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At least two distinct mechanisms appear to be
responsible for accumulation of iodine by the thy-
roid gland. The first, called the "iodide trap"
by Vanderlaan and Vanderlaan (1), involves the
concentration, presumably within the thyroid cells,
of inorganic iodide obtained from the circulating
blood. The second, called hormonal synthesis,
involves the utilization of the trapped iodide for
the synthesis of organic iodine compounds (chiefly
diiodotyrosine and thyroxine) which are then
stored in the colloid in thyroglobulin.

Vanderlaan and Vanderlaan (1), and Taurog,
Chaikoff and Feller (2) have shown in the rat
that, even after hormonal synthesis has been
blocked by an antithyroid drug such as propyl-
thiouracil, the thyroid concentrates relatively large
quantities of radioiodine. The radioiodine so
concentrated remains in the form of iodide and
Taurog and associates have shown that it leaves
the thyroid at a rate which parallels the decrease
of radioiodine in the blood, suggesting that an
equilibrium exists between the two. This ability
to concentrate radioiodine can be promptly abol-
ished by the administration of thiocyanate, which
thus appears to act as a specific poison to the
iodide trap.

The iodide-concentrating function has been
studied in the human thyroid by Stanley and
Astwood (3), who gave tracer doses of I'sl' some
hours after administration of a dose of mercap-
toimidazol or propylthiouracil. Significant con-
centration of radioiodine occurred in the thyroid,
reaching a peak in one to three hours, thereafter
decreasing and largely disappearing within 24
hours. Administration of potassium thiocyanate
after the curve of iodine concentration in the
thyroid had reached a maximum was followed
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by abrupt disappearance of the radioiodine from
the thyroid within an hour.

The foregoing is in marked contrast to the
manner of accumulation of radioiodine by the
untreated thyroid gland (4, 5). The accumula-
tion of radioiodine in the unblocked thyroid can
be expressed by an exponential curve which levels
off between 24 and 48 hours and thereafter the
quantity present in the thyroid diminishes grad-
ually over a period of several weeks. Hyper-
functioning glands accumulate radioiodine both
more rapidly and in larger quantities than normal
glands and subsequently lose the radioiodine more
rapidly than normal glands. Analyses of thyroid
tissue removed 48 or more hours after adminis-
tration of a dose of radioiodine reveal that more
than 90 per cent of the radioiodine present is
organically combined (6). Taurog and Chaikoff
(7) have shown that the untreated thyroid gland
of the rat converts the radioiodine which it ac-
cumulates to organic form with astonishing rapid-
ity, 95 per cent of the quantity present in the
thyroid being organically bound as early as 15
minutes after the dose has been given. The ac-
cumulation curve of the untreated thyroid gland
may thus be regarded as reflecting both the
iodide-trapping and the synthetic function, but it
seems probable that both the maximal point in
the curve and the rate at which accumulation
occurs reflect hormonal synthesis more than
trapping.

The accumulation of iodine by the human thy-
roid as disclosed by radioiodine has been shown
to vary significantly in varying states of thyroid
activity (4, 8, 9) and has attracted attention both
as an aid in diagnosis of thyroid disease and more
importantly as a new approach to the clinical
study of normal and disordered thyroid function.
It represents a distinctly different aspect of thy-
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roid function than other measures of thyroidal
activity ordinarily employed clinically, such as

protein-bound iodine, basal metabolic rate and
blood cholesterol.

In vivo measurement of the quantity of radio-
iodine in the thyroid involves a number of tech-
nical difficulties. In order to convert the counts
recorded by a suitable Geiger counter to absolute
terms such as microcuries or percentage of the
dose given, in vivo measurements must be com-

pared with suitable standards. Account must be
taken of the stability and efficiency of the count-
ing tube employed, the geometric relation of the
apparatus to the subject, the depth and dimen-
sions of the thyroid, the radioactivity in other
parts of the body and such factors as absorption
and scattering of photons by the thyroid and the
tissues which surround it. In vivo measurement
is thus subject to observational errors of consid-
erable magnitude.

A number of investigators have dealt with these
problems. In 1940 Hamilton and Soley (4)
made the first attempt to determine the absolute
amount of I18l collected in the thyroid. Their
method consisted in measuring the radioactivity
over the anterior and posterior (seventh cervical
vertebra) aspects of the neck. The ratio of these
values represented the proportion of radiation
from the thyroid which penetrated to the back of

the neck. The "correct" value for the radio-
activity in the thyroid was calculated from this
by comparison with a suitable standard of radio-
iodine. In 1946 Seidlin, Marinelli and Oshry
(10) shielded their Geiger counter with 1.91 cm.

of lead and measured the radioactivity through a

window in the lead shield. The difference be-
tween the reading with the window open and
that with the window plugged with a 1.91 cm.

thickness of lead represents the radioactivity of

the region being measured. The absolute value
was then determined by comparing this reading
with that of a known amount of 1I13. In 1947

Quimby and McCune (11) made absolute meas-

urements by placing their Geiger counter directly
over the neck and comparing these readings with

those of known samples in a "phantom."
The iodine-accumulating function of the thyroid

has been estimated from in vivo observations in

various ways: 1) by measuring the quantity of
radioiodine maximally accumulated (4, 8, 9);

2) by measuring the quantity accumulated in
some selected period (10, 11); 3) by observing
the relative form and magnitude of the iodine-
accumulation curve (4, 5); 4) by estimating
from this curve an arbitrary accumulation gra-
dient (12); or 5) by determining the rate con-
stant of the exponential accumulation curve (5).
Since Hamilton and Soley had shown that most
of a dose of radioiodine was either collected by
the thyroid or excreted in the urine, some observ-
ers (13) have employed measurements of the
quantity excreted in the urine in a selected period,
usually 48 hours, to estimate the proportion of
the dose collected by the thyroid. There appears
to be need for data regarding the relationships of
such diverse observations to one another and
their individual validity as quantitative measures
of iodine-accumulating function.

Keating, Power, Berkson and Haines (14) esti-
mated from the curve of urinary excretion of
radioiodine two values: (a) the asymptotic quan-
tity in the urine, which they termed the "renal
fraction"; (b) a rate constant, which they con-
sidered to represent the disappearance rate of
radioiodine from blood. The product of these
values, which they called "renal excretion rate,"
they regarded as the most direct measure of renal
function with regard to iodide excretion. The
difference between excretion rate and disappear-
ance rate represented disposal of iodine by all
tissues other than the kidneys, and was called
"collection rate"; a more exact term would have
been "extrarenal disposal rate." In so far as the
thyroid is the most important site for the extra-
renal disposal of iodide, the latter value should
provide an index of the rate of iodine accumula-
tion by the thyroid. In support of the interpre-
tation of Keating and co-workers, McConahey
and associates (15) determined the rate of dis-
appearance of radioiodine from blood directly
from measurements of samples of plasma and
found good agreement with estimates of this value
obtained from curves of urinary excretion by the
method employed by Keating, Power, Berkson
and Haines. Luellen and co-workers (5) ob-
served that the rate constants estimated from
curves simultaneously obtained from: 1) in vivo
observation of radioiodine in the thyroid in counts
per second; 2) measurement of radioactivity in
peripheral tissues (the thigh); and 3) urinary
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excretion of radioiodine, all appeared to be the
same as the rate of disappearance of radioiodine
from blood as determined directly. It was sug-
gested therefore that in vivo observations of radio-
iodine in the thyroid might be analyzed in the
same manner as the data for urinary excretion of
radioiodine. Thus the product of the asymptotic
quantity in the thyroid (expressed as a fraction
of the dose given) by the disappearance rate of
radioiodine from blood gives the quantity iodine-
accumulation rate analogous to the quantity renal
excretion rate.

It is the purpose of this communication: 1) to
describe an empirical method for measuring in
vivo the quantity of radioiodine in microcuries
collected by the human thyroid gland; 2) to pre-
sent methods for estimating the iodine-accumula-
tion rates from such data; and 3) to compare
iodine-accumulation rate with other measures of
the iodine-accumulating function of the human
thyroid which may be derived from in vivo obser-
vations and studies of urinary excretion after oral
administration of radioiodine.

METHODS

Radioiodine emits both beta and gamma radiation. The
beta radiation will not penetrate much more than 2 or 3
mm. of tissue before being totally absorbed, whereas a
large proportion of the gamma radiation will penetrate
the tissue and continue in air for several meters. Since
the gamma radiation will be emitted uniformly in all
directions, its intensity at any distance from the gland
should be inversely proportional to the square of the
distance, provided one assumes the thyroid to be small
enough to be considered a point source. Hence, by
placing the Geiger counter at two different distances, P
and Q, from the neck one should obtain two intensities,
I, and Iq, which would be inversely proportional to the
squares of the distances, A and B, from the focus of
radiation to the effective portion of the counter. How-
ever, the measurable distances, P and Q, are only from
the surface of the skin to the outer surface of the
counter. There remains a nonmeasurable portion, x,
which represents the depth of the thyroid from the sur-
face of the skin plus the depth of the effective portion of
the counter from its surface. It is obvious then that:

A =P+x, 1

B =Q+ x, 2

where A and B are the true distances. The relation of
these quantities to each other is given by the equation

A2 (P + X)2 1_q 3
B2 (Q+X)2I

and x, and hence A and B can be calculated from it
when P, Q, I, and I4 have been measured.

To quantitate the measurements in millicuries or micro-
curies, the foregoing procedure is first used with a known
standard of I's'. The Geiger counter being thus cali-
brated, it is possible to compute the amount of I131 in
the thyroid in millicuries or microcuries. It must be
added that the background radiation is measured after
each setting with a lead cylinder 5 cm. long and 9 cm.
in diameter (which absorbs more than 99 per cent of
the radiation going from the thyroid to the counter)
interposed between the area that is being measured and
the counter. This reading includes the cosmic radiation,
radiation from the thyroid which has been scattered into
the counter from other parts of the body, and direct
radiation from I'31 located in parts of the body other
than the area being measured. The measurements were
carried out with the apparatus and general procedure
previously described by Luellen and associates (5). An
empirical correction was made for radioiodine in the neck
and not in the thyroid by subtracting twice the value of
radioactivity recorded in the thigh. Except in the case
of comparatively small accumulation in the thyroid, the
latter correction is relatively insignificant.

To determine the extent to which geometric relations,
absorption and backscatter affect the measurements, sam-
ples of I'31 solution of similar activity but of different
diameters were embedded in paraffin phantoms (1, 3 and
6 cm. diameter and 0.5 cm. deep). It was found that
when distances (P and Q) of 25 and 45 cm. were used
the "inverse-square" relationship was valid to within + 5
per cent. When the I131 was not more than 3.5 cm.
below the surface, absorption of the radiation by the
paraffin above the solution was compensated for by the
backscatter from below and lateral to the source. For
depths greater than 3.5 cm. the absorption was greater
than the backscatter and the apparent amount of radio-
activity decreased approximately 4 per cent per centi-
meter of paraffin. Hence it would appear that this
method of determining the amount of I131 in the thyroid
should give results which are correct to within + 15
per cent.

Serial in vivo observations were made of 30 subjects
including 11 patients who had myxedema,3 five euthyroid
patients who had low-grade thyroid tumors, seven pa-
tients who had adenomatous goiter without hyperthy-
roidism and seven patients who had exophthalmic goiter.
One or more in vivo observations were made on 26 addi-

3 The 11 cases of myxedema included in this study
were all instances of severe spontaneous or postoperative
myxedema in which in vivo studies did not show any
measurable accumulation of radioiodine in the thyroid
region. Certain cases of myxedematous states have been
observed in which varying degrees of iodine accumula-
tion, sometimes of surprising extent, were observed in
the thyroid. For the most part these included cases of
thyroiditis, struma lymphomatosa and cyanate goiter.
Such cases have been omitted from this study and will
be made the subject of subsequent reports.
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tional persons: 11 euthyroid patients who had thyroid
tumors, six patients who had adenomatous goiter without
hyperthyroidism and nine patients who had exophthalmic
goiter. In all instances, the urine was carefully collected
and analyzed for radioiodine in the manner described by
Keating and associates (14).

As in previous studies, both tracer and therapeutic
doses are included in the series, careful comparison of
the behavior of tracer versus therapeutic amounts in
patients receiving both having failed to disclose con-

sistent or significant differences either in the quantity of
iodine initially accumulated by the thyroid or in the
kinetic relationships involved during the first day or two
after administration of the dose.

In the interest of clarity the various values employed
in this paper may be defined as follows: From the curve

of urinary excretion of radioiodine are derived (1) the
renal fraction (Qf), defined as the asymptotic (t =

infinity) quantity of radioiodine excreted in the urine
expressed as a fraction of the dose; (2) the disappearance
rate (r), defined as the proportional rate at which radio-
iodine disappears from the blood into all sites of dis-
posal; (3) the renal excretion rate, defined as the pro-

portional rate of excretion of radioiodine by the kidneys
(This is obtained by taking the product of the renal
fraction and the disappearance rate [Qf X r].); (4)
the extrarenal disposal rate, which in previous publi-
cations was called "collection rate," defined as the pro-

portional rate of disappearance of radioiodine into all
sites other than the urine. This is obtained by subtract-
ing the renal excretion rate from the disappearance rate

(r 11 - WD.
From the curve of accumulation of the radioiodine by

the thyroid as measured in vivo can be obtained (5) the
thyroid fraction (Qtf) defined as the asymptotic (t =

infinity) quantity of radioiodine accumulated by the thy-
roid expressed as a fraction of the dose; (6) the disap-

pearance rate (r) defined as in the previous paragraph;
(7) the iodine-accumulation rate, defined as the propor-
tional rate of accumulation of iodine by the thyroid (This
is obtained by taking the product of the thyroid fraction
and the disappearance rate [Qtf X r].); (8) the extra-
thyroidal disposal rate, defined as the proportional rate
of disappearance of radioiodine into all sites other than
the thyroid. This is obtained by subtracting the accu-
mulation rate from the disappearance rate (r [1 - Qtf ).

The renal fraction and the disappearance rate were

estimated from observations on urine as previously de-
scribed (14). The thyroid fraction and the disappearance
rate have been estimated from in vivo observations of the
thyroid as described by Luellen and his associates (5),
except that the quantities in the thyroid have been ex-

pressed in actual terms as percentage of dose instead of
in relative terms as counts per second.

Reference will also be made to (9) accumulation gra-

dient, a term coined by Stanley and Astwood (12) and
defined by them as the slope of a line obtained by plot-
ting thyroid accumulation of radioiodine in counts per

second per 100 microcuries of dose against the square

root of time. The value is obtained by dividing the in-
crease in counts per second during a given period against
the number resulting from subtracting the square root of
time in minutes at the beginning of the period from the
square root of time in minutes at the end of the period.

RESULTS

In Table I are summarized the means of the
various values estimated from the curve of urinary
excretion and from the curve of in vivo observa-
tions obtained simultaneously over the thyroid.
For comparison are included (10) the mean

quantities of iodine observed in the thyroid 12

TABLE I

Comparison of various values derived from serial observations of urinary excretion
and thyroidal accumulation of radioiodine

Values from urinary excretion curve Values obtained from thyroidal curve

Basal (6) (7) (9) (9) ~~~~~~~~~~~~~Quantity| | Basal 1 (1)|* (2) (3) (4) (5) n6)(7) (8) (9) | n
Diagnosis Cases metabolic Extra E to

rate Renal Disap- Renal renal Thyroid Disap- Accumu- xr- thyroidaAcu -afe
fraction pearance excretion dipslfraction pearance lation thyroidal acumu12afters

WD rate rate disposal rate rate dipoale glationt1or(r) (QdfXr) WI -Q-A) (r) (Qf Xr) (r[i _QtfJ) __

per cent per cent/ per cent/ per centi per cent per centi per cent/ per centi per cent
per cent of dose hour hour hour of dose hour hour hour of dose

Myxedemat 11 -26.7 -43.2t 86.4 12.0 5.6hi0.4 4.7 40.5 0.9 +0.3 0 o
Euthyroid pa-

tients who had
thyroid tumors S 0h4.4 68.4 1.2 11.5 41.7 7.8hi1.0 3.7 u0.7 18.5 h4.6 12.5 h0.8 2.4 L0.7 10.14-1.1 3.1i40.5 14.8 +4.2

Adenomatous
goiter without
hyperthy-
roldism 7 - 2.9+2.3 57.3 i6.3 14.0O41.0 7.8 :40.8 6.2 41.3 29.5h44.7 14.2-i1.7 4.6 =1.3 9.6 §0.5 6.0 i1.5 23.6=i4.2

Exophthalmic
goiter 7 +32.7 h2.6 31.2 h5.6 29.7 46.5 8.0 41.0 21.6 46.3 56.3r:i5.8 34.1 i6.7 20.2 45.6 13.9 42.6 24.9-45.1 49.8 i:5.0

* The numbers refer to the definitions given in text above.
t The cases of myxedema selected all failed to show measurable collection in thyroid. See Footnote 3.
t The values given are the means and the standard errors of the means.
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hours after administration of the dose, and the
accumulation gradient as defined by Stanley and
Astwood (12).

Of the ten values shown in Table I, eight vary
significantly with variations in thyroidal activity
and two do not. Renal excretion rate (3) is
regarded as a measure of renal function with
respect to iodine. Extrathyroidal rate of dis-
posal (8) measures the rate of disposal of iodine
by all tissues other than thyroid, including kid-
neys. As noted elsewhere, the mean disappear-
ance rates (2 and 6) obtained by the two types of
observations do not differ significantly.

Attention is called particularly to the magni-
tude by which the mean values differ in various
states of thyroid activity. The renal fraction (1)
is twice as high in the euthyroid patients as in the
group having exophthalmic goiter but only a
fourth higher in myxedema than in the euthyroid
patients. The thyroid fraction (5) on the other
hand is 3.0 times as great in exophthalmic goiter
as in the euthyroid group. It will be noted that
the quantity of iodine actually observed in the
thyroid after an arbitrarily selected interval (12
hours), also varies by about the same amount,
being 3.4 times as great in exophthalmic goiter as
in the euthyroid group.

Disappearance rate (2 and 6) is 2.6 times as
high in exophthalmic goiter as in the euthyroid
group, extrarenal disposal rate (4) is 5.5 times
as high in exophthalmic goiter as in the euthyroid
group, while the accumulation rate (7) differs by
a factor of 8.4 and Stanley and Astwood's accu-
mulation gradient (9) by a factor of 8.1.

It will be noted that the values for the group
having adenomatous goiter without hyperthyroid-
ism are to some degree intermediate between
euthyroid and hyperthyroid groups. It was ob-
served that large adenomatous goiters tended to
show increased avidity for iodine even in the
absence of clinical evidences of hyperthyroidism.

The foregoing data were accumulated from
serial in vivo observations obtained pver a period
of several days. Such serial observations provide
a method of evaluating disappearance rate as
described by Luellen and associates (5) and also
for assigning a value to the thyroid fraction.
Sufficient observation to enable one to construct
a reasonably accurate curve is quite time-consum-
ing both to patient and to observer and ties up

the apparatus for the greater part of two days.
Even so, there is likely to be an annoying hiatus
in the curve unless observations are also made
during the night. For these reasons a less time-
consuming method for evaluating iodine-accumu-
lation rate might have some advantages.

Since the rate of disappearance of radioiodine
from blood can be calculated from measurements
over thyroid, peripheral tissues, urine or blood,
one should be able to calculate with reasonable
accuracy the value of thyroid accumulation rate
from (a) a single accurate measurement over
the thyroid made during the period of radioiodine
accumulation, and (b) the value for disappearance
rate calculated from urine as described elsewhere.
The thyroid fraction can be approximated from
the curve of urinary excretion and a single in vivo
measurement from the equation Qtf/Qsf = Qt/Qu
where Qt is the quantity measured in the thyroid,
Qu the quantity excreted in the urine up to the
time of the thyroid measurement, Qtf the thyroid
fraction and Quf the renal fraction. Accumula-
tion rate estimated in this way is probably less
accurate than an estimate based on serial observa-
tions in tivo, for the reason that a value based
on a series of such measurements is less dependent
on the error of any one observation than is a value
based on a single observation.

In Table II are shown mean values for accu-
mulation rate for the same groups of cases in-

TABLE II

Comparison of accumulation rates estimated
by twio methods

Accumulation rate

Estimated Maso
Group Cases Estimated from individualGroup cases from serial urinary individualin uivo curve and differences

observations one in vivo
over the observation
thyroid over the

thyroid

per cent/hour per cent/hour per cent/hour
Euthyroid

patients who
had thyroid
tumors 5 2.4 40. 7 2.6±F0.8 +0.2 t 0.2

Adenomatous
goiter with-
out hyper-
thyroidism 7 4.6 ± 1.3 4.2±L0.9 -0.4±40.5

Exophthalmic
goiter 7 20.2±4 5.6 18.0±i4.4 -2.2 ± 1.6

* The values given
errors of the means.

are the means and the standard
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TABLE III

Accumulation rates estimated in a second series of patients
from urinary excretion and single observations

in vivo over the thyroid

(1) (5) (4) (7)
Basal B~Disap- Eetr-Accumui-Group Cas metabolic eartion ecer enal lation
rate frcinrate rate rate

per cent per cod/ per cod/ per cmd/
per cent of dose hour hour hr

Euthyroid patients
who had thyroid
tumors 11 -4.0±3.2* 64.940.8 9.6±0.3 3.4±0.2 2.6±L0.3

Adenomatous
goiter without
hyperthyroidism 6 + 0.8±2.1 50.9±8.2 11.8±2.1 6.242.2 4.7±2.0

Excophthalmic
goiter 9 +32.9±3.4 27.8±6.1 28.6±5.3 22.8±I 6.3 19.8±5.5

* The values given are the means and the standard
errors of the means.

cluded in Table I, comparing estimations based
entirely on in zvvo measurements with estimations
in the same cases made in the manner just enu-
merated. The values obtained with each method
agree fairly well with each other.

Table III shows accumulation rates for a second
group of cases, estimated from urinary excretion
curves and single in vivo observations over the
thyroid. For comparison the various values ob-
tained from the urine alone are also included.
The same relationships noted in the first group
(Table I) hold here; namely, that the most strik-
ing differences are encountered in the accumula-
tion rate and the extrarenal disposal rate.

If all of the iodine given to the patient either
appeared in the urine or was collected by the
thyroid, then (a) renal fraction (1) plus thyroid
fraction (5) should equal 100 per cent; (b) extra-
renal disposal rate (4) should equal accumulation
rate (7); and (c) extrathyroidal disposal rate
(8) should equal renal excretion rate (3). How-
ever, it is found that this is not the case. Renal
plus thyroid fractions consistently total less than
100 per cent, extrarenal disposal rates are con-
sistently larger than accumulation rates, and ex-
trathyroidal disposal rates are consistently larger
than renal excretion rates. The difference be-
tween the sum of renal and thyroid fractions and
100 per cent will provide some measure of the
fraction of the dose disposed of elsewhere than
in kidneys or thyroid. The rate of disposal by
tissues other than kidneys or thyroid can be ap-
proximated by extrarenal disposal rate (4) minus
accumulation rate (7) or alternatively by extra-

thyroidal disposal rate (8) minus excretion rate
(3). The "tissue rate" so estimated by either
method for any case would have the same value
providing the estimate of disappearance rate ob-
tained from thyroid is identical with that obtained
from urine, a circumstance which is unlikely ow-
ing to the errors in the observations.

In Table IV are given the means of the fore-
going values for those cases in which serial obser-
vations over the thyroid were made. It is of
interest that the fraction of the dose unaccounted
for is about the same (12.5 per cent to 13.6 per
cent) in all four groups of cases and that the
mean rate of extrarenal disposal for the group
having myxedema is of about the same order of
magnitude as the estimates of "tissue rates" for
the other groups. These values would represent
any radioiodine excreted in feces, sweat or ex-
pired air as well as any radioiodine fixed in tissues
such as muscle or liver. These values will also,
unfortunately, bring into prominence any loss of
iodine in the collection of urine, any error result-
ing from the methods of measurement employed
and any error inherent in the methods by which
the various values were derived. Estimates of
disposal of iodine by tissues other than kidneys
and thyroid vary considerably from case to case,
and for the reasons given they must be regarded
as relatively inaccurate and probably too high.
On this account it is not apparent from this small

TABLE IV

Disposal of iodine by tissues other than kidneys and thyroid

Extra- Extra-
Fraction renal thyroidal

of disposal disposal
Group Cases dose un- rate (4)- rate (8)-

accounted accumu- renal
for lation excretion

rate (7) rate (3)

per cent Per cent per cent
of dose hour hour

Myxedema* 11 13.6 L2.Ot 0.9±it0.3
Euthyroid patients

who had thyroid
tumors 5 13.142.9 1.540.4 2.3±1.1

Adenomatous goiter
without hyper-
thyroidism 7 13.2 ±3.5 1.6±0.8 1.9±1.2

Exophthalmic
goiter 7 12.5±4.3 1.4±4-1.1 5.9±2.1

* In the group having myxedema the values given are
(a) 100 per cent-renal fraction and (b) extrarenal disposal
rate alone, there being no thyroidal accumulation.

f The values given are the means and the standard
errors of the means.
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series whether any significance should be attached
to the relatively greater value for tissue rates in
cases of exophthalmic goiter.

COMMENT

Previous studies have dealt with various aspects
of the kinetic behavior of radioiodine, on the basis
of observations of urinary excretion of radioiodine
(14), the concentration of radioiodine in the blood
(15) and the quantity of radioiodine in the thy-
roid or peripheral tissues as measured in vivo in
counts per second (5). The present study adds
to these some in vivo observations which are ex-
pressed in absolute terms. The results enumer-
ated permit a comparison of various measures in
a search for the most appropriate and precise
method of evaluating quantitatively the capacity
of the thyroid to accumulate iodide by means of
observations made with radioiodide. An ideal
measure of this function of the thyroid should be
expressed in terms which are independent of the
dose of radioiodine given and should reflect the
accumulation of iodide by the thyroid alone, unin-
fluenced by irrelevant changes which might occur
in the kidneys or in other tissues, or in water
exchange.

Measurement of the quantity of radioiodine in
thyroid or urine. Direct measurement in vivo of
the quantity of radioiodine in the thyroid after
some interval of time might at first glance appear
the most appropriate measure of iodine-accumu-
lating function. This is not true for the reason
that the thyroid must in effect compete with the
kidneys and other tissues for the limited quantity
of iodine provided in the tracer dose. The quan-
tity of radioiodine accumulated by the thyroid in
any given period, as well as the quantity even-
tually or asymptotically accumulated, is a relative
quantity, depending on the function of the kidneys
and other tissues as well as on the iodine-accu-
mulating function of the thyroid itself. On this
basis even if the thyroid function with respect to
iodine accumulation remains quite constant, a
variation in function of the kidneys or perhaps
of other iodine-collecting tissue should alter the
picture of iodine accumulation by the thyroid.
Thus, if the ability of the kidneys to excrete iodine
was decreased, the amount of iodine accumulated
in any given time by the thyroid should increase
and so should the total amount eventually accu-

mulated. These relationships may be important
even if pathologic alteration of the function of
the kidneys or other tissues with respect to iodine
is not involved. In euthyroid persons, the kid-
neys and other tissues account for the disposal of
three-fourths or more of a tracer dose of radio-
iodine and quite physiologic fluctuations in the
function of the kidneys or other tissues might
modify significantly the quantity of radioiodine
accumulated by the thyroid.

These considerations may account for the fact
that, as judged by the comparative magnitude of
the variations encountered in various states of
thyroidal activity, neither the quantity of radio-
iodine in the thyroid at a selected time (12 hours)
nor the asymptotic quantity in the thyroid (the
thyroid fraction [5]) appears as significant as
several other measures of iodine-accumulating
function listed in Tables I and III. Measure-
ments of the quantity of radioiodine in the urine,
probably because they reflect the quantity in the
thyroid indirectly, appear less significant.

Measurements of rates. Disappearance rate
(2) reflects accumulation of radioiodine by the
thyroid only indirectly, since it measures the dis-
appearance of radioiodine as iodide from the
blood into all tissues into which it goes, including
kidneys and other tissues as well as thyroid.
Disappearance rate varies from one group to
another (Table I) by about the same degree as
the quantity in the thyroid after 12 hours or the
thyroid fraction (5).

Extrarenal disposal rate (4) is one step closer
to a direct measure of iodine-accumulating func-
tion. It measures the disposal of radioiodine by
all tissues other than the kidneys. Inasmuch as
the thyroid is the most important of these, except
in hypothyroid or athyroid persons, it appears to
be a fairly reliable index of iodine-accumulation
rate, subject only to inaccuracies resulting from
variations in the removal of iodine by tissues
other than the kidneys. It is perhaps somewhat
paradoxical but nevertheless it appears to be true
that extrarenal disposal rate, which is estimated
from urine, appears a more valid measure of
iodine-accumulating function in cases of normal
or increased thyroid activity than direct estima-
tion of the quantity of radioiodine in the thyroid.
This is not the case when thyroid activity is
reduced or absent.
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The accumulation rate (7), estimated directly
from serial observations in vivo or approximated
from the curve of urinary excretion and a single
observation in vivo during the period of iodine
accumulation, appears to measure iodine-accumu-
lating function directly, uninfluenced by varia-
tions in the function of the kidneys or of other
tissues. Together with accumulation gradient it
appears the most significant of the various meas-
ures enumerated in Tables I and III.

Accumulation gradient. The value which Stan-
ley and Astwood (12) called "accumulation gra-
dient" does not correspond either to disappear-
ance rate or to accumulation rate as we have
defined them, although it most nearly approxi-
mates the latter. The numerical value given to
accumulation gradient is an arbitrary number
without quantitative relation to the physiologic
processes involved. Since it is a value obtained
by dividing counts per second by a function of
time, the numerical value of the accumulation
gradient will vary with differences in the sensi-
tivity of the counting apparatus, differences in
the quantity of radioactivity given in the tracer
and differences in the geometric relationship of
counter to thyroid. These factors can all theo-
retically at least be corrected for, but it is likely
that they will make it difficult to obtain figures
in different laboratories which can be compared
with one another. The mean value of accumula-
tion gradient in the euthyroid cases shown in
Table I is only about a third as large as Stanley
and Astwood's figures, despite the fact that the
values were corrected for both quantity of radio-
activity and geometric relationship. This lack of
agreement probably reflects differences in the sen-
sitivity of the apparatus, and perhaps also a
difference in the value of the microcurie employed
as a standard.

The accumulation gradient has the great ad-
vantage that it can be obtained without continu-
ing observations long enough to evaluate the
asymptotic value of the accumulation curve. This
advantage was employed by Stanley and Astwood
to evaluate the antithyroid potency of various
drugs under conditions which would have pre-
cluded direct estimations of iodine-accumulation
rate, since the accumulation curve was modified
by the addition of the drug a few hours after the
experiment had been begun.

Significance of accumulation rate. The radio-
activity contained in the tracer given to a patient
initially may be regarded as labeling only the
quantity of iodide given in the dose. Once suf-
ficient time has elapsed for absorption to have
occurred and for the dose of labeled iodide to
reach equilibrium in the blood and the body fluids,
the radioactivity in the tracer may be considered
to label all of the iodine in the blood and body
fluids which is in the same chemical form as the
dose given (that is, as iodide). On this basis
accumulation rate measures the proportion of all
of the iodide in blood and body fluids which is
being accumulated in the thyroid per hour. The
iodine-accumulation rate of the thyroid is thus
expressed in terms which are independent of the
tracer dose given as well as independent of varia-
tions in the removal of iodine by other tissues,
such as the kidneys.

Accumulation rate has a connotation somewhat
similar to "clearance" as used in studies of renal
function. It could be used interchangeably with
clearance providing the volume of distribution of
iodine in blood and in the fluids of the body in
equilibrium with the blood did not vary signifi-
cantly. Accumulation rate relates the iodine-
accumulating function to the total stock of avail-
able iodide in the body as a whole. It is more
reasonable to suppose, however, that this function
is more directly related to the concentration of
iodide in the blood circulating through the thyroid
than to the total quantity of iodide in the blood
and in distant parts of the organism which may
be in equilibrium with the blood. Furthermore,
it is likely that the volume of distribution of
iodide may vary in different persons and in vari-
ous pathologic conditions. For these reasons,
thyroidal iodide clearance, expressed as the vol-
ume of plasma cleared of its iodide content per
minute, may prove to be a more accurate measure
of iodine-accumulating function than accumula-
tion rate.

Accumulation rate is estimated from observa-
tions on the thyroid alone, whereas clearance of
iodide by the thyroid must be derived from simul-
taneous observations on both thyroid and blood.
Thyroidal iodide clearance can be obtained by
multiplying accumulation rate by the volume of
distribution of iodide, if the latter is known. In
the absence of a measure of volume of distribution,
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TABLE V

Comparison of accumulation rate, thyroidal clearance of
iodide and volume of distribution of iodide

Basal Iodine Thyroid Volume
Case Diagnosis meta- accumu- iodine distributionCase Di agnos i s ratebolic nation clear- of iodine

rate rate ance

per per cent/ total
cent hour cc./min. liters cc./kg.

1 Adenomatous
goiter with-
out hyper-
thyroidism -14 3.6 13.5 22.8 330

2 Adenomatous
goiter with-
out hyper-
thyroidism - 5 1.0 3.0 18.0 240

3 Adenomatous
goiter with-
out hyper-
thyroidism + 5 0.6 2.2 22.0 414

4 Exophthalmic
goiter +28 23.2 68.0 17.6 290

5 Exophthalmic
goiter +42 10.0 20.4 12.2 210

6 Exophthalmic
goiter +34 24.6 69.0 16.9 270

7 Exophthalmic
goiter +29 50.7 228.1 27.0 500

8 Exophthalmic
goiter +21 13.5 28.8 12.8 230

the thyroidal clearance of iodide may be estimated
by a simple modification of the standard formula
for renal clearance.4 In Table V are given values
for thyroidal iodide clearance (determined di-
rectly) and iodine accumulation rates for eight
cases in which both blood and thyroid data were
available. Also given are values for the volume
of distribution of iodide estimated from clearances
and accumulation rates.5 It will be observed that

4The standard formula for renal clearance
(concentration in urine X volume of urine)

concentration in blood

becomes Q- where Qt is the quantity of radioiodine accu-
mulated in the thyroid in an appropriate interval of time
and B is the mean concentration of radioiodide in the
blood during the same interval. Qt is obtained by taking
the difference between the quantity of radioiodine observed
in the thyroid at the start of the interval and the quantity
present at the end of the interval. Since the concentra-
tion of radioiodide in the blood decreases exponentially
with time, the mean concentration of radioiodide in blood
for the interval must be evaluated from the formula

B =
B - B2

loge B - logB '

where B. and B2 are the observed concentrations at the
beginning and end of the interval respectively. The
clearances in Table V were all based on observations two
and six hours after administration of the dose.

Volume of distribution = clearance X 60
accumulation rate 1,000

X 100

the clearances and the accumulation rates vary
more or less proportionately in the cases studied,
and also that the volume of distribution appears
to be somewhat larger than the usual value for
the volume of extracellular fluid in some cases.
The fact that volume of distribution may vary
considerably from case to case indicates that
accumulation rate may not reflect clearance with
complete fidelity and therefore may not be en-
tirely accurate as an absolute measure of iodine-
accumulating function. However, accumulation
rate may be the most direct and quantitative
measure of this function which can be determined
from in vivo observations alone.

The nature of the iodine-accumulating function.
It is important to note that the function of the
thyroid appraised directly or indirectly by any of
the measures which have been discussed is a very
particular one; namely, the accumulation of iodine
in the thyroid. Such accumulation probably re-
flects in large measure the formation of diiodo-
tyrosine and thyroxine and their storage in the
reservoir of the thyroid follicle.

If one could assume that the total quantity of
iodine contained in the thyroid was more or less
constant for any short period (that is, did not
fluctuate rapidly), then accumulation rate might
reflect the rate at which thyroid hormone was
being secreted and perhaps might serve as an
index of thyroid turnover rate. However, some
of the earliest work of Hamilton and Soley sug-
gests that there could be a dangerous fallacy in
such assumptions. They observed in two cases
of nodular goiters and hypothyroidism that de-
spite clinical evidences which would lead one to
infer that the secretion of thyroid hormone by
the thyroid was inadequate or nil, the thyroids
collected radioiodine in quantities similar to those
collected in exophthalmic goiter. We have ob-
served a similar disparity in certain myxedem-
atous states accompanying thyroiditis and cyanate
goiter. Until more is known, therefore, it is prob-
ably best to regard iodine accumulation by the
thyroid as a function which does not necessarily
or invariably parallel the secretion of thyroid
hormone.

The iodide-concentrating function measured by
Stanley and Astwood (3) in the human thyroid
blocked with mercaptoimidazol must be regarded
as a thyroidal function involving iodine distinct
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from iodine accumulation as the term has been
applied here. The iodine concentrated by the
blocked thyroid has been shown to be in the in-
organic state and probably in some sort of equi-
librium with the blood. The rather rapid decrease
of thyroidal radioiodine observed in the blocked
thyroid takes place at a rate roughly comparable
to the disappearance of radioiodine from the
blood as we have observed it in cases of myx-
edema. These considerations lead one to ,pre-
dict that the kinetic relationships shown to exist
betweeii radioiodine in urine, blood and thyroid
in this and previous papers will not apply in the
case of the phenomenon described by Stanley and
Astwood.

Finally, it must be emphasized that the methods
employed in this paper and the papers which have
preceded it for the estimation of rates of disposal
of radioiodine in urine, thyroid and other tissues
are based on a model which is undoubtedly over-
simplified. The values obtained may contain er-
rors arising from factors which complicate the
picture, such as the rate of absorption from the
gastro-intestinal tract, the time required for equi-
librium to become established between the blood
and body fluids, and the rate of secretion of radio-
iodine from the thyroid once it has been accu-
mulated. It is essential, therefore, to regard the
values reported as at. best first approximations.
Nevertheless, the consistency with which inde-
pendent observations on urine, thyroid, blood and
peripheral tissues can be made to match one an-
other in a simple scheme is some justification for
assuming that the various interrelationships which
have been discussed may be valid ones.

SUMMARY

An empirical method has been described for
the measurement in microcuries of radioiodine
collected by- the human thyroid gland after oral
administration.

The iodinie-accumulation rate of the thyroid is
defined as the proportional rate at which the thv-
roid accumulates iodine. Two alternative meth-
ods have been described for estimating this value.
A basis has been given for assuming that this rate
applies to all of the iodide in the blood and body
fluids in equilibrium with the blood.

Mean iodine-accumulation rate by the thyroid
was 2.4 + 0.7 per cent per hour in five patients

having normal thyroid function and low-grade
thyroid tumors, 4.6 +fl 1.3 per cent per hour in
seven patients having adenomatous goiter without
hyperthyroidism and 20.2 + 5.6 per cent per hour
in seven patients having hyperthyroidism.

Accumulation rate has been compared with
measurements of the quantity of radioiodine ex-
creted in urine, the quantity collected in the thy-
roid and the disappearance rate of radioiodine
from the blood. Accumulation rate appears to be
a more significant measure of iodine-accumiulating
function of the thyroid than any of these.

The rate of extrarenal disposal of iodide, esti-
mated from the curve of urinary excretion of
radioiodine, closely reflects accumulation rate in
cases of normal or increased thyroid activity. It
appears in such situations to be a valid index of
accumulation rate, despite some inaccuracy re-
sulting from variations in the disposal of iodide
by tissues other than thyroid or kidneys.

Accumulation rate mav be less significant as
a measure of accumulating function than thvroidal
iodide clearance, determined directly from ill vivo
observations over the thyroid obtained simnul-
taneously with determinations of the concentra-
tion of radioiodine in plasma.
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