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Introduction

Although the diagnosis of thyroid
function is now made primarily by the
assay of serum hormone levels,
radionuclide uptake tests retain a con-
firmatory or clarifying role when other
tests are ambiguous or contradictory,
and are useful adjuncts in the inter-
pretation of thyroid scans. The classi-
cal 20 minute Tc-99m uptake has the
advantages of being both a diagnostic
scan and a thyroid function test, and
also saves time and money.! Several
authors have demonstrated that
Tc-99m can be used reliably in uptake

function

and functional studies of the thy-
roid.?? The reluctance to accept Tech-
netium in this role is largely related
to the complexity and methodology
required to subtract extrathyroidal
background activity in the neck.!* It
has also been found that hyperthyroid
patients with nodular goitre have sig-
nificantly lower uptakes than those
with diffuse goitre.® Furthermore it is
known that the normal thyroid up-
take levels differ from population to
population and from area to area, and
that they are dependent on the meth-
odology employed.® The present
study was designed to show the value
of the Tc-99m thyroid/salivary gland
ratio as a practical and simple index
of thyroid function. The technique’s
results are not influenced by the ex-
tra-thyroidal background, surface
nodularity of the thyroid gland, popu-
lation group or geographical area.’”
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Materials and
methods

The study comprised a total of 34
patients (6 males and 28 females)
whose diagnoses were determined by
clinical and laboratory examinations,
including serum T4, T3, TSH and T3
resin uptake. There were 22 euthy-
roid patients (aged 33 to 81, mean:
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Table I: Results
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61 years), while 12 hyperthyroid pa-
tients were included (aged 17 to 85,
mean: 46 years). Tc-99m was used
as a tracer, and SmCi was injected into
an antecubital vein. Imaging was com-
pleted 20 minutes later using a Sie-
mens large field of view camera with
a pinhole collimator, followed by the
20 minute Tc-99m uptake calcula-
tion. The uptake was calculated us-
ing background and decay-corrected
counts in the region of interest around
the thyroid. These counts were con-
verted to activity in MBq using a cali-
bration factor obtained from meas-
uring a thyroid phantom with known
activity with the same camera set-up.
The calculated activity was converted
to uptake by comparing it to the pa-
tient’s known injected activity.
Imaging for the thyroid/salivary
gland ratio method was completed
using a Gemini 700 camera with high
resolution parallel hole collimator.
Static uptake images were acquired
20-25 minutes post injection. The
field of view included both the sub-
mandibular gland and the thyroid. A
profile was drawn from the sub-
mandibular gland to the hottest area
of the thyroid in cases of nodular goi-
tre. The ratio between the maximum
activity in the thyroid and the maxi-
mum in the submandibular gland was
determined from the profile.

Results

The thyroid/salivary gland ratio was
compared to the 20 minute Tc-99m
uptake. The study results were evalu-
ated by comparison with laboratory
results as well as by clinical evaluation
(as summarised in Table I). The ratio
of the count in the thyroid to that in
the submandibular gland is a measure
of thyroidal trapping of Technetium.
Normally this should be 7:1 or less for

ratio

Thyroid/Salivary

20 min Tc-99m
uptake

Final status

65 17
47 49
60 20
40 67
68 23
70 39
72 34
53 47
51 33
42 72
3% 135
47 15
58 11
28 75
70 77
46 25
17 35.1
37 16.2
46 47
52 48
72 25
40 93
70 192
43 82
53 39
7 56
39 12.4
3 63
74 21
61 49
68 23
81 25
85 108
50 24
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1.2 Euthyroid nodular goitre
3.2 Euthyroid nodular goitre
1.8 Euthyroid without goitre
34 Euthyroid diffuse goitre

1.0 Euthyroid nodular goitre
1.6 Euthyroid nodular goitre
14 Euthyroid without goitre
2.6 Euthyroid without goitre

1.1 Euthyroid nodular goitre
3.2 Hyperthyroid nodular goitre
187 Hyperthyroid diffuse goitre
0.6 Euthyroid nodular goitre
0.8 Euthyroid nodular goitre
79 Hyperthyroid diffuse goitre
10.1 Hyperthyroid nodular goitre
2.8 Hyperthyroid nodular goitre
457 Hyperthyroid diffuse goitre
9.3 Hyperthyroid diffuse goitre
5.0 Euthyroid without goitre
21 Euthyroid without goitre
24 Euthyroid without goitre
8.2 Hyperthyroid diffuse goitre
8.9 Hyperthyroid nodular goitre
72 Hyperthyroid diffuse goitre
3.6 Euthyroid without goitre

a1 Euthyroid diffuse goitre

84 Hyperthyroid nodular goitre
3.9 Euthyroid diffuse goitre

07 Euthyroid nodular goitre
23 Euthyroid without goitre
32 Euthyroid nodular goitre
4.1 Euthyroid diffuse goitre
17 Hyperthyroid nodular goitre
3.1 Euthyroid nodular goitre

» Thyroid/salivary ratio: euthyroid 7:1 or less, hyperthyroid more than 7:1
» 20 min Te-99m uptake: euthyroid 2%-6%, hyperthyroid more than 2%, hypothyroid less than 2%.
» Final status: determined by laboratory examination and clinical evaluation.

euthyroid patients and more than 7:1
in hyperthyroidism.” The normal up-
take level of Tc-99m at 20 minutes is
from 2%-6%. Less than 2% supports
hypothyroidism and more than 6% sug-
gests hyperthyroidism.® Eleven of the
12 biochemically hyperthyroid patients
(92%) were correctly diagnosed by the
thyroid/salivary gland ratio, while the
classical 20 minute Tc-99m uptake
detected 9 of the 12 (75%). The one
patient who was biochemically toxic
and yet euthyroid on both thyroid/
salivary ratio and the 20 minute
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Tc-99m uptake, had undergone com-
puted tomography scanning with io-
dinated intravenous contrast prior to
scintigraphy (Case 16). The thyroid/
salivary ratio detected the biochemi-
cally euthyroid patients well. Inter-
observer variability was absent since
all patients were classified into the
same group by two independent ob-
servers blinded to the biochemical
results. The 20 minute Tc-99m up-
take incorrectly classified 9 of 22 eu-
thyroid patients (41%) as hypothyroid
(Figure 1).

to page 14



Thyroid/salivary gland ratio for
improvement of Tc-99m thyroid

uptake as a test of thyroid function

namely Grave’s disease

and toxic nodular goitre,

are associated with in-
creased trapping of
radionuclides by the thy-
roid gland'?. As a result,
these causes of hyperthy-
roidism are amenable to
treatment with radio-io-
dine.>" In contrast, there
are many causes of thyro-
toxicosis with classic bio-
chemical findings of high
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7:1. (Case 16 omitted)

Figure 1(a): Thyroid/salivary gland ratio shows no overlap between
euthyroid group and hyperthyroid group. The normal ratio is below

roid hormones and sup-
pressed TSH in which the
radionuclide uptake by

the thyroid is low rather

50

40

20 min Tc—-99m uptake
2
T

than high. None of these
conditions is particularly
common and most cannot
and should not be treated
with radio-iodine.'* Syn-
1 || dromes of thyrotoxicosis
with low isotope uptake
include subacute thyroidi-
tis and factitious hyper-
thyroidism. Although

Euthyroid

L
Hyperthyroid

[-123 would be an ideal
tracer to determine thy-

Is from 2%-6%. (Case 16 omitted)

 Figure 1(b): 20 min Tc99-m uptake shows overlap between the
| euthyroid group and the hyperthyroid group The normal uptake level

roid uptake measurement
since it is physiological, its
drawbacks include not

Seven of these 9 patients had
nodular goitres. This further empha-
sizes the fact that uptake measure-
ments are significantly underesti-
mated by 20 minute Tc-99m uptake
in nodular goitres.

Discussion®

Radionuclide uptake tests are rel-
evant to the diagnosis and treatment
of thyroid disease. Their role in the
management of hyperthyroidism is
acknowledged.*!*!" The most com-
mon causes of hyperthyroidism,

being easily available, its
expense and [-124 contamination.®
Therefore many physicians still use
Tc-99m for uptake measurements,
even though it is only trapped with-
out organification. It also has the ad-
vantages of being easily available,
cheap, and delivering less radiation to
the patient than radio-iodine.'” The
20 minute Tc-99m uptake has been
shown to be diminished in nodular
goitres.*>1213 The complexity and
methodology of  subtracting
extrathyroidal background activity in
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the neck also contribute to the reluc-
tance in accepting 20 minute Tc-99m
uptake as a standard test."* These fac-
tors could lead to suboptimal manage-
ment of patients with thyroid disease,
especially in those with hyperthy-
roidism. Our findings also confirm this
in the patient with the thyroid/salivary
gland ratio and biochemistry indicat-
ing hyperthyroidism and yet a euthy-
roid 20 minute Tc-99m uptake (Fig-
ure 2). Furthermore, the 20 minute

Figure 2:Toxic nodular goitre with fhyroid/éalivafy gland
ratio above 7:1 despite a normal 20 min Tc-99m uptake
level (case 10).

Tc-99m uptake mis-classified patients
who were euthyroid on both biochem-
istry and the thyroid/salivary gland ra-
tio as being hypothyroid. The thyroid/
salivary gland ratio correlates well with
visual evaluation. In typical thyrotoxic
patients the submandibular glands are
not visualized (Figure 3), whereas with
euthyroid patients the submandibular
glands are always visualized (Figure 3).

Figure 3: Thyrotoxic
gland (above; case 17),
and euthyroid gland
(below ; case 8).
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Following suppression, the activity in
the submandibular glands usually ex-
ceeds thyroid activity.'®3 The overall
accuracy of the visual index of thy-
roid function compared to radio-ac-
tive iodine uptake is 94%.'° Another
crucial point is that this method is not
influenced by the patients’ population
group or geographical area.” Because
of the advantages mentioned above
the thyroid/salivary gland ratio
method should ensure that thyrotoxic
patients who could benefit from ra-
dio-iodine therapy are not overlooked
by the use of alternate methods such
as the 20 minute Tc-99m uptake
method.

Conclusion

The thyroid/salivary gland ratio
method is a simple, reliable and  in-
formative test of thyroid function and
is preferable in many ways to the 20
minute Tc-99m uptake studies in the
diagnosis of hyperthyroidism,

especially in cases of nodular goitre.
The information provided by the thy-
roid/salivary gland ratio is comple-
mentary to in vitro thyroid function
tests and is important in differentiat-
ing subacute thyroiditis and factitious
hyperthyroidism from Grave’s disease
and toxic nodular goitre, hence assist-
ing in correctly identifying patients for
[-131 therapy. The method is also
suitable as a routine screening test as
it combines a functional and visual
display of the thyroid gland without
any additional time to the patient.
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United Medical Enterprises Limited are involved in important health care projects in the Middle East.
We currently have the following requirements in Saudi Arabia.

Senior Radiographer -
Cardiac catheterisation laboratory - Jeddah

_I The successful candidate should hold a BSc in Medical Radiation Technology, DCR
or equivalent. Three years experience in cardiac radiography, together with the
capability of operating specialised equipment without supervision is also required.

I Benefits for this post include competitive salaries, free furnished accommodation,
End of Service Award and generous holiday allocation.

Please forward a comprehensive CV to:

Karen Beardsell, United Medical Enterprises Limited, 20 Newcomen Street, London SE1 1YR,
Great Britain, tel 0944 171 378 1898, fax 0944 171 378 0706.

Applications for future vacancies in all disciplines are welcome.
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