Quick Diagnosis of Hyperthyroidism with
Semiquantitative 30-Minute Technetium-9 9mMethoxy-Isobutyl-Isonitrile Thyroid Uptake
Chia-Hung

Kao, Shyh-Jen

Wang, Shu-Quinn

Liao, Wan-Yu

Lin and Chung-Yuan

Hsu

Department ofNuclear Medicine, Taichung Veterans General Hospital. Taichung, Taiwan, Republic of China

MATERIALS AND METHODS
Ten normal volunteers and 14 patients with hyperthyroidism
had pinhole thyroid imaging 30 mm after an intravenous

injection of 10 mCi @â€œTc-MlBl.
Technetium-99m-MlBl thyroid
uptake was calculated by the formula: [total counts with a
region of interest (AOl) over the whole thyroid gland] Ã·[(mean
counts of every pixel in the neck soft tissue) x (total number
of pixels in ROl over the whole thyroid gland)]. The results
showed that the 30 mm @â€œTc-MlBl
thyroid uptake ratios had
positive relationships with the 24 hr 131I-thyroiduptake (r =
0.79), and that the patients with hyperthyroidism had signifi
cantly higher 30 mm 99mTc..MIBIthyroid uptake than the
normal volunteers (5.31 Â±0.78 s.e.m. versus 2.35 Â±0.14
s.e.m., p < 0.005 using the Mann-Whitney U-test). Techne
tium-99m-MIBI thyroid uptake may be useful for the rapid
diagnosis of hyperthyroidism.

Ten normal volunteers (3 M, 7 F; 22â€”78yr) with normal
thyroid function and 24 hr â€˜@â€˜I
thyroid uptake (Table 1) and 14
patients with hyperthyroidism (2 M, 12 F; 20â€”72yr) who had
been diagnosed by typical clinical features, abnormal thyroid
hormones and increased 24 hr â€˜@â€˜l
thyroid uptake (Table 2), were
studied.
A commercial MIBI preparation (max. 5.55 GBq [150 mCi]
in approximately 1 to 3 ml) was obtained from the Dupont
Company (Cardiolite). The labeling and quality control proce
dures were carried out according to the manufacturer's instruc
tions. Labeling efficiency was always higher than 90%. Patients
were pretreated with 500 mg perchiorate to prevent uptake of
free [99mTc]pert@hne@tein the thyroid glands 30 mm before
intravenous injection of 370 MBq (10 mCi) @mTc-MIBI.
After
an additional 30 mm, the thyroid was imaged by a gamma camera
with
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onventional â€˜@I
thyroid uptake and scans reflect thy
roid function. However, â€˜@â€˜I
uptake may be influenced by
antithyroid drugs, and the measurement is usually made

24 hr after oral intake of â€˜@â€˜I.
Technetium-99m-MIBI
thyroid uptake is related to the mitochondria of the cells.
Both the number and activity of the mitochondria are
measured in thyroid glands with hyperthyroidism. In two
recent articles, 99mTCTBI (tertiary butyl isonitrile) and

99mTcMIBI were used for visualization of suppressed thy
roids (1,2). The uptake was higher in hyperfunctional
nodules than in suppressed normal thyroid tissues. In our
study, 99mTcMIBI thyroid uptake was used as an index to
predict thyroid function and to differentiate between eu
thyroid and hyperthyroid glands. It is based on another
mechanism which is different from the traditional 24-hr
131J thyroid

uptake

study.
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a pinhole

collimator

for a total

of 100,000

counts.

The

distance from the collimator to the neck was consistently 7 cm.
The 99mTc-MIBIthyroid uptake was calculated by the formula:
[total counts with an ROl over the whole thyroid gland] + [(the
mean counts ofevery pixel in the neck soft tissue) x (total number
of pixels in the ROl over the whole thyroid gland)] (Fig. 1A,B).

RESULTS
The results (Table 1,2) showed that 30-mm 99mTc@MlBl
thyroid

uptake

ratios

correlated

with

24-hr

â€˜@â€˜I
thyroid

uptake (r = 0.79) (Fig. 2) and that patients with hyperthy
roidism had significantly higher 30-mm 99mTc@MIBIthy
roid uptake than the normal volunteers (5.3 1 Â±0.78 s.e.m.
versus 2.35 Â±0.14 s.e.m., p < 0.005 using the Mann
Whitney U-test) (Fig. 3).

DISCUSSION
Hexakis (2-methoxyisobutyl
isonitrile) technetium (I)
(99mTcsestamibi) is a monovalent cation with a central
Tc(I) core that is surrounded by six lipophilic ligands
coordinated through the isonitrile carbon. Piwnica-Worms
et al. (3) investigated the fundamental myocellular uptake
mechanism of technetium sestamibi and found that its
transport involves passive distribution across plasma and
mitochondrial membranes, and at equilibrium it is se
questered largely within mitochondria by the large negative
transmembrane potentials. When plasma membrane po
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potentials are depo

larized, there is inhibition of net uptake and retention of
99mTc@tamibi

When

mitochondrial

and plasma

mem

brane potentials are hyperpolarized, there is increased
99mTcsestamibi cellular uptake and retention. Metabolic
derangements
could conceivably result in diminished
@Tc-sestamibi uptake independent of flow. This could
occur with metabolic-induced
membrane polarization
changes (4).

The thyroid uptake mechanism of @mTc@MIBI
is not
yet clearly understood. Based on microscopic findings,
more abundant mitochondria and blood flow are often
described in the thyroid glands of hyperthyroidism

(5).

We suppose that it should bind to the cytosol in the
follicular cell as in myocardium. The cationic charge and
lipophilicity of 99mTc..MIBI, mitochondrial
and plasma

TABLE 2
Comparison of @â€˜Tc-MIBI
and 1311
Thyroid Uptake in
Patients with Hyperthyr@dism

@.â€”

FIGURE1. A20-yroldfemalewithhyperthyroidism
hada free
T4 > 4.4 ng/dl (reference normal: 0.7â€”2.2),
T3 = 408 ng/dl
(referencenormal:85â€”1
65),T4 = 22.03 @g/dI
(referencenormal:
6.0â€”1
2.0), and TSH = 0.24 ,@U/ml(referencenormal: 0.4â€”5.0).
The 30-mm @â€œTc-MlBI
thyroid uptake was 10.46 and the 24-hr
1311

thyroid

uptake

was

79%.

membrane potentials ofthe follicular cell as well as cellular
mitochondrial content can play a significant role in thyroid
uptake ofthis agent (6,7). However, uptake may be caused
by an indirect phenomenon
such as increased thyroid
blood flow and capillary permeability.

In a review of the literature, 99mTc@MIBI
is taken up by
normal thyroid tissue and the metastases of thyroid carci
noma. This uptake cannot be affected by exogenous thy
roxine therapy (8). In two recent articles, 99mTc..TBI (an
earlier 99mTcisonitrile complex) and 99mTc@MIBI were
used for visualization of suppressed thyroids without TSH
stimulation (1,2). The biodistribution of @mTc@MIBI
is
characterized by rapid blood clearance and, consequently,
early uptake by target organs (9). The early imaging time
of thyroid glands, 20â€”40mm after intravenous injection
of 99mTcMIBI is adequate (1,10).

Another study found that perchlorate failed to inhibit

30-mm @9â€•Tc-MlBl24-hr1311
Patient
99mTcMIBI uptake by the thyroid (10). Pretreatment of
no.SexAge%
uptakeIF3112.82842F2010.46793F627.52744F545.17735F214.66706F653.87607F384.72688M344.01629F423.786310F343.716011F
thyroiduptake% thyroid
patients with perchlorate, either as sodium or potassium
perchlorate, can markedly alter the biological distribution
of [@mTc]pertechnetate. Perchiorate is a monovalent neg
ative ion of approximately the same ionic size as [99mTc]
pertechnetate. It blocks pertechnetate uptake in the thyroid
gland, salivary gland, gastric mucosa and choroid plexus
by competitive inhibition (11,12). Its effect on thyroid
uptake persists for up to 72 hr (13). Perchlorate may also

be given after tracer administration, since pertechnetate is
readily discharged from the thyroid and salivary glands. In
the present study, thyroid uptake should not be due to free
[99mTc]pertechnetate because we did not use 99mTc@MIBI
if the radiochemical purity was less than 90%. We also
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pretreated the patients with perchlorate, which inhibits the

uptake

Thirty

ratios

minute

@Tc-MlBl

correlated

well

with

24-hr1311
thyroiduptake(r = 0.79).
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In conclusion, these studies suggest that 99mTc@MIBI Research,Taiwan, Republic of China for the preparation and
uptake may be useful for the diagnosis ofhyperthyroidism.

30mm Tc-99m

7

MIBI thyroid

quality control of 99mTo-MIBI.

uptake

5.31+2x0.78

6

5.31

5
@

4

5.31-2x0.78

3

2.35.2x0.14

-H--2.35

2

2.35-2x0.14

1

FIGURE 3. Patientswith hyperthyroid
.,

.

Hyperthyroidi8m

.

Normal

ism

had

significantly

higher

30-mm

@â€œTc

MIBI thyroiduptake than normalvolun
teers.

Quick Diagnosis of Hyperthyroidism with @mTc-MlBl
â€¢
Kao et al.

73

isonitrile)technetium-99mcomplexes [Editorial),J Nod Med 1990:31:

REFERENCES

I. Kao CH, Lin WY, Wang Si, Yeh SH. Visualization ofsuppressed thyroid
tissue by Tc-99m MIBI. C/in Nuc/ Med l99l;l6:8l2â€”8l4.
2. Ramanathan R. Patel RB, Subrahmanyam N, Nayak UN, Sachdev SS,
Ramamoorthy N. Visualization ofsuppressed thyroid tissue by technetium
99m-tertiary butyl isonitrile: an alternative to post-TSH stimulation scan
fling.
JNuc/Med 1990:31:1163â€”1165.
3. Piwnica-Worms

D, Kronauge

iF, Chiu

ML. Uptake

and retention

of

I166,
7_ Chiu ML, Kronauge iF, Piwnica-Worms D. Effect of mitochondrial and
plasma membrane potentials on accumulation of hexakis (2-methoxyiso
butylisonitrile) technetium (I) in cultured mouse fibroblast. J NucI Med
l990;3 1:1646â€”1653.
8. Muller SP, Piotrowski

B, Guth-Tougelides

B, Reiners C, Tc-99m

MIBI

and Tl-201 uptake in thyroid carcinoma [Abstract]. J Nuci Med 1988:29:
854.
9_ Savi A, Gerundini

P. Zoli P. et al. Biodistribution

of Tc-99m

methoxy

isobutyl-isonitrile (MIBI) in humans, Eur J NuclMed 1989:15:597â€”600.

hexakis (2-methoxyisolbutylisonitrile) technetium(I) in cultured chick

10. Civelek AC, Durski K, Shafique I, et al. Failure of perchlorate to inhibit

myocardial cells. Mitochondrial and plasma membrane potential depend
efice. Circu/ation 1990:82:1826â€”1838.

Tc-99m isonitrile binding by the thyroid during myocardial perfusion
studies.
C/inNuclMed 1991:16:358â€”361.
11. Welch Mi, Adatepe M, Potchen El, An analysis of technetium kinetics.
JntiApp/Radiat
Isol 1969:20:437,
12. Lathrop KA, Harper PV. Biological behavior of Tc-99m and Tc-99m

4. BelIer GA, Watson DD. Physiological

basis of myocardial perfusion im

aging with the technetium-99m agents. Semin Nuci Med 1991:21:
173â€”181.
5_ Johannessen JV. Electron microscopy in human medicine. volume 10.
Endocrine organs. part two: the thyroid gland. New York: McGraw-Hill;
1981:29â€”107.
6. Piwnica-Worms

pertechnetateion. In:Progressin nuclearmedicine,neuronuc/earmedicine.
Baltimore: University Park Press; 1972:145,
13, Heck LL, Lathrop K, Gottschalk A. et al, In vivo perchlorate washout of

pertechnetatefrom thyroidgland [Abstract].J Nuc/Med 1968:9:323.

D, Holman LB. Noncardiac application of hexakis(alkyl

(continuedfrompage 70)

I
SELF-STUDY
TESTI
MedicineANSWERSfibrosis,
Pulmonary
Nuclear
II
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and distortion of pulmonary architecture.
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pulmonary sarcoidosis. There is evidence from in vitro experiments
associatedthe
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