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We hypothesized that early uptake of iodine-131 (*3'l) at
3-6 hr (EU) by the thyroid could be used to calculate **'|
therapy with results comparable to those obtained using
late uptake of '3'| at 20-28 hr (LU) results. A retrospective
study was undertaken. Twenty-seven patients with un-
treated thyrotoxic Graves’ disease were given 3-5 .Ci of
'31) and EU and LU were determined with an uptake probe.
We derived a “best fit” curve on plots of EU (X-axis) and
LU (Y-axis). The equation for the curve (LU = —55.7 +
73.2 log EU) was used to predict late uptake (PU) from EU
results on a second group of 24 similarly defined Graves’
patients. PU and measured LU were then applied to **'|
treatment calculations in these 24 patients. PU correlated
closely with LU (r = 0.94). Dose calculations based on PU
and LU gave very similar results (r = 0.97). Using this
method, same day diagnosis and treatment of Graves’ is
achievable.
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Since its introduction in 1940, measurement of ra-
dioiodine uptake by the thyroid gland has been widely
used in the assessment of thyroid function (/-6). The
fact that normal values for thyroid radioiodine uptake
changed as dietary iodine varied in the United States,
resulted in a need for redefinition of the normal range
during the 1970s (7-8). Evolution of precise indices of
thyroid function, including sensitive measurements of
thyroid stimulating hormone (sTSH), total and free
thyroxine (T4) and triiodothyronine (T3) and detection
of thyroid stimulating immunoglobulins (TSI) in the
blood, have refined the process of thyroid diagnostic
testing (9-11). At present, radioiodine uptake testing is
less commonly relied upon to make a fine distinction
between patients who are subtly hyperthyroid versus
those who are euthyroid, than it is to make the distinc-
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tion between patients whose hyperthyroxinemia is due
to thyroiditis from those with Graves’ disease or toxic
nodular goiter (12). In thyroiditis, radioiodine uptake
is characteristically nearly completely suppressed (13)
whereas in thyrotoxicosis and toxic nodular goiter it is
normal or high (12,14).

A further indication for radioiodine uptake measure-
ments is to assist in calculation of treatment doses for
patients with Graves’ disease (15,16). Same day report-
ing of serum T,, and sTSH is routinely available at our
institution. The need for 24 hr measurements of iodine-
131 (**'I) uptake by the thyroid—the traditional basis
for calculation of '*'I therapy doses—still demands
costly prolongation of hospital stay or return outpatient
clinic visits in some patients. We hypothesized that the
measurement of early uptake of '*'I by the thyroid
could be used to calculate therapeutic doses of '*'I with
results comparable to those obtained using the 24 hr
1311 uptake test results.

MATERIALS AND METHODS

Patients

The medical records of 51 patients (10 males and 41
females, mean age + s.e.m. 46.9 + 2.4 yr, range 16 yr to 84
yr were reviewed. All had diagnostic radioiodine uptake meas-
urements at the Mayo Clinic Nuclear Medicine Laboratory
between June 1988 and April 1989. Included in the study
were only those who had both early (3-6 hr) and late (21-28
hr) uptake measurements. The clinical diagnosis of Graves’
disease was supported in all instances by elevation of serum
T, or T3 with or without ancillary measurements of sTSH or
TSI. Excluded were all patients who had previous radioiodine
treatment, surgery or antithyroid drugs and those who were
receiving T, or T; therapy. Patients who had received stable
iodine solutions or radiographic contrast materials within the
preceding 8 wk were also excluded, as were patients in whom
the final diagnosis was subacute lymphocytic or subacute
granulomatous thyroiditis, toxic solitary nodule or toxic mul-
tinodular goiter.

Since surgery and antithyroid drugs are very rarely used in
the management of hyperthyroidism at the Mayo Clinic, we
are not aware of any selection bias in the study group.

519



All patients were evaluated by an experienced endocrinol-
ogist for clinical signs of Graves® disease, confirmation of the
diagnosis, and for estimation of the weight (gm) of the thyroid
gland.

T, and T; measurements were performed by radioimmuno-
assay. TSI measurements were performed with a cultured rat
thyroid cell line (FRTLS) as described by Morris et al. (/0).
Sensitive TSH measurements were by chemiluminescence
immunoassay (/7).

An "*'I solution was prepared in the radiopharmacy for use
as a tracer for routine diagnostic thyroid uptakes. The solution
was calibrated to maintain a patient dose of 2-5 uCi (1 uCi =
3.7 x 10* Bq) in a volume of 0.3 to 0.5 ml. Following oral
administration of 2-5 uCi '*'l solution, all patients were
scheduled to return early (3-6 hr) and late (20-28 hr).

A Nuclear Chicago probe, with 3 X 3-in. crystal or an
Atomic Products Corporation model 187 295 probe, with a
2 x 2-in. Nal crystal and a wide detector opening were used
to measure '*'I uptake. All measurements were made with the
crystal 25 cm distant from and centered on the thyroid carti-
lage or a standard. Room background was counted for 3 min
followed by a 3-min count of an '*'l standard which was
placed in a thyroid uptake phantom (Abbott-Orins Thyroid
Uptake Phantom, No. 6782, Abbott Laboratories, North Chi-
cago, IL). The standard was of the same volume and activity
as the dose administered to the patient. The patient was then
counted for 3 min and the thyroid uptake calculated according
to the following equation:

neck counts
% uptake of '*'l _ — background
by the thyroid ~ standard counts
— background

Iodine-131 treatment dose calculations at the Mayo Clinic
are based on the following formula:

gland size (g)
X dose requested (uCi/g)

% uptake of '*'I at 24 hr X 10~

dose (mCi) to patient =

Note that the dose requested may be small (75 uCi/g), mod-
erate (125 uCi/g) or large (200 uCi/g).

Statistics were performed on a MacIntosh 2 computer with
Statview 512 and Cricket Graph software programs.

RESULTS

Twenty-seven of the 51 patients with Graves’ disease
were randomly selected to develop a method for defin-
ing the relationship between early and late uptake of
1311, Early uptake of '*'I at 3-6 hr was plotted (X-axis)
against late uptake of '*'I at 20-28 hr (Y-axis). The
relationship between early and late uptake of '*'I was
exponential. A “best fit” curve for early uptake (EU)
versus late uptake (LU) of '*'I generated the equation:

LU = -55.7 + 73.2 log EU (Fig. 1).

Using the equation (LU = —=55.7 + 73.2 log EU),
late uptake of '*'I was predicted from early uptake of
311 in the second group of 24 patients from the total
study group of 51 patients with Graves’ disease. Pre-
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FIGURE 1

A plot of early uptake of '*'I
(EU) on the X-axis and late
uptake of **'l (LU) on the Y-
axis generated a best fit
curve for the relationship be-
tween EU and LU. Equation
for the curve: LU = —55.7 +
73.2 log EU.
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dicted late uptake of '*'I (PU) correlated closely (r =
0.94) with measured late uptake (LU) of '*'I (Fig. 2).

PU was then used in dose calculations in the second
group of 24 patients. Estimated doses based on PU were
compared with therapy doses calculated from measured
late uptake and actually administered to the patients.
The predicted doses of '*'I correlated closely (r = 0.97)
with given doses of '*'I (Fig. 3).

Mean treatment dose actually given and based on
measured late uptake was 10.4 mCi and on predicted
late uptake was 10.5 mCi. Application of unmodified
measured early uptake results to the dose calculations
resulted in an estimated mean dose which was 50%
higher, with individual doses sometimes 100% greater
than those derived from measured late uptake results.

DISCUSSION

Approaches to selecting radioiodine doses for the
management of patients with Graves’ disease vary
widely. In some institutions, a fixed number of milli-
curies has been given to all patients (/7,/18) and in
others an effort has been made to calculate delivered
dose in terms of microcuries per gram of thyroid tissue
(19-21). The number of microcuries per gram of tissue
selected ranges from 50 to 200 or more. In addition to
the wide variance in clinical perception as to how many
microcuries of '*'I per gram of thyroid tissue constitute
adequate treatment for thyrotoxic patients, dose calcu-
lation is further rendered inaccurate by the imprecision
of the methods used to define how much thyroid tissue
is actually present (22) and by the marked variation in
radioiodine retention time in thyrotoxic glands (23). It
is our impression that in light of the major imprecisions
and inaccuracies in the other components of dose cal-
culation, errors introduced by the use of early versus
late thyroid radioiodine uptake results are relatively
small. Accordingly, the test procedure for untreated
Graves’ patients could be modified to include only a
single early uptake measurement without compromis-
ing patient care. We have not studied the reliability of
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FIGURE 2

Using the equation LU = —55.7 + 73.2
log EU (Fig. 1), predicted values of late
uptake of *'| (PU) were obtained from

Therapy dose given, mCi

our equation in patients who may have altered radioi-
odine kinetics due to therapy with antithyroid drugs,
toxic multinodular goiter or who have undergone par-
tial thyroidectomy.

A previous study has compared '2’I uptake measure-
ment and scintigraphy at 4-5 hr with 24-hr uptake and
scintigraphy in euthyroid, hyperthyroid, and hypothy-
roid patients. There was no overlap between euthyroid
and hyperthyroid populations by the early uptake value.
The authors concluded that for diagnostic purposes, the
4-hr uptake values were at least as useful as the 24-hr
uptake values (24). Our study supports this observation.

The need for a 24-hr uptake value prior to radioio-
dine therapy in Graves’ disease has previously been
questioned. Four-hour values have already been used
in therapy dose calculations with encouraging results.
Only those patients whose 4-hr values were not clearly
elevated, but who were clinically suspected of hyperthy-
roidism, were asked to return for a 24-hr value prior to
therapy (25). In our view, differentiation between mild
hyperthyroidism and euthyroid function can be made
by measurement of T,, T3, sTSH and TSI rather than
having to rely on the early and late '*'I uptake meas-
urements to make this distinction.

We have shown in our study that the correlation
between predicted late uptake (PU) and measured late

early uptake measurements (EU). PU
correlated closely with measured late
uptake LU (r = 0.94).

uptake (LU) of '*'I is 0.94 and the correlation between
doses based on PU and actual doses given based on LU
is 0.97. For this reason we believe that in all patients
with previously untreated Graves® disease, 24-hr '3'
uptake measurements to calculate therapeutic radioio-
dine doses are unnecessary.

Using the method described in this paper, same day
measurement of '*'I uptake and radioiodine therapy is
achievable with reduction in the cost of patient care
and without compromise in its quality.
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