
The thyroid gland is one of the organs frequently
studied with nuclear medicine techniques. Over the
past several decades, increased attention has been
drawn to the association between ionizing radiation
and the late development of nodules and cancer of
the thyroid gland. Although no association has been
reported between diagnostic doses of radiopharma
ceuticals and thyroid nodules or cancer, it is advis
able to minimize radiation exposure to the thyroid
whenever clinical information will not be com
promised.

Newer radionuclides and techniques yield better
diagnostic information, with the delivery of lower
radiation doses than techniques commonly used in
previous decades. Therefore, recommendations are
offered to encourage techniques that reduce radiation
dose in thyroid studies with the most commonly used
radiopharmaceuticals : [131!] sodium iodide, [9omTc]
sodium pertechnetate and [1@I]sodium iodide.

Radiopharmaceuticals for clinical@ evaluation of
the thyroid gland.

The principal clinical use of I-i 31 continues to
be for the study of the thyroid gland, both for deter
minations of function and to study the structure of
the gland. Because of its availability, suitable half
life, and ease of measurement, I-i 31 as sodium
iodide has been the radiopharmaceutical of choice for
many years.

Technetium-99m as pertechnetate is widely em
ployed for imaging studies. It has the advantage of
being inexpensive and readily available. The ab
sorbed radiation dose to the thyroid for a clinically
effective administration of Tc-99m as sodium per
technetate is the lowest of all radiopharmaceuticals
used to study the gland. However, the dose to the
lower large intestine, bone marrow, whole body, and
gonads is greater with Tc-99m than with a com
parable imaging dose of 1-123. In the judgment of
many physicians, Tc-99m is the preferred imaging
agent for such studies.

A different viewpoint is expressed by some physi
cians who feel that an agent such as Tc-99m, which

measures only equivalent ion transport (trapping),
limits the effectiveness for evaluating the thyroid and

its complex interrelationships. These physicians pre
fer I-i 23 or, if not available, I-i 31.

Many epidemiological studies have identified the
thyroid gland, especially in children, as being par
ticularly susceptible to radiation carcinogenesis. How
ever, the majority of these studies have indicted ex
ternal x-rays as being the factor commonly associated
with carcinogenesis rather than the beta radiation of
I-i 31. Possible reasons for the disparity between the
reported carcinogenic potential of x-rays and radio
iodines include the differences in distribution of ion
ization, dose, and dose rate when external sources of
x-ray or gamma radiation are compared with the in
ternal radiations produced by the different radio
iodines (I-i 3 1, I-i 23 ) used in thyroid studies, or the
use of high, ablation doses of radioiodine that have
led to thyroid cell death before malignant changes
could develop. External radiation exposes the entire
glanduniformlyandathigherdoserates,whereasthe
radiopharmaceuticals irradiate the gland in a non
uniformmanner,dependingonthedegreeoffunction
of the acinar cells and the radiation characteristics of
the emitter. The radiosensitivity of the thyroid
strongly suggests that radiation to the thyroid should
be minimized whenever possible. This goal can be
accomplished in three ways: (a) in vivo radionuclide
studies of the thyroid should be employed only when
clearly indicated; (b) radionuclides delivering the
lowest dose (i.e., I-i 23, Tc-99m) should be used
whenever practical; and (c) when it is necessary to
use I-i 31, the dose should be reduced to the mini
mum required to obtain the desired information.

Recommendations for the use of radioactive iodine
in thyroid disease.

1. Radioactiveiodineshouldnot be usedfor the
following thyroid diagnostic studies:
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e. For estimation of therapeutic doses of iodine
13i in the treatment of hyperthyroidism or thyroid
cancer, or for thyroid ablation.

3. Thyroid imaging with radioiodine can provide
useful information in the following circumstances:

a. Detectionandevaluationof functionof solitary
or multiple thyroid nodules.

b. Evaluation of aberrant thyroid tissue such as
substernal masses, possible lingual thyroid, function
ing metastases of thyroid cancer, and other tumors
containing thyroid tissue.

c. To assist in the estimation of thyroid size for
radioiodine dosimetry.

d. In the management of thyroid cancer.
4. Technetium-99m, as sodium pertechnetate,

is a suitable substitute for radioiodine for thyroid
imaging in the following circumstances:

a. Detection and evaluation of function of solitary
or multiple thyroid nodules.

b. It may be necessary to reimage the thyroid with
radioiodine when:

1. The pertechnetateimagesdemonstrateno ab
normality corresponding to a palpable nodule(s).

2. The pertechnetate images demonstrate a hyper
functioning nodule(s) (without suppression of extra
nodular thyroid tissue).

3. The thyroid pertechnetate concentration is low
and image contrast is unsatisfactory.

4. Unexplained extrathyroidal uptake is suspected

a. Screening for thyroid disease in an apparently
healthy population.

b. As a primary diagnostic test for hyperthyroid
ism and/or hypothyroidism.

C. During pregnancy and lactation, except under

special circumstances.
d. In children, except under special circumstances.
2. Radioiodine uptake testing is important and

useful in the diagnosis of thyroid disease, as follows:
a. To confirm the diagnosis of hyperthyroidism,

i.e., to confirm that the thyroid gland is the source
of elevated blood thyroid-hormone levels in clinical
hyperthyroidism before instituting treatment, espe
cially:

i . When the manifestations of hyperthyroidism
are not clear as based on clinical findings and other
laboratory tests.

2. To rule out thyrotoxicosis factitia.
3. To determine the existence of ectopic secretion

of thyroid hormone.
b. To assist in the diagnosis of subacute and

chronic thyroiditis and in the evaluation of various
types of goiter.

c. For use in thyroid suppression tests to evalu
ate autonomy of functioning thyroid tissue.

d. For stimulation tests to assist in the differen
tiation of primary from secondary hypothyroidism,
when determination of serum TSH is not available
or appropriate.

TABLE 1. TYPICAL ABSORBEDDOSES DUE TO THYROID DIAGNOSTIC RADIOPHARMACEUTICAL
PROCEDURES (3,4) BASED ON ACTIVITIES RECOMMENDED IN THIS REPORT

Thyroid 1,100 33,000 1430 iCi
F: 4.2

S The fraction of adult activity used for imaging procedures in children was chosen on the basis of proportionality to the %

power of body weight following Webster (3). For the purpose of this calculation, adult values of 5 mCi Tc-99m and 100 @tCi
1-123are assumed.See Table 7.

t Assumeda 1.6%uptakeofpertechnetateforallagesexceptthenewborn,wherea3.5Â°f.uptakeisassumed,followingWeb
steret al (3).

4:Lowerlargeintestine.
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TABLE2. TYPICALABSORBEDDOSESDUETO THYROIDDIAGNOSTICRADIOPHARMACEUTICAL
PROCEDURES(3,4) BASED ON ACTIVITIES RECOMMENDED IN THISREPORT.

For administered activties

R.commendâ€¢d Critical Critical whole-body Gonadal (6)
administered Critical organ organ dose dose

Procedure at age 15 activIty organ (mrad/@Ci) (actual mrads) (mmd)(mrad)Uptake

I-i 23 (iodide) 10â€”20@sC1 Thyroid 16 160â€”3200.36-0.73l-131

(iodide) 2 @cCi Thyroid 1,600 3,2001.0Scan

Thyroidt 0.35 1,500 M 59
Tc-99m (pertechnetate) 4.2 mCI 63

L.L.l. 0.20 840 F:921-123

(IodIde) 170 pCi Thyroid 16 2,700 6@421-131

(iodide) 25 @cCi Thyroid 1,600 40,00013a

Lower large intestine.

t Assumeda 1.6%uptakeof pertechn.tatefor all agesexceptthe newbornwherea 3.5%uptakeis assumed,followingWeb.
star at al(3).TABLE

3. TYPICAL ABSORBEDDOSES DUE TO THYROID DIAGNOSTIC RADIOPHARMACEUTICAL
PROCEDURES (3,4) BASED ON ACTIVITIES RECOMMENDED IN THIS REPORTFor

administeredactivitiesRecommended

Critical Critical Whole-body Gonadal (6)
administered Critical organ organ doss dose

Procedureat age 10 adivity organ (mmd/@Ci) (actual mrads) (mrad)(mmd)Uptake

1.123 (Iodide) 10 @cCi Thyroid 22 220 0.5M:O.531-131

(iodIde) 2 ;LC1 Thyroid 2,200 4,4001.6Scan

Thyroldt 0.47 1,400 M: 200
Tc-99m (pertechnetate) 3 mCi 65

LL.l. 0.30 900 F:11.123

(iodide) 120 @cCi Thyroid 22 2,600 6.2M:6.61-131

(iodide) 18 @iCi 2,200 40,00015a

Lower large intestine.

t Assumeda 1.6% uptakeof pertechnetatefor all agesexceptthe newbornwherea 3.5Â°f.uptakeis assumed,followingWeb
steret al (3).
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satisfactory imaging and measuring devices, together
with some â€œroutineâ€•doses of the above radiophar
maceuticals for adults; they will yield adequate in
formation and simultaneously will minimize radiation
exposure of the patient (Table 1C).

It is to be emphasized that Tc-99m, 1-123, and
I-i 31 should not be used during pregnancy and their
use should be limited in young children. Recom
mended oral doses for children are given in Tables
2_7*.

These recommendations should be posted where
tracer doses of radiopharmaceuticals used for studies

of being an artifact.
5. Pertechnetate is generally a less satisfactory

substitute for radioiodine for thyroid imaging in the
following circumstances:

a. Evaluation of aberrant thyroid tissue, except in
the lateral portion of the neck.

b. In the management of thyroid cancer.
C. Suppression and stimulation testing.

Recommendations to decrease administered doses
of 1.123 and 1.131 as lodides, and Tc.99m as per
technetate.

In this section we discuss some combinations of
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TABLE4. TYPICAL ABSORBEDDOSES DUE TO THYROID DIAGNOSTiC RADIOPHARMACEUTICAL
PROCEDURES(3,4) BASED ON ACTIVITIES RECOMMENDED IN THIS REPORTFor

administeredactivtiesRecommended

Critical Critical Whole-body Gonadal (4)
administered Critical organ organ dose dose

Procedureat age 5 activity organ (mmd/@cCi) (actual mmdi) (mrad)(mrad)Uptake

1-123(iodide) 10 @Ci Thyroid 38 3800.91-131

(iodide) 2 1@&Ci Thyroid 3,800 7,6002.6Scan

Thyroidt 0.78 1,700 M: 160
Tc-99m (pertechnetate) 2.2 mCi 75

L.L.I.' 0.40 880 F:99I-i

23 (iodide) 86 ,uCi Thyroid 38 3,3006.8l-131

(iodide) 13 @cCi Thyroid 3,800 49,00017*

Lower large intestine.

t Assumeda 1.6% uptakeof pertechnetatefor all agesexceptthe newbornwherea 3.5Â°f.uptakeis assumed,followingWeb
steret al (3).TABLE

5. TYPICAL ABSORBEDDOSES DUE TO THYROID DIAGNOSTIC RADIOPHARMACEUT1CAL
PROCEDURES(3,4) BASED ON ACTIVITIES RECOMMENDED IN THIS REPORTFor

administeredactivtiesRecommended

Critical Critical Whole-body Gonadal (6)
administered Critical organ organ dose dose

Procedure at age 1 yr. activity organ (mmd/@cCi) (actual mrads) (mmd)(mrad)Uptake

1-123 (iodide) 10 @&Ci Thyroid 81 8001.31-131

(iodide) 2 @Ci Thyroid 8,100 16,0004Scan

Thyroidt 1.30 2,000 M: 120
Tc-99m (pertechnetate) 1.5 mCi 76

L.L.I. OjO1,0001-123

(iodide) 60 @cCi Thyroid 81 4,900 7.8M:4.01-131

(iodide) 9 @&Ci Thyroid 8,100 73,00018*

Lower large Intestine.

t Assumeda 1.6Â°!.uptakeofpertechnetateforallagesexceptthenewbornwherea 3.5Â°f.uptakeisassumed,followingWeb.
steret al (3).
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of the thyroid are prepared.The physicianshould
make certain that the prescribed tracer doses are of
appropriate amounts in accordance with these recom
mendationsexceptunderspecialcircumstances.For
greater detail, reference may be made to the thyroid
radionuclide uptake recommendations of the Inter
national Atomic Energy Agency (1 ) and the Amen
can National Standards Institute (2).

1. Iodine-i 31 as sodium iodide.
A principal concern in preparing these recom

mendations is the observation that doses of 100â€”500

of I-i 3 1 for â€œroutineâ€•thyroid imaging are fre
quently used to decrease the time required for imag
ing a patient.

a. For uptake measurement using a single crystal,
recommended doses are predicated upon a crystal
with an average diameter of about 2 in. (5 cm), with
a thickness of at least 1 in. (2.5 cm) at a standard
distance of 10 in. (25 cm), measured from the sun
face of the neck at the thyroid isthmus to the front
face of the crystal.

b. Based upon the instrumentation recommended

i 10 THE JOURNAL OF NUCLEAR MEDICINE



TABLE 7. FRACTION OF ADULT ADMINISTERED RADIOACTIVITY RECOMMENDED FOR CHILDREN (3,4)

Age Newborn 1 yr 5yr lOyr lSyr Adult

Body weight (kg) 3.54 12.1 20.3 33.5 55.0 70.0

Fraction of adult activity

(based on (%) power of body weight) 0.14 0.30 0.43 0.60 0.85 1.00

Procedurefor newbornRecommended
administered

activityCritical organCritical
organ

(mmd/@iCi)Critical
organ

(actual mrads)For

administeredactivtiesWhole-body

dose
(mrad)Gonadal

(6)
dose

(mmd)Uptake

l-123(iodide)10@cCiThyroid1601,6003.71-131

(iodide)2@cCiThyroid16,00032,00020Scan

Tc-99m (pertechnetate)0.7 mCiThyroidt3.402,400100Mâ€¢ 71
F:150L.L.I.2.001,400I-i

23 (iodide)28 @tCiThyroid1604,5009.8M:2.44

@iCIThyroid1 6,00064,00042

ADJUNCTIVE MEDICAL KNOWLEDGE

TABLE 6. TYPICAL ABSORBEDDOSES DUE TO THYROID DIAGNOSTIC RADIOPHARMACEUTICAL
PROCEDURES(3,4) BASED ON ACTIVITIES RECOMMENDED IN THIS REPORT

1-131 (iodide)

a Lower large intestine.

t Assumeda 1.6Â°!.uptakeof portechnetate
steret al (3).

for all ages except the newborn where a 3.5Â°!.uptake is assumed, following Web

maximum doses for uptake percentage measurement
are as follows: for adults 6 @@Ci;for children of vary
ing ages see Tables 2â€”7.In uptake measurements
for children, consideration may be given for a short
ened distance between detector and neck.

c. Recommended doses for imaging are predicated
upon a crystal in a rectilinear scanner with an aver
age diameter of 3â€”5in. (8â€”13 cm) and a thickness
of at least 2 in. (5 cm).

d. Imaging with the rectilinear scanner and/or
scintillation camera is based upon percentage of
iodine uptake and estimated thyroid gland weight for
a euthyroid subject. For imaging, a dose of 30 @Ci
is recommendedfor euthyroidpatientswhoseglands
are of normal size. A dose of 100 @Ciwould be con
sidered to be an upper limit, especially suitable for
hypothyroid patients.

e. When a second dose is to be given for the corn
pletion of a â€œTSHstimulation testâ€•or a â€œthyroid
suppression test,â€•and when the second part of the
test immediately follows the first, the thyroid gland
should always be â€œcountedâ€•and a repeat dose cal
culated to deliver to the thyroid gland between one
and two times the number of microcunies of I-i 31
remaining in the gland from the first dose. If little

or noneof the first doseremains,the seconddose
need not exceed the first one.

f. After the diagnosis of hyperthyroidism or thy
roid cancer has been made and when I-i 31 therapy
is to be used, thyroid imaging studies can be done

with I-i 31 ; here I-i 23 or Tc-99m offers no advan
tage.

2. Iodine-123assodiumiodide.
a. For uptake measurements using a single crystal,

the same system can be used as for I-i 31. For imag
ing with currently available I-i 23, the same recti
linear scanners and collimators can be used as for
I-i 3 1. With the available gamma cameras, a pinhole
collimator having an aperture 3â€”6mm in diam. is
recommended.

b. For uptake measurements with the above in
struments, the following oral doses are recom
mended:

Measurement at 4â€”6hr, 10 @Ci

Measurement at 24 hr, 20@
c. For imaging either with the rectilinear scanner

or gamma camera as described above, an oral dose
range of 100â€”400 @Ciis recommended.

3. Technetium-99maspertechnetate.
a. The measurement of thyroid uptake with per
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technetate is more difficult than with the radio
iodines, since the uptake must be measured within
20 mm of administration, at which time the body
background is high compared to the activity in the
thyroid gland, enough to threaten the test's relia
bility. Although it is possible to develop appropriate
ranges for this use, with the decreasing use of up
take measurements as a measure of thyroid func
tion, either an in-vitro test or uptake with one of the
radioiodines is preferable.

b. For imaging, the preferred method is the scin
tillation camera with a pinhole collimator having a
3- to 6-mmaperture.

c. An imaging dose of 3â€”10mCi, given intra
venously, is generally adequate. Recently, doses of
15â€”20mCi have been used to improve visualization.
At these dose levels the physician should consider
the radiation dose delivered to the stomach, colon,
and whole body, as well as that to the thyroid gland
(see Tables 1â€”6).
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FOOTNOTE

C The table of absorbed doses lists the radiopharmaceuti

cals that are used in thyroid studies in relation to the rec
ommended administered activities. The table illustrates the
magnitude not only of critical-organ doses but also of the
gonadal and whole-body doses where the information is
available. Since pertechnetate is also concentrated in the
stomach and lower large intestine, available data on these
critical organs have been included. For different assumed
administered activities or assumed uptake percentages, a
simple ratio calculation may be applied for the critical-organ
dose.
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CARDIOVASCULARNUCLEARMEDICINE:A CLINICAL TRAINEESHIP

A unique course on the study of heart disease is being cosponsored by the SNM Sub
committee on Continuing Education and Course Accreditation and the Academic Council.

The program consists of a 1-day didactic session followed at a laterdate bya 2-day trainee
ship in an Academic Council affiliated institution.

Didactic sessions will be held in Denver, Col., on Friday, February 10, 1978 and in Boston,
Mass., on Saturday, April 15, 1978. Registration fortraineeships is availableonlyatthetime of
the didactic session.

This program has been specifically designed for community hospital cardiologists, nuclear
medicine physicians, and nuclear medicine technologists. Six hour of AMA Category 1 credit
and .6 CEU hours are awarded upon course completion.

Preregistration is encouraged, as attendance is limited.

For further information and registration forms, please contact the National Office and refer
to the Winter 1977 issue of News/ins, page 2.




