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Evaluation of uptake and release of technetium-99m MIBI SPECT

of pulmonary and mediastinal lesions

T. KoMorl, 1. NarRABAYASHI, R. MaTsul, Y. TATsu, K. SUEYOSsHI,
I. ApacHi, T. Suimizu, R. NaMBA and Y. NAKATA

Department of Radiology, Osaka Medical College

We evaluated the uptake and release of Tc-99m MIBI in 7 benign and 30 malignant pulmonary and
mediastinal lesions. Of the 37 patients, 13 underwent surgery; malignant involvement was
examined in 21 mediastinal lymph nodes. T1-201 SPECT was also performed in 10 patients. Tc-99m
MIBI SPECT studies were performed on transverse SPECT images acquired 30 minutes and 3 hours
after intravenous injection of 600 MBq of Tc-99m MIBI with three gamma camera detectors (GCA-
9300A). Regions of interest were set in the area of abnormal uptake of Tc-99m MIBI and in an area
of normal tissue in the contralateral lung. The uptake ratio of the lesion in the contralateral normal
lung was obtained on the early image (early ratio; ER) as well as the delayed image (delayed ratio;
DR). The benign lesions showed significantly lower ER (1.6 £ 0.3) and DR (1.4 £ 0.4) than the
malignant lesions (1.9 £ 0.5 and 1.8 + 0.5, respectively; both p < 0.05). There was no significant
difference in the retention index (RI), calculated as RI = (DR — ER)/ER x 100. The DR obtained
with T1-201 SPECT images was significantly higher than that obtained with Tc-99m MIBI SPECT
(p < 0.05). For the detection of mediastinal lymph node metastases, the early images showed
sensitivity, specificity, and accuracy of 85.7%, 100%, and 95.2%, respectively, for the delayed
images these values were 85.7%, 92.9%, and 90.5%, respectively. These results suggest that the
uptake ratio of Tc-99m MIBI is a useful index in assessing benign or malignant pulmonary and

mediastinal lesions.
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INTRODUCTION

TECHNETIUM-99m hexakis-2-methoxyisobutylisonitrile
(Tc-99m MIBI) was recently approved for use as a myo-
cardial perfusion imaging agent.'” It is an isonitrile with
myocardial distribution proportional to regional blood
flow. Intracellularly, it is sequestered largely within the
mitochondria.>® Although many reports®!° described ac-
cumulation of Tc-99m MIBI in various kind of tumors,
there have been few clinical evaluations that included the
study of the washout of Tc-99m MIBI from the tumor. The
objective of this study was to evaluate the uptake and
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washout of Tc-99m MIBI in pulmonary and mediastinal
lesions and mediastinal lymph nodes in patients with lung
cancer.

MATERIALS AND METHODS

We studied a total of 37 patients with pulmonary and
mediastinal lesions at our institution (Table 1). The group
studied included 24 men and 13 women (age range, 42-79
yr; mean age, 62 yr). Informed consent was obtained from
every patient. The histologic diagnosis was obtained by
biopsy or by surgery in all the patients except 4 with
pulmonary tuberculosis. Thirty minutes and 3 hours after
intravenous injection of 600 MBq of Tc-99m MIBI,
pulmonary single photon emission computed tomography
(SPECT) images were acquired with a triple-head rotat-
ing gamma camera (GCA-9300A/HG, Toshiba). Ninety
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Table 1 Summary of the histological diagnose for the patients

Primary lung cancer 27*
Squamous cell ca 11
Adeno ca 13
Small cell ca 1
Large cell ca 1
Undifferentiated ca 1

Metastatic lung cancer** 1

Mediastinal lymphoma 1

Thymic cancer

Malignant lesion 30

Pulmonary tuberculoma 4
Sclerosing hemangioma 1
Thymoma 1
Post pneumonial scar 1

Benign lesion 7

Total 37

*: Thirteen patients underwent surgical operation and ma-
lignant involvement was examined in 21 mediastinal lymph
nodes. T1-201 SPECT was also performed in 10 of the 37
patients.

**. primary lesion is hepatocellular carcinoma.

ca: carcinoma

projections were obtained at 30 sec/view through a 360°
rotation in a 128 x 128 matrix. Transverse, coronal and
sagittal images were reconstructed with a slice thickness
of 3.2 mm. We compared the axial SPECT image with CT
and confirmed each slice which showed tumor accumula-
tion. Irregular shaped ROI were outlined on the tumor
region of the axial slice which was superimposed on these
slices, and mean count of this ROI (count/pixel) was
defined as tumor uptake. An ROI of the same shape and
dimensions was also set in a region with normal tissue of
the contralateral lung on the superimposed axial section of
the early scans. The same method was applied in the
delayed imaging with the same ROI. The uptake ratios of
tumor-to-normal tissues were calculated on the early
image (early ratio; ER) and on the delayed image (delayed
ratio; DR). As normal tissues, contralateral normal lung
tissue was chosen for lung tumors, and the normal lung
tissue near the mediastinum for mediastinal lymph nodes.
The retention index (RI) was calculated as follows:
RI=(DR - ER)/ER x 100.

T1-201 SPECT was also performed in 10 patients, and
the images were compared with the Tc-99m MIBI SPECT
images. Statistical analysis was performed by Student’s t-
test or Welch’s t-test for unpaired data. We considered
that a result was significant when the p value was less than
0.05.

The mediastinal lymph nodes of 13 patients who under-
went thoracotomy for lung cancer were examined. When
the uptake of the radiotracer in a mediastinal or hilar
lymph node was clearly demonstrated, then it was inter-
preted as positive for metastasis. When the mediastinal
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Fig. 1B Retention index (RI) in benign and malignant le-
sions. NS: not significant

and hilar uptake was equal to or less than that in the
background, it was interpreted as negative for metastasis.
The anatomical location of each area of abnormal uptake
was determined in comparison with the CT and surgical
findings and the numbering of lymph nodes was accord-
ing to the lymph node mapping of the Japan Lung Cancer
Society." Malignant involvement of the mediastinal lymph
nodes was confirmed by surgical operation and pathologi-
cal study of the resected lymph nodes. The pathological
classification for lung cancer was carried out according to
the UICC TNM classification.!?

RESULTS

1) Visual evaluation of Tc-99m MIBI SPECT images

In all patients with malignant lesions, Tc-99m MIBI
accumulated in the lesion on the early images. On the
early images, we could easily recognize the mediastinal
lymph nodes because the major vascular structures were
shown as the cold areas. The smallest malignant pulmo-
nary lesion in this study, a 15 x 10 mm squamous cell
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Fig. 2 Comparison of ER and DR values obtained from Tc-
99m MIBI and T1-201 SPECT images in primary lung cancers.
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Fig. 3 Scatter plots of ER and DR of hilar and mediastinal
lymph nodes in primary lung cancer patients.

carcinoma, was clearly demonstrated on the early scan.
The squamous cell carcinomas tended to show washout of
the activity on the delayed images, while adenocarcinomas
did not. The early images revealed Tc-99m MIBI accu-
mulation in all of the benign lesions except a thymoma
which was a cystic tumor. All the benign lesions except
pulmonary sclerosing hemangioma showed washout of
the tracer on the delayed images.

2) Evaluation of ER, DR and RI

We evaluated the ER, DR and RI of the 30 malignant and
6 benign lesions. The patient with the thymoma was
excluded from this evaluation, because the tumor did not
show Tc-99m MIBI accumulation. The benign and malig-
nant lesions showed significant differences in ER (1.6 +
0.3 and 1.9 £ 0.5, respectively; p < 0.05) and in DR (1.4
+0.4 and 1.8 0.5, respectively; p < 0.05) (Fig. 1A). There
was no significant difference between the benign and
malignant lesions in RI values (Fig. 1B).
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3) Comparison of ER and DR values obtained from Tc-
99m MIBI and from TI-201 SPECT images

For 10 malignant lesions the ER values from Tc-99m

MIBI were not significantly different from the ER values

from T1-201 images, but the DR from T1-201 SPECT was

significantly higher than that of Tc-99m MIBI SPECT

images (p < 0.05) (Fig. 2).

4) Detection of mediastinal involvement with Tc-99m
MIBI SPECT

By the quantitative method, the ER and DR of metastatic
lymph nodes were found to be significantly higher than
those of non-metastatic lymph nodes (Fig. 3). On early
images when the cut-off level of ER was 1.6, the sensitiv-
ity, specificity and accuracy of Tc-99m MIBI SPECT
were 85.7% (6/7), 100% (14/14) and 95.2% (20/21),
respectively, and when the cut-off level of DR was 1.8, the
sensitivity, specificity and accuracy were 85.7% (6/7),
92.9% (13/14) and 90.5% (19/21), respectively.

Two representative case reports, describing one patient
each with and without demonstration of mediastinal
metastasis, are presented below.

Case 1. 'The chest CT scan of a 61-year-old woman
(Fig. 4A) revealed a coin shaped lesion (1.8 cm X 1.2 cm)
in the lower lobe of the right lung. The pretracheal lymph
node (1.4 cm x 1.0 cm) and the right hilar lymph node (1.3
cm X 1.2 cm) were enlarged. The clinical stage was
T2N2MO. Tc-99m MIBI SPECT demonstrated areas of
abnormal accumulation corresponding to the pulmonary,
mediastinal and hilar lesions on early scans (Fig. 4B), but
the accumulation was slightly washed out on delayed
scans (Fig. 4C). The ER and DR of the pretracheal lymph
node were 1.3 and 1.4. The ER and DR of the right hilar
lymph node were 1.4 and 1.5. The operative findings
confirmed that an adenocarcinoma was present in the S¢
segment of the right lung, and the pathological stage was
T2NOMO. Neither the pretracheal nor the right hilar
lymph nodes showed any cancer involvement.

Case 2. The chest CT scan of a 71-year-old woman
(Fig. 5A) revealed a tumor shadow in the S'*? segments of
the left lung (1.5 ¢cm X 1.0 cm) and subaortic lymphad-
enopathy (2.2 cm x 1.5 cm). The clinical stage was
TIN2MO. Tc-99m MIBI SPECT demonstrated an abnor-
mal accumulation corresponding to the pulmonary lesion
and subaortic lymph node on both the early and delayed
scans (Fig. 5B, C). The ER and DR of the subaortic lymph
node were both 2.0. The operative findings confirmed the
presence of an adenocarcinoma in the S'*? segments of the
left lung, and the pathological stage was TIN2MO.

DISCUSSION
Tc-99m MIBI, a relatively new imaging agent developed

for the study of blood flow in the cardiac muscles, is
known to be accumulated in various tumors.*' Its advan-

.tages are its low exposure dose, good image quality and

Original Article 229




clear SPECT images, and, like T1-201, Tc-99m MIBI
accumulates in various types of tumors, but there have
been few clinical evaluations that included the study of
the release of Tc-99m MIBI from the tumor. In this study
of 37 patients with lesions in the pulmonary mediastinal
space, a difference was noted between the uptake ratio of
Tc-99m MIBI in benign tumors and that in malignant
lesions, but there was no significant difference in their RIL
Therefore, as a parameter for either benign or malignant
lesions, the Tc-99m MIBI uptake ratio is considered more
useful than the RI. This difference may arise from the
differences between malignant and normal tissues in the
number of mitochondria in cells and the amount of blood
flow,"*!* but the exact reasons remain to be elucidated.
Hassan et al. serially examined the accumulation of Tc-
99m MIBI in malignant tumors in the lung on planar
images, and found that the accumulation of Tc-99m MIBI
at 30 min was about 1.6-fold greater in the tumor than in
the normal lung, while there was no difference in their
time courses.® Our in vitro examination with Hela cells
revealed that T1-201 was relatively slowly excreted from
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Fig. 4 A 6l-year-old woman with adenocarcinoma at the right S¢ (1.8 x 1.2 cm) and enlarged
pretracheal and hilar lymph nodes (both, 1.4 x 1.0 cm) (pT2NOMO). Chest CT (A, B) discloses a solitary
nodule in the right S° (arrow) and enlarged pretracheal and hilar lymph nodes (arrowhead). Tc-99m MIBI
early images (C) show abnormal accumulation at the tumor (arrow) and lymph nodes (arrowhead). On
the delayed images (D) abnormal accumulation at the tumor (arrow) is seen, but the accumulation at the
lymph nodes has been washed out.

cells of high malignancy, whereas Tc-99m MIBI was
excreted at a constant rate from cells irrespective of their
malignancy." These results indicate that the rate of wash-
out of Tc-99m MIBI from cells is not related to their
malignant potential. In the imaging of 10 malignant
lesions by means of both T1-201 and Tc-99m MIBI, the
accumulation of T1-201 was significantly greater than that
of Tc-99m MIBI on the late images, suggesting that there
exist different mechanisms of excretion of isotopes of TI-
201 and Tc-99m MIBI.

The presence or absence of the accumulation of Tc-
99m MIBI in malignant tumors is generally considered
useful in identifying multiple drug-resistant tumors, but
since enzyme activities other than P-glycoprotein, such as
glutathione S-transferase, are also involved in the drug-
resistance of malignant tumors, it seems difficult to deter-
mine drug-resistance based solely on the presence or
absence of the accumulation of Tc-99m MIBL.'® To test
the validity of these generalizations clinically, it is neces-
sary to evaluate the relationship between the degree of Tc-
99m MIBI accumulation and the effects of chemotherapy.
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Fig. 5 A 71-year-old woman with adenocarcinoma at the left $'*2 (1.5 x 1.0 cm) and an enlarged
subaortic arch lymph node (2.2 x 1.5 cm) (pT1N2MO0). Chest CT (A, B) shows a solitary nodule in the
left S'*? (arrow) and an enlarged subaortic arch lymph node (arrowhead). Early transverse images of Tc-
99m MIBI SPECT (C) abnormal uptake in the areas corresponding to the lesion (arrow) and subaortic
arch lymph node (arrowhead). On the delayed images (D), the accumulation at the tumor (arrow) and
subaortic arch lymph node (arrowhead) has not been washed out.

Based on our observations pointing to the usefulness of
the uptake ratio of Tc-99m MIBI for the evaluation of
tumor malignancy, we examined 21 lymph nodes in 13
patients with lung cancer who underwent surgery, and
obtained high rates of accurate detection of 95.2% on the
early images and 90.5% on the delayed images. Although
only a small number of patients were examined, the
results suggested that the uptake ratio of Tc-99m MIBI is
useful for the diagnosis of metastasis to lymph nodes in
patients with lung cancer. There were no differences
between ER and DR for the diagnosis of metastasis to
lymph nodes. Similarly, Chiti et al., with Tc-99m MIBI
SPECT, examined the metastasis to lymph nodes in the
mediastinal space in 36 patients with lung cancer postop-
eratively, and obtained accurate detection in 86% of the
patients, as contrasted with only 64% of those examined
by CT." In the 2 patients described in the case reports
herein, metastases to the pretracheal lymph nodes and the
lymph nodes in the right hilum of the lung were diagnosed
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by CT before surgery, but in one of these patients the
delayed Tc-99m MIBI SPECT images did not indicate
Tc-99m MIBI accumulation, and no metastasis was found
at surgery, indicating that in this patient the accumulation
of Tc-99m MIBI was more useful than CT for the detec-
tion of metastasis. In the patient shown in Fig. 5 in whom
metastasis to the subaortic lymph nodes was found at
surgery, before surgery metastasis had been diagnosed
from the size of the lymph nodes by CT, and also diag-
nosed by the accumulation of Tc-99m MIBI because its
washout was slow. These results suggest that Tc-99m
MIBI accumulation is at least equally as useful as CT for
the diagnosis of metastasis to lymph nodes.

If our observation that the Tc-99m MIBI accumulation
in malignant lesions is greater than in benign lesions is
confirmed, it may be possible to establish a cut-off value
as a parameter of malignancy following the accumulation
of quantitative data for more patients.

In conclusion, it is suggested that the ratio of uptake of
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Tc-99m MIBI is useful in differentiating between benign
and malignant lesions in the pulmonary mediastinal space
and for the diagnosis of metastasis to lymph nodes in the
mediastinal space in patients with lung cancer.
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