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Twelve patients with solitary autonomous thyroid nodules were scanned
with [99â€•Tc] pertechnetate and by fluorescent imaging. Nodular dimen
sions were essentially identical on the two types of scans, but the relative
scan densities in the nodular versus extranodular areas demonstrated strik
ing differences. in 11 of the 12 patients, the ratio of nodular-to-extranodular
radiotracer accumulation was significantly higher than the ratio of nodular
to-extranodular iodine content. In two patients with no demonstrable
extranodular radiotracer accumulation by initial pertechnetate scan, extra
nodular tissue was demonstrated by fluorescent imaging. in such cases,

fluorescentscanningmayeliminatetheneedfor a secondradionuclidescan
following TSH stimulation to visualize the extranodular tissue.

Fluorescent scanning offers a unique new method for aiding the evdua
tion of patients with suspected autonomous nodules, and can facilitate the

diagnosLs in some cases. The maintenance of relatively uniform iodine
concentration between nodular and extranodular tissues is an intriguing
finding that bears further investigation.

J NuciMed18: 1064-1068,1977

The amount of extranodular tissue demonstrated
by conventional emission scanning is highly variable
in patients with solitary autonomous thyroid nodules
(1â€”5).In somepatients,noextranodulartracerup
take is demonstrated initially, and a repeat scan
following TSH stimulation is necessary to visualize
the extranodular thyroid tissue. In other cases, the
entire gland is visualized and the actual limits of the
nodule may not be well delineated by the baseline
emission scan ( 1) . The reason for these differences
is most likely the variability in hormone production

by autonomous nodules. The greater the percentage
of total hormone requirement that is produced by
an autonomous nodule, the greater is the degree of
TSH suppression, and as a result extranodular tissues
progressively fail to concentrate the radiotracer.

We have had the opportunity to study 12 patients
with solitary autonomous thyroid nodules by both
conventional emission imaging using [oftmTc] per
technetate and fluorescent scanning. The pertechne
tate scans provide a map of the transport function
or trapping function of active follicles. The fluores

cent technique does not require the administration of
a radiotracer, but provides a map of the distribution
of iodine in the thyroid gland (6â€”8). Analysis of the
similarities and differences between the radionuclide
scans and the fluorescent scans forms the basis of
this report.

MATERIALS AND METHODS

Patients with suspected autonomous thyroid nod
ules were divided into two categories. If the initial
pertechnetate scan revealed no functioning extra
nodular tissue (Fig. IA), autonomous function was
established by failure of the 24-hr radioactive iodine
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between maximum film density in the nodular and
extranodular tissues was determined with a film den

sitometer. Nodular and extranodular areas were sys
tematically surveyed, and a minimum of five readings
obtained from each area. After correction for film
density, the ratios between the maximum readings
in the nodular and extranodular areas were calcu
lated.

Nine of the twelve patients had 24-hr radioiodine
uptake determinations initially. Two patients demon
strating no extranodular tissue on initial radioiodine
scanning had repeat 24-hr radioactive iodine uptake
determinations after Cytomel administration. In all
patients, the serum T4 was determined by competi
tive protein-binding assay, and T:@resin uptake deter
minations were also obtained.

RESULTS

In this study, all 12 patients with solitary autono
mous thyroid nodules were judged to be euthyroid.

Three of them had 24-hr radioactive uptakes above
the normal range for the clinic, but had normal
serum T4 and T3 resin uptakes (Table 1),

In two patients, no extranodular actvity was dem

onstrated on the initial pertechnetate scan (Fig. 1A).
(Note : In each case this was confirmed by repeating
the scan using factors determined by set-up over a
background area outside the nodule. ) In each of
these cases, the fluorescent scan demonstrated iodine
concentration in the extranodular tissues (Fig. ID).
The extent of extranodular tissue seen on the fluores
cent scans paralleled that of the extranodular tissues
demonstrated by repeat emission scanning after the
administration of TSH (Fig. 1C, D).

In the remaining ten patients, the initial emission

scans demonstrated faint to moderate extranodular
Tc-99m accumulation (Figs. 2, 3 ) . In nine of the ten
patients in this group, the ratio of nodular-to-extra
nodular tracer concentration demonstrated by the
emission scans was greater than the ratio of nodular
to-extranodular iodine demonstrated by the fluores
cent scans (Table 1 ) . In three of the ten, there was
little or no difference in stable iodine concentration
between the nodular and extranodular tissue (Fig.
2A, B) . On the fluorescent scans the density ratios in
these three patients measured I .1 : I (Table 1, Cases
3, 7, 10). In nine of the ten patients demonstrating
some extranodular Tc-99m accumulation on the
scan, the extent of the extranodular thyroid tissue
demonstrated by fluorescent scanning was greater
than that demonstrated by the initial emission scans
(Figs. 2, 3 ) . In one patient there was essential agree
ment between emission and fluorescent scans; nodu
lar dimensions, the extent of extranodular tissue,
and the relative densities of the two photoscans in
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FIG. 1. Case 1. (A) Initial pertechnetate emission scan in pa
tient with lobulated thyroid nodule in right lobe. (B) Pertechnetate
scan, repeated after Cytomel suppression, confirms that all tissue
visualized initially is non-suppressible. (C) Pertechnetate scan after
TSH stimulation reveals left lobe. (D) Fluorescent scan demonstrates
little gradient in iodine concentration between nodular and extra
nodular areas.
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uptake to decrease by more than 50% after 10 days
of suppression with 100 @gCytomel daily. Repeat
pertechnetate images were also obtained (Fig. IB)
to assess any change in the size or configuration of
the apparently autonomous nodule, and repeat scans
were obtained after administration of TSH to dem
onstrate the extranodular tissues (Fig. 1).

When the initial pertechnetate scan revealed ex
tranodular tissue, autonomous function was consid
ered established if a repeat scan after the same
regimen of Cytomel demonstrated relative suppres
sion of extranodular activity with persistent radio
tracer concentration by the nodule ( I ,2,5).

The emission scans were obtained on a rectilinear
scanner with a low-energy, fine-focus, collimator
with a 3-in. focal depth. Two to 5 mCi of [oomTc}

pertechnetate were injected intravenously and imag
ing was begun in 20â€”30 mm. Scanning was per
formed with no background subtraction (contrast
range differential = 100% ). Patients with proven
solitary autonomous thyroid nodules were then im
aged with a fluorescent scanning system to depict
the distribution of iodine within the thyroid gland,
and to quantitate total glandular iodine (6â€”JO),

Comparisons were made of the respective nodular
dimensions on the emission and fluorescent scans.
The two types of scans were submitted to independ
ent observers for nodular measurement. Ratios of
nodular-to-extranodular radioactivity and iodine
content were also compared in each case by analysis
of relative densities on the scans. The qualitative ap
pearances were first assessed, and then the ratio
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the areas of the nodule in contrast to extranodular
tissue, were almost identical (Table 1, Case 12).
This patient had very little extranodular tissue due
to prior surgeryand probablyfor thisreasondemon
strated the highest nodular-to-extranodular ratio by
fluorescent imaging.

In one of 12 patients (Table 1, Case 3 ), the di

A

FIG. 2. Case3. (A)Pertechnetateemissionscandemonstrates
marked tracer accumulation in solitary autonomous nodule in right
lobe. Faint uptake is visualized in extranodular areas, and ratio
of nodular-to-extranodular tracer concentration is very high. (B)
Fluorescentscan in same case reveals essentially no gradient in
concentration of iodine between nodule and extranodular areas.

mensions of the nodule could not be measured on
the fluorescent scan. The nodule was in the lower
pole of the right lobe and the density gradient was
too low to differentiate the nodule from the remain
der of the lobe (Fig, 2A, B). In four cases, the
nodule comprised essentially all of one lobe (Table
1, Cases 1, 2, 7, 10). Measurement in tliiese cases
was possible only after correlation with the emission
scans for nodule identification. In the remaining
seven cases (one is illustrated in Fig. 3 ), the nodules
were delineated on both types of scans. The size
correlation was quite good, with a coefficient of .92
(P < .01 ). The correlation did not change signifi
cantly when Cases 1 , 2, 7, and 10 were also in
cluded.

Total thyroid gland iodine averaged 8.7 mg Â± 4.7.
s.d., with a range of 2.4 to 177 mg (Table 1).

DISCUSSION

The demonstration by fluorescent scan of signifi
cant extranodular iodine concentration in patients
with solitary autonomous nodules in this series sup
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extranodular tissues in the patients demonstrating
apparently complete functional suppression of the
extranodular thyroid tissue may be an indication
either of incomplete suppression or of insufficient
time of suppression to permit appreciable leakage
of iodine from the extranodular tissue.

The first hypothesis (incomplete TSH suppres
sion) is consistent with recent work of Kamiel, Hall,
and Nicoloff (1 1 ), indicating that T3 administration
in replacement dosages to euthyroid subjects dimin
ishes but does not completely inhibit thyroidal pro
duction and secretion of T4. Since the T4 production
rate in their study of patients with pituitary and hy
pothalamic hypothyroidism was significantly lower
than in the euthyroid subjects receiving replacement
T3, they concluded that extrinsic stimulation, pre
sumably by TSH, was responsible for maintaining
the T4 secretion in the latter subjects ( 11 ) . If this is
indeed the case, an analogy may exist with euthyroid
patients with autonomous nodules, and failure of
the radionuclide scans to demonstrate the extranodu
lar tissues simply indicates their relative insensitivity
in distinguishing absent from greatly diminished
function. The second hypothesisâ€”of insufficient time
for appreciable leakage of iodineâ€”could apply in
some cases, particularly those of recent onset. To
evaluate this possibility, followup scans and repeat
thyroidal iodine quantification are being obtained to
assess interval change in selected patients. No change
has been observed, however, in one case followed
for 14 mo.

In the patients demonstrating some function of
the extranodular tissues by radionuclide scan, there
is continued stimulation by TSH of the extranodular
tissues although at lower than normal levels (1,3).
Iodine concentration could be maintained if uptake
and excretion remained balanced. It is also interest
ing, in this regard, that the average total thyroidal
iodine content in these patients was 8.7 mg. Al
though the sample is small, this is not significantly
different from the 10.1-mg average for euthyroids
in our clinic.

For most of the nodules in this series, the corre
lation in size determined by the two types of scans
was quite good. However, the comparatively low
nodular-to-extranodular density ratios obscured rec
ognition of some nodules on fluorescent scans alone.
In such cases, the significance of the fluorescent scan
pattern will become apparent only when correlated
with the emission scan and/or findings by physical
examination.
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FIG. 3. Case6. (A) Pertechnetateemissionscan reveals soli
tary autonomous nodule in lower pole of left lobe, and faint extra
nodular tracer uptake. (B) Nodule is clearly delineated on fluores
cent scan in same case, but extranodular tissues are visualized to
significantly greater extent.

ports the previous observations of Hoffer and Gott
schalk in three patients with this condition (6).
Based on a qualitative evaluation of the fluorescent
scans, they judged one of their patients to have nor
mal iodine content in the extranodular tissues, and
the other two to have increased iodine content in
both nodular and extranodular areas. One of the
latter patients was thyrotoxic. Corresponding radio
nuclide emission scan images were not described.

Although the ratios encountered in the emission
scans in our series are undoubtedly influenced by
the use of pertechnetate rather than radioiodine, the
relative lack of a concentration difference in iodine
between the nodular and extranodular tissues, con
trasted with the striking functional difference in the
capacity to concentrate radiotracer, remains an in
teresting finding with both clinical and theoretical
implications. In the two patients demonstrating com
plete suppression of extranodular radiotracer accu
mulation, the fluorescent scans demonstrated ex
tranodular thyroid tissue. Since the presence of
extranodular tissue was readily established by the
fluorescent image, scanning studies following TSH
stimulation would not be necessary to complete the
diagnostic work-up if fluorescent scanning is avail
able. Of direct benefit to the patient is the fact that
both the pertechnetate scan and the fluorescent scan
can be performed during the same visit to the clinic,
and the risks of injecting TSH, a bovine protein, are
eliminated. This will probably not involve a large
number of patients, but it does suggest a definite
clinical indication for fluorescent scanning.

From a theoretical standpoint, the disparity in ra
tios between nodular-to-extranodular iodine content
and radiotracer uptake is not fully explained, but it
is probably because the fluorescent scan reflects
iodine concentration in the thyroid gland and does
not depend on any short-term TSH-mediated func
tion, such as trapping, which is the basis for the
pertechnetate scan. The presence of iodine in the
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CARDIOVASCULARNUCLEARMEDICINE:A CLINICALTRAINEESHIP
The Subcommittee on Continuing Education and Course Accreditation with the Academic

Councilof theSocietyof Nuclearmedicinewill presentaprogramofferingauniqueapproach
to the study of heart disease. The program is specially designed in response to the needs of
communityhospitalcardiologists,nuclearmedicinephysicians,andnuclearmedicinetech
nologists.

The course will be offered on three occasions. The first of the programs will be held in
Toronto, Ontario, Canada, on November 19, 1977. The next two courses are tentatively sched
uledto beheld in Denver,Colorado,on February10,1978andin Boston,Massachusetts,on
April15,1978.

A follow-up hands-on preceptorship covering two days will be made available to physicians
and technologistswho successfullycompletethe course.

Programsandregistrationformswill beavailablebyOctober1,1977.Registrationis limitedto
400. This meeting has been approved for 24 hours of AMA Category 1 credit. For further
information contact:

Karen Chang
SocIety of Nuclear MedIcIne
475 Park Avenue South
New York,NY 10016
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