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Thyroid imaging was at first restricted to rectilinear
dot scanning with 1311as the imaging agent. In I 962
Harper et al (1 ) proposed @@mTcas a better scm
tigraphic agent than 1311,and it has been widely used
for this purpose (2â€”8). In 1968 Haas et al (6) re
ported the superiority of 9OmTcin 2,000 patients and
in 1970 Wagner's group (8) compared 9DmTcwith
1311 and clearly showed 9omTc to be better for recti

linear thyroid scanning. However, scanners produce
a static, fragmented linear image. In 1963 Anger
(9,10) described the gamma scintillation camera
which produces images dynamically as a continuous,
integrated whole. It was successfully used with 1311
for thyroid imaging (1 1,12) and found superior when
compared with 1311scanning (13). In I 970 9OmTc
thyroid scintiphotography was reported to be better
than both 99Â°'Tcand 1311thyroid scanning (14).
However, that abstract suggested that thyroid scm
tiphotography with the pinhole collimator was too
insensitive for use with 1311(14).

We wish to show, on the basis of our experience
with the Anger Pho/Gamma III camera, (A) how
to obtain optimal scintiphotos (Figs. 1, 2), (B) that
for routine thyroid imaging, 99@Tcis preferable to
1311, (c) but that in special cases 1311 must be used to

obtain interpretable scintiphotos, and (D) that this
practice significantly decreases radiation exposure.

SUBJECTS

From February 1968 to February 1970, 1,000 con
secutive patients referred for routine thyroid imaging
were studied with 9OmTcFifty-four selected thyroids
were reimaged with 1311in a comparative study (15).
Twenty-five additional patients were reimaged with
1311when the 99mTc scintiphoto was not interpretable.

Except for illustrative purposes, patients with known
thyroid carcinoma were usually studied with 1311only
and are excluded from Table 1.

PROCEDURE

The 24-hr 1311thyroid uptake was measured. Some
patients whose uptakes were suppressed below 3%
by iodides or thyroid were asked to discontinue the
drug and return in 2 weeks for 99mTcimaging.

From 1 to 3 mCi of oomTcas sodium pertechne
tate were injected intravenously. Twenty to 30 mm
later the thyroid was positioned below the 5-mm
pinhole collimator so that its image filled the field
of the cathode-ray tube display of the Anger camera.
With the three lenses of the Polaroid recording cam
era at f/8, f/ 11, and f/ 16, the 3000 ASA film was
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TABLE1. QUALITYOF 99@'TcTHYROID
IMAGE ACCORDINGTO DIAGNOSIS

â€œNormalâ€•thyroid
(including thyroiditis)

Solitary â€œcoldâ€•nodule
Multinodular goiter
Diffuse toxic goiter
Diffuse nontoxic goiter
Solitary â€œhotâ€•nodule
Postoperativeremnants

(excluding thyroid
carcinoma)

Toxic nodular goiter1

1 ( 8)
12 ( 9)
22 (17)
0

3 ( 3)
5 ( 5)

3 ( 3)
0270

( 5)
195 ( 9)
159 (10)
97
69
61 (10)

62
31281

207
181
97
72
66

65
31Totals56

(45)944(34)1000*

In parentheses are the

gory which were reimagednumbers
of

with @thyroids
in eachcate.
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suppressed below 3 % by iodides or exogenous thy
roid were nevertheless imaged, often with poor re
suits. When the drug was stopped, 20 of 30 such
patients had interpretable repeat 99mTc scintiphotos
and were reassigned to the â€œdiagnosticâ€•category.
Later, we preferred to stop these drugs if possible
before imaging with e9mTc However, an 1311uptake
below 10% , whether drug-suppressed or not, should
not necessarilydisqualifya9mTc(8) since 114 of
152 such patients in our series were successfully
imaged (Fig. 4D).

Fifty-six of the 1,000 patients had scintiphotos
that could not be made interpretable with 99mTc
(Figs. SAâ€”D). Twenty-two of i81 multinodular
goiters (Figs. 4B, 4D, 5A, SB), some with normal
1311 uptakes, gave poor images (Figs. SA, SB). Some

goiters were difficult to interpret because they were
very large and/or irregular (Fig. 5A) or substernal
(Fig. SB). Of 207 scintiphotos of solitary â€œcoldâ€•
nodules (Figs. 1â€”3),even though the thyroid itself
was often visualized, 12 were deemed poor because
reimaging with 1311was required to delineate the
hypoactive nodule more precisely. Reimaging with

1311 was also attempted in some patients with per

sistently poor O9mTcscintiphotos due to iodinated
radiographic contrast media, thyroiditis, or after thy

roidectomy.
An area in the thyroid parenchyma that appeared

â€œhotâ€•,â€œcoldâ€•,or normally active when imageable
with 9OmTcwas always concordant with the cone
sponding area in each of the thyroids reimaged with
1311 (Figs. 4Aâ€”D and 4A'â€”D'). Therefore only 15

of 66 thyroids with a 99mTcâ€œhotâ€•nodule (Figs. 4C)
were reimaged with 1311(Fig. 4C') , whereas all prob
ably should have been restudied with 1311(8,16).

With only 35,000 dots (Figs. 4B' and 4C') , 90%
of the 1311repeat images done when 9omTc failed
were â€œdiagnosticâ€•.By accumulating more dots over
a long period, nearly all eventually became inter
pretable (Figs. 4A', 4D'; 5A'â€”D'). The exceptions
were from two patients with thyroiditis in whom the
unsuppressed 1311uptake was zero.

FIG. 1. Optimizedscintiphoto:largethyroidimage,lOOKfIne
dots; f/i 1 image is made best. But triple image is always needed:
pyramidal lobe, area of low activity, is well defined in f/8 over
exposed image, whereas 3-mm â€œcoldâ€•nodule is obscured by encom
passing high activity area and is best visualized in ff16 image.

exposed to obtain 100,000 high-resolution dots with
the dot intensity adjusted to make the f/i 1 image
optimal (Figs. 1 and 2A) . This procedure usually
took 1â€”6mm. Then to measure thyroid size, a sealed
micropipette 30 mm long, containing about 0.5 jzCj
of H275SeO3, was taped along the thyroid without
moving the patient and imaged at high intensity for
60 sec with the window set for the 260-keV gamma
ray (Fig. 2B). If a thyroid nodule had been palpated,
its exact location relative to the thyroid image was
recorded by a 5-@tCiT5Seâ€œwandâ€•point source (Fig.
2C) . When a â€œcoldâ€•nodule was suspected but not
located, oblique views occasionally revealed its in
dentation on active tissue (Fig. 3). When the 99mTc
image was of poor quality, 50â€”100 @Ciof Na131I,
depending on the uptake, was given orally, and the
thyroid was reimaged the next day (Figs. 4A'â€”D'and
SA'â€”D').

RESULTS

In 944 of the I ,000 patients, the 9nmTc image
(Figs. i-.3 ; 4A-.D) was interpretable (Table 1).
Early in the study, patients whose 1311uptakes were

131
I uptake 28%

99mTimageSize
markerPalpated nodulemarked2mCi99mT0.5
@Ci75Se5 @Ci75Se

FIG. 2. 10 X 15 mmâ€œcoldâ€•nodule
proved to be 10 X 10 X 15.mm nodule
of papillary carcinoma in right lobe of
thyroid. Left lobe was normal. A, B, and C
were imaged sequentially without moving
patient.

3 k coarse 150 75Se + 10 k 99mTc coarse

60 sec 3 sec + 27 sec

DOTS 100 k fine

IMAGE TIME 271 sec

674 JOURNAL OF NUCLEAR MEDICINE



Â°9â€•TcANDi:tij COMPOUNDSFORTHYROIDSCINTIPHOTOGRAPHY

42 yr 9
Palpable nodule LIP

24-hr 1311uptake 19%

99mTCO

detection by the NaI(Tl) crystal (25) and collima
tion by the pinhole (24) of the Anger camera.

Because of the favorable 1@1IT/N-B ratio (usu
ally 4: 1â€”50:1 after 24 hr) which offsets the low
i:ti I gamma flux, thyroid images with fewer, coarser,

brighter dots can be of good quality (Figs. 4A'â€”D'
and 5A'â€”D'). Despite limiting the use of 1311to
â€˜Â°@â€˜Tcimaging failures, 90% of our 1311images were
â€œdiagnosticâ€•with only 35,000 dots (Figs. 4B' and
4C') . By accumulating more dots for a longer period
(Figs. 4A', 4D' and 5A'â€”D'), nearly all eventually
became interpretable. These excellent results with
â€˜@â€˜Iin thyroids difficult to image are contrary to
many reports (6,8,14,21).

Scintiphotos with Â°Â°@â€˜Tchave typically a thyroid
image of high resolution but with low contrast in a
high activity background, whereas 1311 images are
less well resolved but with high contrast in a low
activity background.

Only 1311should be selected for the postoperative
management of thyroid carcinoma with or without
metastasis. A large radiation dose is tolerable, so
greater amounts of 1311 (up to 2 mCi) may be ad

GOOD â€œIc AND â€˜@â€˜iIMAGE CORRESPONDENCE

Normal thyroid with pyramidal lobe

@ uptake 25% A@ @A'

100 k @f@iitjISternc,I@ 75 k
206 se@ notch â€˜@ 807 sec

Multinodular goiter

t3Ij uptake 15@@ k (Ã¸I@@ ft 08

248 sc@ Jil

â€˜Hotnodule

â€˜@â€˜iuptake l:;y:ecCâ€¢ ;

â€˜Cold substernal nodule

uptake 8%

Oblique views needed

LEFT ANTERIOR
OBLIQUE

FIG. 3. â€œColdâ€•noduleis obscuredby activityof underlying
left lower lobe in anterior and left anterior oblique views. In right
anterior oblique view its indentation is visible. Properly registered,
RAO and LAO paired images may be viewed stereoscopicallyfor
a three-dimensional image.

DISCUSSION

Radiation dose. A I 5-gm thyroid with a 24-hr 1311
uptake of 30% receives a calculated 210 rads from
100 @Ciof 1311given orally (1 7) and about 0.81
rad from 3 mCi of OOmTcgiven intravenously (18).
The whole-body dose is about the same from either:
approximately 0.040 rad (18,19). Small children
receive a much higher thyroid dose in rad4tCi from
1311 (17,19). Since a 200-fold reduction in thyroid

radiation is desirable in a routine procedure, 9omTc
is preferable to 1311for routine thyroid scintiphotog
raphy in adults, and mandatory in infants. However,
when 1311thyroid imaging is performed only when
99mTc imaging has failed, frequently not much of

the 1311is organified and/or the concentration in a
large thyroid is low so that the 1311radiation ex
posure may be 10 times less than in normal thyroids:
for example, in a 15-gm thyroid with 3 % 1311uptake,
or a 150-gm goiter with 30% uptake (20).

Duration of imaging procedure. Good thyroid
O9mTc scintiphotos should contain 100,000 fine

dots and a large thyroid image. These are usu
ally produced in 1â€”6mm (Figs. 1, 2, 4Aâ€”D,5A).
Using a fairly large amount of 1311(50â€”100pCi),
images as good as those made by 9omTccan be ob
tamed after 24 hr with fewer but coarser, more in
tense dots (35,000â€”50,000) in 5â€”i2 mm (Figs.
4B'â€”D'). Therefore the routine use of oumTcinstead
of 1311saves time for patient and laboratory by halv
ing both the number of visits and the imaging time.

Thyroid/neck background (TIN-B) ratio. The poor
9emTc T/N-B ratio of 1 .2 : 1â€”4: 1 (15) is due to both

a normal O9mTcthyroid uptake of only 1â€”5% (21)
and early imaging (after 30 mm) before much free
pertechnetate ion can be excreted (22,23) . The poor
9emTcT/N-B ratio is offset by the high @mTcgamma
flux (24) and energy ( 140 keV), favorable for

ANTERIOR RIGHTANTERIOR
OBLIQUE

@)â€˜

FIG. 4 A' had50 MCi;B',C',andD' had100 zCiâ€œil.Bhad
fetal adenoma removed from left lobe in 1957. Right lobe meas
ures 45 X 55 mm. C had tracheostomyin 1962. â€œHotâ€•nodule is
autonomousand does not suppresswith thyroxine. In D left lobe
measures 35 X 55 mm. Note that most of @â€˜@Iimage times are
much longer than those for SOmTCOriginal triple images reveal
much more detail than can be reproduced in single image (cf.
Fig. 1).
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to accentuate areas of activity from background. But
â€œlower10% wipeoutâ€•(27) inherent in single scans
is obviated by the triple image scintiphoto, which
simultaneously brackets the best image with an under
and over-exposed image, extending the density range
four-fold (Fig. 1) . The f/8 over-exposed image dem
onstrates low activity areas well, but a small â€œcoldâ€•
nodule encompassed by an area of high activity is
obscured. The f/ i 6 under-exposed image does not
register low-activity areas, but the â€œcoldâ€•nodule
missed by the f/8 image is over-emphasized. The
best f/i 1 image is a compromise. Therefore, all three
images should be inspected simultaneously. Scan
ning lines which, blended or not, always degrade the
image, are absent from scintiphotos. The gamma
camera image can be magnified conveniently for even
better resolution, or minified for a larger field of view.
Five-millimeter â€œcoldâ€•nodules are readily detected
(Fig. 1).

Oblique views, either alone or as a stereoscopic
pair (Fig. 3 ) , are helpful for locating a â€œcoldâ€•nod
ule (28).

We are exploring the dynamic potential of the
Anger camera in quantifying blood flow and radio
nuclide concentration of 75Se-selenomethionine in
â€œcoldâ€•nodules compared with adjacent normal thy
roid tissue, in an attempt to differentiate thyroid car
cinoma from benign lesions.

The best method for imaging the thyroid routinely
appears to be 9OmTcscintiphotography (14).

CONCLUSIONS

When optimized, the best method for routine
imaging of the thyroid is eomTc scintiphotography.
Its merits are: low thyroid radiation dose, technical
simplicity and speed, and consistent yield of good
thyroid images. Scintiphotography with 1311should
not be performed routinely but should be reserved
for reimaging after @@mTcfailure where, because of
poor uptake and/or large goiter, the thyroid radia
tion dose may be much less than usual. Iodine-13i
should also be used to evaluate all 99mTcâ€œhotâ€•nod
ules, to diagnose substernal or ectopic activity, and
to define equivocal â€œcoldâ€•nodules. Only 1311should
be used for the postoperative management of thyroid
carcinoma.
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