to 72

Approximate
average

rate k.ffective

0.45 k
0.36k
0.32 k

The period up to 10 hours covers all the early
useful range of urine measurements that can be
made on a hyperthyroid patient, while measure-

ments on hypothyroid cases can be extended up

to 72 hours or more. Thus the conversion of ef-
fective (Keating-type) rates to k, or k2 values
depends on the type of case being considered, but
arbitrarily taking the three factors tabulated above
and applying them to some of the published re-

sults (16) for (respectively) hyperthyroid, eu-

thyroid, and hypothyroid cases, lead to k1 and k2
values as shown in Table II. The ranges of k,
show a considerable overlap for the euthyroid
and hyperthyroid groups, possibly caused by
breakdown of organically-bound radioiodine dur-
ing the course of the test in some instances.
From the figures tabulated it is difficult to pick a

diagnostic boundary with any confidence, but the

euthyroid/hyperthyroid border would appear to
be somewhere about 103k, = 3.7 to 4.2 minute-1,
and the euthyroid/hypothyroid border about 10'k,
= 0.5 minute-'. The overall average value of the
renal rate is 103k2 = 2.6 minute-1.

The urinary parameter T taken by Fraser, Hob-
son, Arnott, and Emery (4) may be represented
by

T _ Fraction of dose excreted up to 8 hours
(Fraction excreted from 8 to 24 hours)

X (Fraction excreted from 0 to 48 hours)
which, in the present representation, becomes,
with q5 values inserted (1),

1 - e-247k
T =(e-247k - e-Wk) (1 - e-1Owk) k2/k (9)

Boundary values of T in the original paper (17)
are:

High uptake-T greater than 17.4
Probably high-T greater than 12.8, up to 17.4
Normal-T from 2.8 to 12.8
Low-T from 2.1, but less than 2.8
Very low-T less than 2.1

These values may be produced by putting into
equation (9) the pairs of k. and k2 values shown
in Table III, but of course there is some uncer-
tainty about the exact range of k, values over
which the T parameter may be expected to be
valid. Lacking information on this point it is
assumed that this range would extend, for cases
without renal or cardiac disease, from 103k2 = 0.4
to 4.2 minute-' approximately. The curves cor-
responding to the parameters T = 2.8 and T =
12.8 are shown for comparison in Figure 1.

Early uptake methods

The remaining type of information to be con-
sidered covers those observations made of the thy-
roidal uptake within the first few hours after ad-
ministering the radioiodine.

In this category are several papers with data
that are difficult to convert to the required nu-
merical basis for comparison: thus the results of
Reiss, Haigh, Hemphill, Maggs, Reiss, and Smith
(17) have been excluded for lack of sufficiently
accurate knowledge of their observed neck tissue
uptake and other factors; the uptakes of Lowrey,
Beierwalters, Lampe, and Gomberg (18) in a
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TABLE IV

Resuts obtained on patins tested by protein-bound iodine and radiciodine methods

Rate factor Combined 24-Hour Rate factor Combined 24-Hour
PBI 1O0ki parameter uptake PBI 10'ki parameter uptake

Ag/0oo "a. mixn.- z % |gI/OO ml. mi.-' z %

Cases classed as hypothyroid

0.3 3.1 3.3 17.4
0.5 0 0.8 3.5 0
0.6 0 3.5 0
0.6 0 3.6 0.10
0.7 0.02 3.0 3.6 0

0.9 0 0.4 3.8 0 15.4
1.0 0 1.7 3.8 0.21
1.0 0 2.6 3.9 0.18 6.1
1.1 0 14.3 4.4 0 2.10
1.2 0.17 8.2 4.5 0.16 3.66
1.8 0.10
2.0 0.03 1.2 5.2 0.06 3.282.1 0.23 17.6 5.5 3.92.5 019 1 6

5.8 0.08 3.56 12.5
2.7 0.28 6.6 3.3

2.7 0 4.8 0 1.2
2.9 0.10 1.0 0 1.7
2.9 0.18 0 4.0
3.0 0.16 15.2 0.05 2.0
3.2 15.0 0.11 7.7

Cases classed as euthyroid

2.5 1.15 4.22 4.5 0.81 32.0
2.8 2.30 4.70 4.6 0.65 22.9
3.0 1.71 5.86 4.6 0.21 3.84 15.9
3.2 0.80 4.23 31.2 4.6 0.65 20.0
3.2 0.75 4.19 26.0 4.6 0.25 44.2

3.2 0.40 3.84 19.0 4.6 0.31 17.4
3.2 23.6 4.6 1.90 54.0
3.4 0.65 4.17 33.5 4.7 0.28 17.5
3.8 1.86 43.3 4.7 0.74 41.4
3.9 0.43 4.07 4.7 0.34

4.0 0.24 13.4 4.7 30.7
4.0 0.58 4.7 12.7
4.0 0.52 4.8 0.71
4.1 1.18 4.8 1.81 40.6
4.1 0.52 4.9 21.9

4.2 0.22 3.77 5.0 1.56
4.2 0.75 5.0 0.25 17.0
4.2 1.28 5.0 1.83 10.7
4.2 0.33 5.0 0.32
4.2 0.55 18.0 5.0 0.49 24.1

4.3 0.62 5.1 0.17 3.83
4.3 0.29 15.8 5.1 0.45
4.4 1.10 42.3 5.2 1.40
4.4 0.75 5.2 1.20
4.5 0.29 25.7 5.2 1.35

4.5 0.27 12.7 5.2 0.32
4.5 0.61 31.4 5.2 17.4
4.5 0.84 31.1 5.2 38.9
4.5 0.67 5.3 0.25
4.5 0.42 14.5 5.3 0.61
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TABLE Iv-Continued

Rate factor Combined 24-Hour Rate factor Combined 24-Hour
PBI 1O'ki parameter uptake PBI 1O'k, paramete uptake

Ag/lOO ml. miS.1i z % Pg/100 ml. min.-1 z %

Cases classed as ethyroid-Continued

5.3 0.65 21.1 5.9 0.46
5.3 0.95 6.0 0.92 18.7
5.3 0.28 6.0 0.66
5.4 0.61 6.0 0.28
5.4 0.56 6.3 1.01

5.4 0.91
6.4 0.38 18.4

5.5 0.22 4.06 45.4 t 6.4 0.80 25.05.5 0.22 '4306 6.4 0.65
5.5 0.99 3. 6.5 3.80
5.5 0.36 23.8 6.5 0.70

6.5 11.1
5.5 0.31 6.8 0.52 21.5
S.5 30.0 6.9 3.30
5.6 0.18 3.97 7.8 7.0 1.75
5.6 1.16 33.9 7.2 0.41 30.0
5.6 0.71 29.1

7.2 7.2
5.6 0.81 7.4 0.57 24.2
5.6 0.68 17.5 7.4 0.61 28.0
5.7 0 2.39 10.3 7.5 0 2.74
5.7 2.66 7.5 22.9
5.7 0.59

7.6 1.10 22.4

S.7 1.93 41.3 ~~~~~7.8 0.34 15.9
5.8 0.48 421. 7.9 2.08 32.45.8 0.4861. 8.0 0.50 26.2
5.8 0.634 8.0 1.70 37.6
5.8 0.43 8.2 0.24

9.8 0.71 5.50
5.9 1.19 31.3 10.0 11.1
5.9 0.55 10.1 14.0
5.9 2.40 13.3 0.73 6.03 36.9
5.9 1.60
5.9 3.40 27.7 0.51 26.2

Cases ckassed as hyperthyroid

5.8 6.0 10.6 9.8
5.9 4.1 12.0 11.0
8.2 4.6 12.2 9.0
8.3 15.3 13.0 16.0
9.3 15.8 13.6 17.5
9.7 7.0
9.8 20 0 15.4 24.0
9.9 J- 16.8 14.3

10.2 16.U 17.2 34.7
10.4 4.0 17.7 32.6

small group of children have been omitted for
similar reasons; and Crispell, Parson, and
Sprinkle (19) have given too meagre details of
their counting arrangement.

Apart from the above, there are the Melbourne,
Australia, figures of Clarke and Aujard (20)
who give a euthyroid/hyperthyroid borderline
value of 4.5 to 5.0 per cent for the increase in thy-

roid uptake between 15 and 25 minutes after in-
jection; since they applied a correction for neck
tissue counts, based on thigh counts at frequent
intervals, one can express this limit in the present
terminology as

(e-17.7k - e-26.lk) k1/k = 0.0475

using the values of pt presented earlier (1).
(10)
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TABLE V

Information from early uptake observatios

Rate factors in minute-'
Number

Authors of cases Diagnostic category lOki range 1OMk2 range lOks mean

Berson, 5 Hypothyroid 0.00-0.32 0.70-2.95 2.01
Yalow, 87 Euthyroid 0.30-3.51 0.88-4.24 2.65
Sorrentino, 18 Hyperthyroid 5.5 -38.7 0.42-3.85 2.42
and Roswit (22) 110 All categories 2.59

14 Hypothyroid, cardiac 0-0.21 0.04-1.10 0.40
28 Hypothyroid, non-cardiac 0-0.28 0.08-2.30 1.21
52 Euthyroid, cardiac 0-1.83 0.02-3.59 0.94

This 75 Euthyroid, non-cardiac 0.18-3.80 0.09-3.90 1.53
paper 1 Hyperthyroid, cardiac (9.0) (0.73) 0.73

22 Hyperthyroid, non-cardiac 4.0-34.7 0.02-4.7 1.82
67 All categories, cardiac 0.84

125 All categories, non-cardiac 1.51

For k2 in the expected range (0.4 to 4.2 X
10- minute-1) it is easily shown that k, needs to
be between 6.6 and 7.2 x 10-3 minute-1 to satisfy
this relation.

By a similar line of reasoning, figures given by
Kriss (21) for the net uptake in a few patients
one hour after injection lead to a euthyroid/hy-

perthyroid borderline of k1 ranging from 2.5 to
2.8 x 10- minute-1; in his paper Kriss makes no
mention of the application of any corrections for
loss of radioiodine left behind in the injection
syringe or for absorption and backscatter in the
patient, so the accuracy of these figures is in
doubt.

:' 1 -02 Q0304 4 *2 *3 4 5
RENAL RATE 103 k2

FIG. 2. EXPERIMENTALRESULTS OF BERSON, YALoW, SORRENTINO, AND
RosWIT

X Hyperthyroid 0 Euthyroid A Hypothyroid
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Finally, test results for the New York area
are given in the paper by Berson, Yalow, Sor-
rentino, and Roswit (22), nominally in the form
of clearance rates calculated assuming a constant
ratio of W/V,0 = 5.0 kg./litre; since full data are
tabulated these rates are easily converted back to
k, and k, values by using equation I(4), with the
results given in Table V and Figure 2.

CLINICAL RESULTSOBTAINED BY THE AUTHORS

Using the methods previously described (1, 2),
a number of hospital patients have been examined
to relate their thyroidal status to the observed
rate factor k1; the results are given in Table IV.
The status of each patient was decided inde-
pendently: (i) on clinical grounds; (ii) on the
basis of a protein-bound iodine determination,
with tentative borderlines of hypothyroid/euthy-
roid PBI = 4.0 micrograms iodine per 100 ml.
and euthyroid/hyperthyroid PBI = 8.0; and (iii)
by the radioiodine test with tentative k, limits
chosen from the published data discussed above.
To decide a few clinically doubtful cases equal
weight was given to the PBI and Il31 tests, ex-

2
.

0

0 -.|

pressing the combined diagnostic parameter in
the form

Z = (PBI)i + 1.28 logio (10' ki) (11)

with diagnostic values of Z = 3.72 for the hypo-
thyroid/euthyroid borderline, and Z = 6.17 for
the euthyroid/hyperthyroid boundary.

This type of parameter was adopted because a
plot of the mean experimental values showed an
approximate linear correlation between the square
root of the PBI and the logarithm of the observed
k1. Figure 3 shows this relation, where each
point plotted is the mean of about fifteen obser-
vations.

Table V summarizes the numerical values
found for k, and k2 for patients in various cate-
gories and Figure 4 shows these results in the
form of a chart. The low values of the renal
rate factor k2 included in Figure 4 arise mainly
from the inclusion of cardiac cases.

In some of the tests additional information has
been obtained in the form of the percentage up-
take of Il31 at 24 hours after injection, and, in a
few cases only, the PBI313 "conversion ratio" at
72 hours as described by Silver, Fieber, and Yo-

FIG. 3. MEANEXPERIMENTALPOINTS PLOTTEDTO SHOWTHE APPROXIMATERELATION
BrrWEEN PBI AND RATE FACTORK,
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ENAL RATE 103 k2
PERINTAL RESULTS OBTANEDBY THE AUTHORS

Euthyroid A Hypothyroid

halem (23); the 24-hour uptakes are included in
Table IV for purposes of comparison.

DISCUSSION

Renal rate factor k2

From the experimental data described above
there seems to be little evidence that the renal

rate (k2 or r) has any significant effect on the
thyroidal rate (k1 or g) for a given thyroid status;
this is shown most clearly by Figures 2 and 4, in
which horizontal borderlines, parallel to the k2
axis, are adequate to separate the euthyroid cases

from the other groups.

However, the diagnostic borderline values of k,
deduced from the 24-hour uptake method, or from
the bulk urine method (see Table III and Figure
1), do depend on the value selected for k2; thus if
a constant 24-hour uptake borderline is to be as-

sumed, k, must increase if k2 increases, and there
is another different relation between k1 and k2 if
a constant urinary parameter is assumed. Figure
1 illustrates these effects, showing curve 1 con-

cave upwards and curve 2 downwards, and it is
apparent that both curves cannot be correct over

the full range of k2 values, and one must choose
some particular average value.

If cases with known cardiac or renal disease
(10) are excluded, the following mean values of
k2 are to be considered:

Reference number 22 15, 16 9 3

Number Of cases 110 169 25 24

Mean value 0I k2 2.59 2.6 2.02 1.84

This paper

125

1.51

A value of k2 = 2.2 x ls minute-l has there-

fore been taken as the weighted mean rate to be
used in the conversion of parameters.

Degree of agreement for boundary values of k1

On examination of Figure 4 it is evident that a

horizontal borderline at k, = 3.9 X 1i0 minute-
can be drawn to separate euthyroid and hyper-
thyroid cases, and another line at k, = 0.23 x 10-
minute-' distinguishes (with some over-lapping)
between euthyroid and hypothyroid cases. Figure

I.

F.I-. 4.Ex

X HYPOTHy

'1 I I
S oI -02 e(X

Re

FIG. 4. Exi
x Hyperthyroid
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TABLE VI

Comparison of diagnostic borderline valus of k,

Value of
Reference Method of Diagnostic 1Oki in
number study border minute-

3,5,9 Early clearance Hyperthyroid/ 3.7
rates euthyroid

22 Early uptake Hyperthyroid/ 3.6-4.1
euthyroid

Low/euthyroid 0.30
1, 2 and Early uptake Hyperthyroid/ 3.9

this paper euthyroid
Low/euthyroid 0.23

4 Urine Probably high/ 4.2*
euthyroid

15, 16 Urine Hyperthyroid/ 3.7-4.2
euthyroid

13 24-Hour uptake Hyperthyroid/ 3.0*
euthyroid

20 Very early Hyperthyroid/ 6.9*
uptake euthyroid

21 Early uptake Hyperthyroid/ 2.7*
euthyroid

* For k2 = 2.2 X 10-8 minute-.

2 similarly gives a border somewhere between
k, = 3.6 to 4.1 x 10-3 minute-' for the data pub-
lished by Berson, Yalow, Sorrentino, and Roswit
(22). These results, and the others discussed
earlier, are all compared in Table VI. For the
hyperthyroid/euthyroid border the mean k, from
the table is 4.0 x 10-3 minute-', but for the vari-
ous reasons given above it is felt that less weight
should be given to the last three entries in the
table. Moreover, the hypothyroid/euthyroid
border of 0.30 x 10-3 minute-' found from Figure
2 is based on only 5 low-uptakes cases, while the
value of 0.23 x 10-8 minute-' from Figure 4 is the

result of 39 cases. Accordingly, the values finally
selected for diagnosis are those given in Table
VII, in which are included further limits suggested
to distinguish cases of "very low" and "very
high" thyroidal activity.

There is a good deal of experimental evidence
supporting the value of k, = 3.85 x 10-r minute-'
adopted for the euthyroid/hyperthyroid diagnostic
borderline, and it is felt that this value should be
substantially correct.

For comparative purposes the corresponding
limits for the clearance rate, the protein-bound
iodine, and the 24-hour per cent uptake are also
tabulated, but the latter values are not recom-

mended for general application because of their
dependence upon the renal rate factor k2 and upon

the type of collimator used with in vivo counting
equipment. The limits tabulated for the protein-
bound iodine test are those that give the best
overall diagnostic agreement for the 174 cases

tabulated in Table IV.

Diagnostic results

When the limits in Table VII are applied to
the cases listed in Table IV and to a few others
for which data have been accumulated from two
or more independent tests, the percentage of ap-

parently successful diagnostic results is 87 for the
PBI determination, 94 for the k, test, and 88 for
the 24-hour uptake tests when the latter is applied
only to hypothyroid and euthyroid cases.

The few cases in which the PBIl31 "conver-
sion ratio" was tried were also nearly all euthyroid
and low-uptake patients; the apparent success of

TABLE VII

Diagnostic borderline values finaly adopted

Thyroid borderline status

Very low Low Euthyroid High
Parameter Low Euthyroid High Very high

Uptake rate 10 k1 minute7l 0.09 0.23 3.85 9.9
Thyroidal plasma clearance rate*

g ml./min. 1.5 3.7 63 160
24-Hour uptake per centt 3.9 8.0 62t 82t
Protein-bound iodine§

jug per 100 ml. 2.8 3.9 8.2 10.0
Combined PBI and k,

(PBI)i + 1.28 logio (106 ki) 2.90 3.72 6.17 7.00

* For Vao = 16.3 litre, see section 3 (a).
t Strictly for the collimator system described (1, 2); these values will not apply for open collimation.
t Use of this parameter is not recommended for reasons given in section 3 (b).
§ For best diagnostic results for the cases tabulated in Table IV.
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this method (66 per cent) in this group was not
very high, but of course better results might be
obtained in sorting out hyperthyroid from euthy-
roid individuals.

Both the protein-bound iodine determination
and the measurement of the rate of uptake of I'll
are seen to give reasonably satisfactory results;
in addition the 24-hour per cent uptake of Ils is
useful particularly for cases of low thyroidal ac-
tivity where difficulty is experienced in making a
complete collection of urine. As is well known,
all of these tests can be spoilt by iodine or cer-
tain other types of medication, and great care is
necessary to exclude this possibility. Finally,
therapy with radioiodine may affect the subse-
quent tests in at least two ways: 1) There may be
a residual amount of radioactivity in the thyroid
gland, and this must be deducted from the ob-
served amount taken up from the tracer dose; 2)
in addition it may take a fairly long time for the
stored protein-bound iodine to reach equilibrium
at a new low-level value, even though the thyroidal
uptake rate is lowered as the result of therapy.

SUMMARY

A series of 180 patients has been examined to
determine their thyroidal status by the chemical
protein-bound iodine and radioiodine methods, us-
ing the thyroidal uptake rate factor calculated from
in vivo observations at 1, 4, or 24 hours after ad-
ministration of the tracer dose. Good agreement
has been found between the two methods in most
cases.

The experimental results, and those of others
using some other radioiodine methods, are used
to derive suggested diagnostic borderline values
of several parameters in common use.
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