
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-MlBlthyroid 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.

J NucI Med 1993; 34:71â€”74

onventional â€˜@Ithyroid uptake and scans reflect thy
roid function. However, â€˜@â€˜Iuptake 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
99mTcMIBIwere 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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Ten normal volunteers (3 M, 7 F; 22â€”78yr) with normal
thyroid function and 24 hr â€˜@â€˜Ithyroid 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€˜lthyroid 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 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€˜Ithyroid
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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FIGURE1. A20-yroldfemalewithhyperthyroidismhadafree
T4 > 4.4 ng/dl (reference normal: 0.7â€”2.2),T3 = 408 ng/dl
(referencenormal:85â€”165),T4= 22.03 @g/dI(referencenormal:
6.0â€”12.0), and TSH = 0.24 ,@U/ml(referencenormal: 0.4â€”5.0).
The 30-mm @â€œTc-MlBIthyroid 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@MIBIis 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@MIBIis
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
99mTcMIBI uptake by the thyroid (10). Pretreatment of
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

tentials or mitochondrial membrane 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@MIBIis 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

TABLE2
Comparison of @â€˜Tc-MIBIand 1311Thyroid Uptake in

Patients with Hyperthyr@dism
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I SELF-STUDYTESTI
II

PulmonaryNuclearMedicineANSWERSfibrosis,
a process leading to widespread interstitial fibrosis, bronchiolec- who will improve spontaneously (without treatment) from those who re

tas@s,and distortion of pulmonary architecture. quire medicalintervention.Gallium-67
images of the lungs are frequently abnormal in patients Thus, it appears that 67Ga uptake marks the presence of one ormorewith

pulmonary sarcoidosis. There is evidence from in vitro experiments components of the disease stages associated with active alveolitisandthat
the macrophages associated with the alveolitis and granulomas of granuloma formation. Gallium-67 localization has not beenassociatedthe
active disease become labeled with more 67Ga on a per-cell basis with pulmonary fibrosis per se, and hence may not correlate closelywiththan
do normal macrophages. Furthermore, this increased macrophage pulmonary function or with the appearance of the chestroentgenogram.uptake

of 67Ga in vitro correlates with the presence of positive 67Ga Patients who have pulmonary fibrosis but no 67Galocalization areunlikelyscintigrams.
to benefit from corticosteroid therapy, which appears to be most suc

Although the role of 67Gascintigraphy, as a means to stage or monitor cessful during the inflammatory phase of thedisorder.the
disease is controversial, patients with normal studies generally haveReferencesstable

pulmonaryfunction,suggestingthattheirdiseasesarequiescent. 1@ LineBR.HunriinghakeGW.KeoghBA,JonesAE,JohnstonGW.CrystalRGConversely,
positive 61Ga studies have been associated with deteriora- Gallium-67scanning to manage the alveolitisot sarcoidosis correlation with

tionof pulmonaryfunctionin most,but notall, patients.Furthermore, clinicalstudies.pulmonarytunctionstudies.andbronchoalveolarlavageAm
severalauthorshavedemonstratedaclosecorrelationbetweenpositive RevRespirDis1981,123,440-446.
gallium scintigrams and responsiveness to therapy. Most authors seem 2 KeoghBA,HunninghakeGW.LineBR,CrystalRG Thealveolitisot pulmonary

sarcoidosis.Evaluationot naturalhistoryand alveolitis-dependentchanges in
to agree that corticosteroid therapy is unlikely to benefit a patient with lung tunction Am Rev Respir Dis 1983:128256-265
sarcoidostswhohasa negative67Gastudy.Ontheotherhand,it ap-@ ThomasPD.HunninghakeGWCurrentconceptsofthepathogenesisofsar
pears that positive 67Ga scintigrams do not reliably distinguish patients coidosis.Am Rev Respir Dis1987,135.747-760For

further in-depthinformation,referto the syllabuspagesin NuclearMedicineSelf-StudyI.
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