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Evaluation of Technetium-99m-MIBI Scintigraphy
in Metastatic Differentiated Thyroid Carcinoma
Shinichi Miyamoto, Kanji Kasagi, Takashi Misaki, Mohammad S. Alam and Junji Konishi
Department of Nuclear Medicine, Faculty of Medicine, Kyoto University, Kyoto, Japan

Technetium-99m-methoxyisobutyl isonitrile ("Tc-MIBI) was eval

uated for its ability to detect mÃ©tastasesfrom thyroid carcinoma.
Methods: Twenty-seven thyroidectomized patients with metastatic
differentiated thyroid carcinoma, of whom 20, 9 and 12 had lung,
lymph node and bone mÃ©tastases,respectively, were examined
with ""Tc-MIBI. The scan results were compared with those of
201TI and 131Iwhole-body scans. Results: Increased accumulation
of 99mTc-MIBI was observed in lung mÃ©tastasesof 15 patients

(75.0%), 12 lymph node mÃ©tastases(100.0%) and 29 of 31 bone
mÃ©tastases(93.5%). Increased accumulations of 201TI and 131I

scans were seen in, respectively, 16 (80.0%) and 17 (85.0%) of the
20 patients with lung mÃ©tastases,12 (100.0%) and 5 (41.7%) of the
12 lymph node mÃ©tastasesand 28 (90.3%) and 27 (87.1%) bone
mÃ©tastases.Because of its better image quality, ""Tc-MIBI de
tected more lesions in the lung (n = 38) than 201T1did (n = 17).
Conclusion: Technetium-99m-MIBI is clinicallyusefulfor detecting
mÃ©tastasesfrom differentiated thyroid carcinoma and deserves
clinical application in the postoperative follow-up of such patients.

Key Words: technetium-99m-MIBI; metastatic thyroid cancer; thal
lium-201; iodine-131
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Aerum thyroglobulin measurements and whole-body scintig
raphy using I and 201T1 have been performed to follow

postoperative patients with differentiated thyroid carcinoma
(7-5). Like 201T1,99mTc-MIBI has been reported to localize in

various tumors (6-8). It also accumulates in thyroid tissues
with various pathological conditions, such as Graves' disease

(9), primary thyroid lymphoma (10), thyroid nodules (11),
Hurthle cell carcinoma (12), medullary thyroid cancer (13) and
distant mÃ©tastasesof thyroid cancer (14-17). Our present study
evaluated the ability of 99mTc-MIBI scintigraphy, as compared
with 201T1and 131I scintigraphy, to successfully detect mÃ©tas

tases from differentiated thyroid carcinoma.

MATERIALS AND METHODS

Patients
Twenty-seven patients (18 women, 9 men; age 58.2 Â±13.3 yr;

range 27-82 yr; mean Â±s.d.) with metastatic differentiated thyroid
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Medicine, Faculty of Medicine, Kyoto University, Kyoto 606-01, Japan.

carcinoma who visited Kyoto University Hospital from 1993 to
1995 were studied. All patients had previously undergone a total
thyroidectomy. The diagnosis was made on the basis of histological
findings observed in the resected specimen. Eighteen and nine
patients were diagnosed as having papillary and follicular carcino
mas, respectively. All patients were examined for metastatic sites
using both 99mTc-MIBI and 20IT1within an interval of less than 2
wk and then immediately treated with 3.7-5.55 GBq 131I.Thus,

most of these patients were hypothyroid at the time of scanning. One
week after treatment, whole-body 131Iscanning was performed.

A diagnosis of mÃ©tastasesfrom thyroid carcinoma was based on
findings of radiography, CT and MRI, histological findings,
increased serum thyroglobulin levels after total thyroidectomy,
negative in vitro test results for other tumor markers and absence of
nonthyroidal tumors evaluated by radiographie examinations. The
diagnosis was confirmed later in those who had a positive 131Iscan.

Clinical information on all 27 patients is presented in Table 1. Of
the 27 patients, 20, 9 and 12 had lung, lymph node and bone
mÃ©tastases,respectively.

Scintigraphy
Ten to 30 min and 3 hr after intravenous administration of 600

MBq 99mTc-MIBI, whole-body scanning was performed (early and

delayed scans, respectively) at 10 cm/min, with both anterior and
posterior view images obtained. Spot images of pathological areas
were taken if necessary. These images were obtained using a
gamma camera and a high-resolution collimator appropriate for

low (less than 180 keV) energy. A photopeak of 140 keV with
symmetrical 20% window was used.

Whole-body scanning was also performed 10 min after intravenous
injection of 74 MBq 201T1chloride at 10 cm/min. Planar anterior and

posterior images were obtained with the same gamma camera and
collimator as used for "Tc-MIBI scanning. A window at the 80

keV Â±20% was used for photon collection. In some patients, spot
images were used to compare "Tc-MIBI and 201T1scans (800-1000

kcts/view versus 400-500 kcts/view, respectively).
When post-therapy 131Iscanning was performed, a large field-

of-view gamma camera with a high-energy, parallel-hole collima
tor was used at 10 cm/min. The photopeak was 364 KeV with a
symmetrical 20% window.
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TABLE1Clinical
DataPatient

No.1

2
3SexMF FAge58

55
72HistologyPAC

FAC
PACMetastatic

site9th

rib
Th4, Th11
neck LN (1.0 cm) (2 sites)"Tc-MIBI

Tg*
e/d 201T1 131I(Â¿ig/litef)+/+

+ 1240
+/+ + + 79.0
+/+ + + 2530

lung (multiple; <0.2 cm)
1st rib

4 F 69 FAC lung (multiple; < 1.8 cm)
femur, pelvis

5 M 68 FAC 1st, 4th and 6th ribs, sternum,
sacrum, lumbar spine, sacroiliac
joint, pubic bone and femur

6 F 66 PAC neck LN (2 cm)
lung (multiple; 3.0 cm)

7 F 56 PAC mediastinal LN (2.0 cm)
lung (multiple; <1 cm)
skull, scapula, 1st rib

8 F 78 PAC neck LN (1.5 cm)
mediastinal LN (1.7, 6.5 cm)

9 F 82 FAC lung (multiple; <0.6 cm)
10 M 27 PAC lung (multiple; <0.2 cm)
11 M 57 PAC mediastinal LN (3.0 cm)

lung (multiple; <2.4 cm)
Th12-L3, iliac bone

12 F 64 PAC lung (multiple; <0.5 cm)
13 M 47 PAC lung (multiple; <1.0 cm)

femur
sacroiliac joint

14 F 56 PAC lung (multiple; <2.0 cm)
15 F 66 FAC lung (multiple; < 1.5 cm)

Tn9
Th11

16 F 69 FAC skull, Th (upper portion), sacrum
L1

17 M 58 FAC lung (multiple; <0.2 cm)
18 M 28 PAC lung (multiple; <0.3 cm)
19 F 58 PAC neck LN (1.2 cm)

lung (multiple; <0.7 cm)
skull

20 F 34 PAC lung (multiple; < 1.0 cm)
21 F 45 PAC lung (multiple; <0.3 cm)
22 F 43 PAC lung (multiple; <0.1 cm)
23 M 63 FAC lung (multiple; < 1.5 cm)
24 F 67 PAC mediastinal LN (0.8 cm)
25 F 61 FAC lung (multiple; <0.9 cm)

9th rib
femur

26 F 64 PAC neck LN (1.8 cm)
27 F 61 PAC mediastinal LN (2.0 cm)

lung (multiple; <2.0 cm)

+/+
+/+
+/n.d.
+/n.d.
+/n.d.
+/+
+/+
+/-
-/-
+/+
+/-
+/-
+/+
-/-
+/+
+/-
+/+
+/-

+/+
-/-
-/n.d.
+/+*
+/+
+/-
+/-
+/-*
+/-*
+/-*
+/-*
+/+
-/-
+/-
-/-
+/+
+/+
+/+

+t

+t

+
+
+
+
+
+
+
+

+
+
+
+

+
+
+
+

+ f

+
+

+f
+

+
+
+

+t

+
+
+
+
+

+
+
+
+
+

+
+
+f
+t
+
+
+
+
+f

+
+
+

+
+

>4000

>4000

325

>5000

1690

23.7
123
323

47.5
>5000

>5000
318

>5000

263
1700
167

15.8
320
198
1210
57.5

1562.3

5.1
>5000

*Serum thyroglobulin concentration was determined when suppressive doses of thyroxine were administered.

fDiffuse uptake.

Metastatic thyroid cancer was histogically confirmed in Patients 5 (1st rib), 8 (neck lymph node), 14 (lung) and 26 (neck lymph node), e/d = early
scan/delayed scan; PAC = papillary adenocarcinoma; FAC = follicular adenocarcinoma; nd = not done.

Evaluation
Scan images were visually evaluated independently by three

nuclear medicine physicians, and consensus was then reached
concerning the visualization or nonvisualizaion of lesions. In
patients with small diffuse metastatic lesions distributed in the
whole lung, the scan was defined as positive when diffuse
pulmonary uptake was greater than that in the mediastinum.

Serum Thyroglobulin Measurement
Serum thyroglobulin (Tg) concentrations were determined by

immunoradiometric assay using a commercially available kit (nor

mal range, <50 /xg/liter). Anti-Tg antibodies that would affect Tg
measurements were not detected in any of our patients.

RESULTS
Positive scan results with 99mTc-MIBI were obtained in 15

(75%) of 20 patients with lung mÃ©tastases,all 9 patients with
lymph node mÃ©tastases(all 12 lesions) and all 12 patients with
bone mÃ©tastases[29 (93.5%) of 31 lesions]. Early and delayed
scans were compared in 13, 8 and 10 patients who showed
significantly increased uptake by lung, lymph node and bone
mÃ©tastases,respectively. Technetium-99m-MIBI accumulation
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TABLE 2
Comparison of Early and Delayed Technetium-99m-MIBI Scans

Number of patients with

B

Early
scan+Delayed

Lung
scanmÃ©tastases+

5
8

+ 0
13Lymph

node
mÃ©tastases8(11)

0
0
8(11)Bone

mÃ©tastases6

(17)
5 (7)
0 (0)

11* (24)

*The total number of patients with bone mÃ©tastaseswas 10, because one

of them belonged to two groups.

was observed in the early image disappeared at the delayed scan
in 8 of 13 patients with lung mÃ©tastasesand 7 of 24 bone
mÃ©tastases(5 of 11 patients), but in none of 11 lymph node
mÃ©tastases(Table 2). Smaller lesions tended to be less clearly
visualized on the delayed scan. In Patients 11 and 13, failure to
detect metastasis in the pelvic bone on the delayed scan was due
to overlapping physiological intestinal radioactivity.

A comparison of 99mTc-MIBI,2U1T1and 131Iscans is pre
sented in Table 3 and Figures 1-3. The incidence of positive
scan results with 99mTc-MIBI, 201T1and 131I was 75.0%

(15/20), 80.0%( 16/20) and 85.0% (17/20) for lung mÃ©tastases
(on a patient basis); 100.0% (12/12), 100.0%(12/12)and41.7%
(5/12) for lymph node mÃ©tastases(on lesion basis); and 93.5%
(29/31), 90.3% (28/31) and 87.1% (27/31) for bone mÃ©tastases
(on a lesion basis), respectively. For discordant results, 99mTc-
MIBI was positive and 201T1negative in one patient (Patient 19)

with lung mÃ©tastasesand in one patient (Patient 15) with bone
mÃ©tastases(Table 1). Two patients with lung mÃ©tastaseshad
positive 20IT1scans but negative 99mTc-MIBIscans (Patients 3
and 17). Although 99mTc-MIBI and 201T1 showed similar

detectability, the most striking difference was the quality of the
images, the former being much better (Figs. 2, 3). Eight patients
with lung mÃ©tastasesshowed spotty accumulation of 99mTc-
MIBI and 201T1,with a total of 38 spotty lesions detected by
99mTc-MIBIand 17 by 201T1in these patients.

In several patients, a discrepancy between 131Iand 99mTc-
MIBI scans was observed (Table 3). Positive 131Iand negative
99mTc-MIBIscans were obtained in three (Patients 10, 13 and

25) with lung mÃ©tastasesand in two (Patients 16, 25) with bone
mÃ©tastases(two lesions). On the other hand, negative 131Iand
positive 99mTc-MIBIscans were obtained in three (Patient 6, 7

and 12) with lung mÃ©tastases,five (Patients 6, 7, 8, 24 and 26)
with lymph node mÃ©tastases(seven lesions) and two (Patients 1,
7) with bone mÃ©tastases(four lesions).

With regard to detecting mÃ©tastasesduring postoperative
follow-up, the results were compared on an overall patient
basis. Iodine-131 post-therapy scan was positive in 20/27,

TABLE 3
Comparison of Technetium-99m-MIBI, Thallium-201 and

lodine-131 Scans in Patients with Lung, Lymph
Node and Bone MÃ©tastases

Number of lesionsdetectedRadiotracer""Tc-MIBI201-n131

1Lung15/20(75.0%)

16/20(80.0%)
17/20(85.0%)Lymph

node12/12(100.0%)

12/12(100.0%)
5/12(41.7%)Bone29/31

(93.5%)
28/31 (90.3%)
27/31 (87.1%)

For lung mÃ©tastases,the calculation was performed on a patient basis.

FIGURE 1. (A) Anterior view of Patient 5 after treatment with 131I, (B)
"Tc-MIBI (early image) and (C) 201TIscans. Multiple bone mÃ©tastasesare

demonstrated in all three images (see Table 1). There is no significant
difference in image quality between 99rrTc-MIBI and 201TIscans.

99mTc-MIBIin 25/27,201T1in 26/27 and thyroglobulin in 25/27,

where the scan result was judged positive when at least one
positive scan was seen on a lesion basis, and thyrogloblin was
defined as positive when serum levels were higher than 20
jag/liter on suppressive doses of thyroxine.

DISCUSSION
Technetium-99m-MIBI was originally introduced for myo-

cardial perfusion studies (18), but its similarities with 201T1

prompted its evaluation in several oncology applications. Thal
lium mostly follows the potassium pathway through the
ATPase-dependent Na+/K+ pump, but 99mTc-MIBI accumu

lates within cell mitochondria and cytoplasma through electrical
potentials generated across membrane bilayers (19,20). The
cationic charge and lipophilicity of 99mTc-MIBI,the mitochon

dria! and plasma membrane potentials of the tumor cells, and
cellular mitochondrial content are considered to play a signifi
cant role in the mechanism of this agent's tumor uptake (21).

Recently, much interest was focused on the relationship be
tween 99mTc-MIBIand the multidrug-resistant P-glycoprotein

(22), which could not be evaluated in the present study.
Like 201T1,99mTc-MIBI accumulation is not specific for

thyroid malignancy. According to FÃ¶ldeset al. (11), 99mTc-

MIBI uptake depends mainly on thyroid tissue viability. Al
though 99mTc-MIBIand 201T1may be limited in their ability to

differentiate malignant from benign thyroid tumors, their roles
in localizing thyroid cancer mÃ©tastaseshave been evaluated
successfully (3,5,12,14-17).

A comparison of early and delayed images revealed that most
tumors were more clearly visible on the early scan, and some
small-sized lung and bone lesions could not be visualized at the
delayed scan. All 12 lymph node mÃ©tastaseswere visible on
both early and delayed images, possibly because of the rela-
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lively large size of the tumors or their localization near the
surface of the body (6/10 in the neck). In two patients, a
metastatic lesion in the pelvic bone was not visualized on the
delayed scan because of overlapping physiological intestinal
radioactivity. Therefore, we believe that the early scan alone is
sufficient to detect mÃ©tastases,except when they are suspected
to be located near the liver, where 99mTc-MIBI accumulates

physiologically on the early scan.
Technetium-99m-MIBI scanning was performed when the

patients were hypothyroid. However, Mueller et al. (17) re
ported that MIBI uptake in thyroid carcinoma is independent of
TSH stimulation.

In the present study, 99mTc-MIBI accumulated in lung mÃ©

tastases of 15 patients (75.0%), 12 lymph node mÃ©tastases
(100.0%), and 29 of 31 bone mÃ©tastases(93.5%). The incidence
of 2Â°'T1detection was 80.0% (16/20), 100.0% (12/12) and

90.3% (28/31), respectively. Two patients with multiple small-
sized mÃ©tastases (<0.2 cm in diameter) showed negative
99mTc-MIBI but positive 201T1uptake. On the other hand, one

patient with lung mÃ©tastases(<0.7 cm) and one with bone
mÃ©tastases showed positive 99mTc-MIBI but negative 20IT1
uptake. Diffuse pulmonary uptake of 201T1as well as 99mTc-

MIBI is known to be nonspecific for the disseminated mÃ©tas
tases but has been reported to be due to left ventricular
dysfunction, smoking and hypertension (23,24). We conclude
that 99mTc-MIBI scan is as effective as 201T1scan in detecting
mÃ©tastases. An additional advantage of 99mTc-MIBI is the

possibility of SPECT, which was not performed in the present
study but apparently helps localize lesion. Moreover, although
99mTc-MIBI and 20IT1had a similar prevalence of positive scans
(Table 3), 99mTc provided better image quality and thus

identified more macronodular metastatic lesions in the lung (38
versus 17 lesions).

Similar studies were reported recently (14-16). Nemec et al.
(75) found that 99mTc-MIBI could detect lung mÃ©tastaseswith

FIGURE 2. (A) Posterior view of 131I,(B)
"Tc-MIBI and (C) 201TIscans in Patient

15. Metastatic lesions in the ninth tho
racic vertebra (arrow) and the eleventh
thoracic vertebra (arrow head) are clearly
visualized by 131Iand 99mTc-MIBI, while
201TIaccumulated slightly to the eleventh

thoracic vertebra (arrow head) alone.
Multiple pulmonary mÃ©tastasesare visu
alized by both 131Iand ""Tc-MIBI, less

clearly and less intensely by the latter, but
are hardly recognizable by 201TI.

high sensitivity (35/36). Sundrum et al. (14) also reported a high
incidence of mÃ©tastasesdetection with 99mTc-MIBI, including

local lymph node spread with (47/57). However, these authors
did not compare their results with 2()1T1images. Dadparvar et al.
(16), who compared the performance of 99mTc-MIBI and 201T1,

found that both scans yielded rather low sensitivity (4 of 11
patients for both). They performed delayed imaging 60 min
after injection, assuming it increased tumor detectability due to
a higher tumor-to-background ratio. However, we could spec
ulate that 99mTc-MIBI, once accumulated in the tumors of the

seven false-negative patients, had cleared by the time of
scanning, in view of our finding that the sensitivity of the early
scan (10-30 min) is much higher than that of the delayed scan

(3 hr) (Table 2). The lower sensitivity, compared with the
current and previously reported studies, could also be explained
by different patient populations (Â¡4,15).

As with previous studies (14,16), we obtained discordant
results between 99mTc-MIBI and UII scans in some patients.
Negative 99mTc-MIBI scans and positive 13II scans were

obtained in patients with small-sized lung and bone mÃ©tastases.
We assume that the tumors had a high potential for iodine
uptake, but in these cases the individual nodule was too small to
be detected with 99mTc-MIBI. On the other hand, 99mTc-MIBI

accumulated more often in lesions (lung mÃ©tastasesfrom three
patients, seven lymph node mÃ©tastasesand four bone mÃ©tastases
in which ] failed to accumulate, suggesting its applicability in
detecting nonfunctioning mÃ©tastases. Lower detectability of
mÃ©tastasesfrom differentiated thyroid carcinoma by 13II com
pared to 20IT1was reported by Tonami et al. (4) (3/8 versus 7/8)

and Hoefnagel et al. (5) (26/56 versus 54/56), who used a
diagnostic L 'l dose. In the present study, even at therapeutic
doses, 13II scan was the least sensitive in detecting mÃ©tastases
(20/27 I31I; 25/27 99mTc-MIBI; 26/27 201T1on a patient basis).

Such a discrepancy was clearly shown in cases of lymph node
mÃ©tastases.Higher detectability of lymph node mÃ©tastasesby

FIGURE 3. (A) Anterior view of 131I,(B)
"Tc-MIBI and (C) 201TIscans in Patient

27. Multiple pulmonary mÃ©tastasesare
visualized as diffuse pulmonary uptake
by 131I,multiple hot spots by "Tc-MIBI,
and diffuse, faint, uneven uptake by 201T1.

Individual metastatic nodules can hardly
be discerned on 201T1scintigram. Uptake
of "Tc-MIBI in the metastatic mediasti-

nal lymph node was more intense than
that of 201TI.
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99mTc-MIBI than 13II shown in the present study agress with

previous observations by Sundram et al. (14) and may also
reflect the nonfunctioning nature of the tumors.

CONCLUSION
Although we did not perform a prospective study to evaluate

whether Tc-MIBI is useful for early detection of tumor
recurrence, the sensitivity of this technique for the detection of
mÃ©tastaseswarrants its use for clinical follow-up of postoper
ative patients with thyroid carcinoma. Finally, mTc-MIBI is

advantageous over Tl, because it detects metastatic lesions.
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Tumor Quantitation and Monitoring in Whole-Body
Planar Technetium-99m-Sestamibi Imaging
Serge D. Van Kriekinge, Guido Germano, Charles Forscher, Gerald Rosen, Pawan Gupta and Alan D. Waxman
Department of Medical Physics and Imaging and Division of Nuclear Medicine, Department of Imaging, The Burns and Allen
Research Institute, Cedars-Sinai Medical Center; The Cedars-Sinai Comprehensive Cancer Center; Department of

Radiological Sciences, UCLA School of Medicine; Los Angeles, California

We have developed a completely automatic software package to
normalize, rigidly register and elastically match serial whole-body
planar images from patients with limb tumors. Variations in tumor
uptake and size are analyzed and quantitated by the software.
Methods: The softwareconsistsof a chain of modules incorporating
several automatic algorithms. A rigid registration algorithm aligns
images by translation and rotation based on feature points corre
sponding to the patient's neck and bladder. An elastic matching

algorithm generates a grid for each image in a sequence by combin
ing thresholding and local feature analysis in the head, torso and leg
regions. A linear warping algorithm then interpolates pixel values and
locations to make the grid points in all images coincide with the grid
points of one of them (the reference image). All Â¡magesin a sequence
are normalized based on brain uptake. Quantitation of tumor uptake
and size is performed in all images using an ROI automatically
determined from a single user-selected seed point. Results: The
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software was tested on four 2-image and one 3-image sequences
from five patients (11 images). Quantitative measurements of body
contour overlap show an average intrasequence agreement of 73.4%,
78.7% and 91.5% for unregistered, rigidly registered and rigidly
registered + matched images, respectively. Conclusion: Our method
represents an objective, quantitative tool to measure tumor activity in
sequential whole-body scintigraphic images, and may help assess

tumor response to chemotherapy or radiation therapy.

Key Words: tumor quantitation;whole-body image registration;pla
nar scintigraphy image registration
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Ahe comparison of whole-body planar scintigraphic images
recorded sequentially in conjunction with chemotherapy or
radiation therapy is an important tool in assessing the effective
ness of a treatment. Technetium-99m-sestamibi and 20lTl have

been used frequently to detect and evaluate primary and
metastatic tumors (1-8). Changes in the tumor size or uptake

between serial images are currently assessed subjectively
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