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The purpose of this study was to correlate the semiquantitative
analysis of 99mTc-methoxyisobutyl isonitrile (MIBI) scan with

histologie findings of hyperfunctional parathyroid glands. Meth
ods: Early and delayed cervical images of MIBI scans were
reviewed in 31 patients who eventually underwent parathyroidec-

tomies because of biochemically suspected hyperparathyroidism
([HPT], primary, n = 13; secondary, n = 18). The sensitivity of a
scan for localizing the diseased glands was determined by
comparing scan findings with pathologic findings, which were
considered the gold standard. The average ratio of parathyroid-to-
thyroid (P/T) count was compared between glands with large and
small areas of whole gland, chief cell, oxyphil cell or cellular
components. The mean areas of whole gland, chief cells and
oxyphil cells were also compared between glands detected by
MIBI scan and those that the scan missed. Results: There were
99 resected lesions, including 9 parathyroid adenomas and 61
hyperplastic parathyroids. The sensitivity for localizing the dis
eased glands in patients with primary HPT (91%) was higher than
that in patients with secondary HPT (83%). Significantly greater
average P/T counts ratio on both early and delayed images was
observed in the diseased glands with greater areas of whole
gland, chief cells, oxyphil cells or cellular components. Fifty-nine
MIBI-positive glands had significantly greater average areas of
whole gland (P < 0.001) and chief cell (P = 0.002) than did 11
MIBI-negative glands. Conclusion: The uptake of MIBI in hyper

functional parathyroid is dependent on gland size and the
amount of cellular components, chief cells and oxyphil cells.
However, the amount of oxyphil cells does not clearly affect the
results of MIBI parathyroid scintigraphy, because it is small in
most hyperfunctional glands.
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/ocalization of hyperfunctional parathyroid glands in
patients with hyperparathyroidism (HPT) has been a diagnos
tic problem. Preoperative localization of the abnormal
parathyroid gland restricts surgeons to performing only
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limited neck surgery rather than the full exploration tradition
ally performed (7). 201Tl-technetium substraction scintigra

phy has been used as a technique for such localization (2).
The uptake mechanisms of the tracer have been postulated to
be increased cellular density and vascularity or, in part,
dependent on the presence of mitochondria-rich oxyphil

cells (3).
99mTc-methoxyisobutyl isonitrile (MIBI), which is a lipo-

philic cationic complex, was originally introduced for
myocardial perfusion studies (4). MIBI has biologic proper
ties similar to 2Â°'T1and has therefore been valuable for

evaluating the viability of lesions, including parathyroid
adenoma and hyperplasia. MIBI takes advantage of the
superior physical properties of technetium and has a higher
target-to-background ratio than 201T1(5). It is not hampered
by the motion artifacts present in 2Â°'Tl-technetium substrac

tion scintigraphy. MIBI is taken up more avidly in parathy
roid adenoma or hyperplasia than in the surrounding thyroid,
and, after uptake, a slower release occurs from parathyroid
cells (6). The exact mechanisms by which MIBI accumu
lates in hyperfunctional parathyroid tissue is not yet clear.
However, increases in both perfusion and functional activity
(7,8) and targeting of abundant mitochondria-rich cells have

been discussed as possible mechanisms (6).
In this study, we semiquantitatively analyzed MIBI scans

of hyperfunctional parathyroid glands and correlated the
findings with histopathologic findings. By using the histo
logie findings as the gold standard, we also investigated
differences between the diseased glands detected by MIBI
scan and those lesions that were missed.

SUBJECTS AND METHODS

Patient Population
Between January 1994 and March 1998, 31 patients (20 men, 11

women) with biochemically suggestive HPT underwent parathyroid-

ectomies after MIBI scans for preoperative localization of hyper
functional parathyroid glands. All patients also underwent sonogra-

phy and MRI to localize the diseased parathyroid glands. The 31
patients, 13 with primary HPT and 18 with secondary HPT, were
20-50 y old (mean 38 y). The times between MIBI imaging and

surgery ranged from 3 to 18 d (mean Â±SD, 10 Â±4 d). Serum levels
of intact parathyroid hormone ranged from 608 to 1246 pg/mL
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(mean 764 Â±4 pg/mL) in patients with primary HPT and 104-2096

pg/mL (mean 502 Â±4 pg/mL) in those with secondary HPT. The
18 with secondary HPT had undergone chronic intermittent hemo-
dialysis for 6-12 y (mean 7 Â±2 y). The criteria for parathyroidec-

tomy, which were independent of MIBI results, were high serum
levels of intact parathyroid hormone that were not responsive to
vitamin D3 therapy or severe osteodystrophy in patients with
secondary HPT.

Imaging Technique
After receiving intravenous administration of 740 MBq (20

mCi) of MIBI, all patients were scanned with a gamma camera
(Multi SPECT; Siemens Medical Systems, Erlangen, Germany).
Planar imaging of the neck and thorax was performed at 15 min
(early image) and 2 h after injection (delayed image) with the
patient supine and the neck extended. The images were obtained
with a low-energy, parallel-hole, high-resolution collimator and a
20% energy window centered on the 140 KeV peak. About 5 X 10'

counts were recorded in each image, and digital data (256 X 256
matrix) were acquired.

Data Analysis
Both early and delayed images were reviewed for the detection

of hyperfunctional parathyroid glands by two radiologists experi
enced in radionuclide examinations. The observers were blinded to
the results of other imaging findings, operative results, pathological
results, clinical histories and laboratory data. In lesions overlying
the thyroid, a positive finding for hyperfunctional parathyroid
gland was determined when the tracer accumulation in the lesions
was separable from the residual thyroid activity on delayed image.
In lesions that were apart from the thyroid, a positive finding was
determined when the lesions had higher tracer activity than the
residual thyroid activity on delayed image. The observers also
described the prolonged activity in the thyroid on the delayed MIBI
scan. The scans were read independently, and if there was
disagreement, the observers discussed their findings and reached a
consensus opinion.

After interpreting the MIBI images, the observers were apprised
of the surgical and pathologic results. Then they analyzed the MIBI
scans semiquantitatively. A 256 X 256 matrix image of MIBI was
converted to a 128 X 128 image, because average counts per pixel
in a 256 X 256 matrix image are too small for comparisons.
Average counts of the diseased parathyroid gland and normal
thyroid gland were obtained after a region of interest (ROI) was
drawn manually around each area. The ROI for normal thyroid and
that for MIBI false-negative parathyroid lesions were drawn in
reference to the surgical findings. The parathyroid-to-thyroid (P/T)

counts ratio was determined using the average counts of the
diseased parathryoid glands and normal thyroid glands.

Pathologic Evaluation
All formalin-fixed parathyroid tissues were sectioned (10 pm

thick) and stained with hematoxylin and eosin; then the stained
sections were examined by a pathologist who did not know the
results of the MIBI scans. The areas of whole gland, chief cells and
oxyphil cells in the tissue were approximated with the SPICCA
semiautomatic image-processor system (Nippon Avionix, Tokyo,

Japan). The area of eosinophilic micronodules in the tissue was
calculated on a low-power field, and the cell type of the nodules,
which was suspected to be oxyphil, was confirmed on a high-power

field. The area of transitional oxyphil cells, which are a variant of
oxyphil cells with less invasive cytoplasmic eosinophilia than

oxyphil cells, was classified as an oxyphil-cell-occupying area.

The remaining areas with slight eosinophilia were classified as
chief-cell-occupying areas after the cell type was confirmed. The

pathologist also documented the presence of hemorrhage, fibrosis,
cystic change or fatty infiltration, and scored histologie features as
follows: 0 = not present; 1 = mild frequency; 2 = moderate
frequency; 3 = marked frequency. Subsequently, the diseased

parathyroid glands were divided into those with high cellularity
(total score s 3) and those with low cellularity (total score a 4)
after total scores were calculated in each parathyroid tissue section.

Statistical Analysis
We compared the sensitivity of a MIBI scan for localizing

hyperfunctional parathyroid glands and average P/T counts ratio in
glands between patients with primary HPT and those with second
ary HPT. The average P/T counts ratio was also compared between
the glands with large (greater than mean values) and small (less
than mean values) areas of whole gland, chief cells or oxyphil cells.
A similar comparison was made between high-cellular glands and
low-cellular lesions. We also compared mean values of (a) whole

gland areas, (b) chief cell areas, (c) oxyphil cell areas and (d) scores
of cellular components between lesions detected by MIBI scan and
those that were missed. Unpaired Student / test was used to analyze
the difference with <0.05 considered as significant.

RESULTS

Primary Hyperparathyroidism
On the basis of the surgical and pathologic results, 21

nodes were resected in the 13 patients with primary HPT
(Table 1). Of the 13 patients, 2 were found to have no
diseased parathyroid, but they did have 2 normal juxtathyroi-

dal lymph nodes (6 and 8 mm in size). The lymph nodes,
which were interpreted as diseased parathyroid glands on

TABLE 1
Results of MIBI Scans of 99 Resected Nodes in 31 Patients

with Primary and Secondary Hyperparathyroidism

Primary HPT
(13patients)Diseased

parathyroid
Adenoma (n = 9)
Hyperplasia (n = 47)Positive82Negative1 0Secondary

HPT
(18patients)Positive035Negative0

10
Adenomatous-nodu-

lar hyperplasia
(n = 14)

Others
Normal parathyroid

(n = 5)

Thyroid adenoma
(n = 3)

Thymus (n = 10)

Normal lymph node
(n = 9)

Metastatic lymph
node (n = 2)

Total (n = 99)
0

11
0

10

14

0
51

0
10

2
27

MIBI = methoxyisobutyl isonitrile; HPT = hyperparathyroidism.
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both sonography and MRI. were negative on MIBI scan. The
other 2 resected lymph nodes were negative on MIBI scan,
sonography and MRI. The remaining 11 patients included 9
with solitary parathyroid adenomas and 2 with solitary
parathyroid hyperplasia. Delayed MIBI scans showed pro
longed thyroid activities in 5 patients (38% of the 13
patients). However, MIBI scintigraphy correctly identified
and precisely localized 10 of the 11 diseased parathyroid
glands (Fig. 1), including 1 juxtathyroidal lesion and 1
ectopie lesion. There was a false-positive thyroid adenoma

(10 mm in size) in 1 patient with primary HPT. The
sensitivity and specificity of MIBI scan for localizing
hyperfunctional parathyroid glands in the patients with
primary HPT were 91% and 90%, respectively

Secondary Hyperparathyroidism

In the 18 patients with secondary HPT, 78 nodes were
resected, 59 of which were hyperplastic parathyroid glands,
including 14 adenomatous-nodular hyperplastic lesions

(Table I ). Each of the 18 patients was found have 1 or more
parathyroid hyperplasic lesions. Delayed MIBI scans showed
prolonged thyroid activities in 8 patients (33%). The scans
correctly identified 49 of the 59 diseased glands but missed
10 retrothyroidal hyperplastic glands (4-12 mm in size).

No correlation was found between scintigraphic localiza
tion and the anatomic location (upper versus lower and right
versus left glands). A hyperplastic parathyroid gland with a
large cystic degeneration did not accumulate much MIBI
according to early phase scans and demonstrated washout,
resulting in a negative delayed image (Fig. 2). There were
two false-positive thyroid adenomas. However, the meta-

static lymph nodes from an anaplastic cell carcinoma of
unknown origin were correctly shown to be negative for
diseased parathyroid glands on delayed MIBI scan, on
which most accumulations of the lesions were washed out
(Fig. 3). Surgical findings showed that these lesions were
contiguous with the thyroid right lobe and parathyroid
lesions, as observed on sonography and MRI, which sug

gested enlarged parathyroid glands. The sensitivity and
specificity of the MIBI scans for localizing hyperfunctional
parathyroid glands in the patients with secondary HPT were
83% and 89%, respectively.

Correlation Between Histologie and Scintigraphic
Findings

The 70 diseased parathyroid glands showed high cellular-

ity in 40 glands and low cellularity in 30 glands. All 9
adenomas evaluated contained predominantly chief cells or
mixed cells. The majority of the adenomas contained solidly
arranged chief cells intermingled with very few fat cells. Of
the 61 hyperplastic glands, including 14 adenomatous-

nodular hyperplasia, 55 (90%) contained chief cells or were
mixed type, and 6 (10%) contained predominantly oxyphil
cells. There were no findings of clear cell hyperplasia. Mean
cell distributions in the 70 diseased glands were chief cell in
85% and oxyphil cell in 15%.

Table 2 presents the correlation of average P/T counts
ratios with cellular patterns in the 70 hyperfunctional
parathyroid glands. The average counts ratios were 1.28
(range 0.82-1.78; SD 0.26) for early scans and 1.42 (range
0.94-2.37; SD 0.37) for delayed scans. There was no

statistically significant difference in the average counts ratio
between hyperfunctional glands in patients with primary
HPT and those in patients with secondary HPT. However,
the counts ratios were significantly higher in high-cellular
parathyroid glands than in low-cellular glands on either

early or delayed scans. The glands with greater areas of
either whole gland, chief cells or oxyphil cells also had
significantly greater average counts ratios than those with a
smaller area of each on either early or delayed images.

Table 3 lists the cellular patterns of the 70 hyperfunctional
parathyroid glands and shows the differences between the 59
MIBI true-positive glands and the 11 false-negative lesions.
The MIBI true-positive glands had a significantly greater

mean area of either whole gland or chief cells than the area

FIGURE 1. In patient with primary HPT,
early MIBI scan of neck (A) shows no
abnormal uptake. Delayed MIBI image (B)
shows separately increased activity (arrow)
in left upper quadrant of thyroid. Low-power
field of 10-mm-sized parathyroid hyperpla
sia specimen (arrows, C) shows small mi-
cronodules of oxyphil cells (arrowheads,
C). High-power field of hyperplasia speci
men shows chief cells (D) and oxyphil cells
with eosinophilic cytoplasms (E).
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FIGURE 2. In patient withsecondary HPT, early MIBI image of neck (A) shows small areas of equivocallyincreased uptake in left
interpole and right lower pole of thyroid (arrows). However, delayed image (B) shows no separately increasing uptake in left interpole
or right lower pole of thyroid (arrows) from residual thyroid activity. Low-power field of left MIBI false-negative gland specimen (23 mm
in size, arrows, C) shows large area of cystic degeneration (arrowheads). MIBI false-negative hyperplasia in right lower quadrant was
13 mm in size.

in MIBI false-negative glands. The MIBI true-positive

glands also had a greater mean oxyphil cells area than that in
the false-negative glands, although the difference was not

statistically significant. There was no significant difference
in mean scoring for cellularity between the glands detected
by MIBI and those that were missed.

DISCUSSION

There are two main types of parenchymal cells present in
hyperfunctional parathyroid glands, chief cells and oxyphil
cells. Chief cells, which are normally the active endocrine
cells, have slightly eosinophilic cytoplasms containing few
mitochondria. Oxyphil cells appear as isolated cells among
the chief cells and form aggregates or even micronodules
1-2 mm in diameter (9). The oxyphil cell cytoplasm is rich

in eosinophilic granules, which are numerous, tightly packed
mitochondria and are thought capable of parathyroid hor
mone production (10). A transitional oxyphil cell, which is a
variant of the oxyphil cell, has less invasive cytoplasmic
eosinophilia than the oxyphil cell. These transitional cells
are occasionally observed in parathyroid adenoma or hyper

plasia. Clear cells with foamy, water-clear cell cytoplasm are

fundamentally inactive cells with an unknown function (3).
In parathyroid glands, one cell commonly predominates,

but there may be various mixtures of chief cells with oxyphil
cells and transitional oxyphil cells (9). Primary hyperplastic
parathyroid tissue also is composed of uniform chief cells or
a mixture of chief cells, oxyphil cells and transitional
oxyphil cells (9). The histopathologic patterns of secondary
hyperplasia are divided into two types; diffuse type and
adenomatous-nodular type (//). The diffuse type of hyperpla

sia, in which cords, sheets and follicular arrangements of the
cells replace the stromal fat cells, is the classic pattern and is
indistinguishable from primary hyperplasia. In adenomatous-

nodular hyperplasia. however, the cells are grouped together
in large islands or nodules. Although oxyphil cells are
observed more frequently in diffuse hyperplasia, necrosis is
observed more frequently in adenomatous-nodular hyperpla

sia (72).
Double-phase MIBI imaging represents a promising single-

agent scintigraphy that does not require subtraction. The
washout of MIBI from parathyroid adenoma or hyperplasia

A An B Ant

FIGURE 3. InpatientwithsecondaryHPT,
early MIBI scan of neck (A) shows compres
sion of right thyroid lobe by increased up
take (arrowheads) and focal increased
tracer activity in left upper pole of thyroid
(arrow). (B) Delayed MIBI scan shows most
tracer activity in right neck is washed out
(arrowheads) and distinguished from dis
eased parathyroid glands with separately
increased activities (arrows) in left upper
and right lower quadrants of thyroid. Le
sions in right neck were two metastatic
lymph nodes from anaplastic cell carci
noma of unknown origin.

MIBI OF PARATHYROIDCORRELATEDWITHHISTOLOGYâ€¢Takebayashi et al. 1795



TABLE 2
Correlation of Parathyroid-to-Thyroid MIBI Count Ratios with Cellular Patterns in 70 Hyperfunctional Parathyroid Glands

Average (SD) PATcount ratios

PrimaryHPTSecondary
HPTLow
cellularityHigh
cellularityAreas

ofglandsMean
(>97mm2)Mean
(<97mm2)Chief

cellareasMean
(>85mm2)Mean
(<85mm2)Oxyphil

cellareasMean
(>11mm2)Mean
(<11 mm2)No.

of nodesE11593040422848225416:arlyimage.27(0.33)1.28

(0.25)1.18(0.26)1.35

(0.24)J.18(0.04)1.42

(0.04)J.23(0.27)1.37

(0.22)J.22(0.26)1.47

(0.1 6) JPNS0.0050.00010.030.0006Delayed

image1

.54(0.49)11.37(0.35)11.27(0.35)11.49(0.37)J1.19(0.25)11.43(0.22)J1.35(0.32)11.58(0.42)J1.37(0.36)11.60(0.35))PNS0.0170.00020.0170.030

MIBI = methoxyisobutyl isonitrile; P/T = parathyroid-to-thyroid; HPT = hyperparathyroidism; NS = not significant.

is slower than that from surrounding thyroid tissue. This
differential washout constitutes the rationale for the use of
MIBI for parathyroid single radiotracer scintigraphy (13).
The uptake in diseased parathyroid glands is usually distin
guishable on delayed image. However, an early MIBI scan is
useful for detecting disease activity in parathyroid glands
when the activity of the thyroid is prolonged on the delayed
scan. The early phase scan is also useful for localization of a
hemorrhagic or large hyperplastic parathyroid gland with
degeneration, because it may demonstrate washout and,
hence, result in a negative delayed image (14). Furthermore,
the early phase scan is also helpful and is used as an
anatomic reference to locate the abnormal focus of persistent
uptakes (13).

MIBI scintigraphy is useful in differential diagnosis
between malignancies and nonmalignant neck tumors be
cause the malignant neoplasms have an increasing accumu
lation of the tracer on an early scan (75). Therefore, the
differentiation of enlarged hyperfunctional parathyroid from
malignant neoplasms or metastatic lymph nodes is necessary
in lesions near the thyroid. Two types of delayed MIBI
scans, retention of the tracer and washout of the tracer, have

been reported in malignant neoplasms. The delayed scan is
very useful for the differentiation of parathyroid from
neoplasms that have washout of the tracer. This tracer
washout in malignant neoplasms may be related to overex-
pression of cytoplasma cell membrane P-glycoproteins (16).

Various mechanisms explaining the MIBI accumulation
in hyperfunctional parathyroid glands have been discussed.
O'Doherty et al. (6) postulated that MIBI is trapped within

mitochondria by the large negative transmembrane poten
tial, similar to the mechanism for MIBI uptake by cardiac
myocytes and fibroblasts (17). Their study demonstrated that
this tracer is bound and retained more in diseased glands
with a greater area of mitochondria-rich oxyphil cells than in

those with a greater area of chief cells. However, the results
of this study indicate that lesion detectability is correlated
with gland size and the amount of chief cells, as well as the
amount of oxyphil cells. Most parathyroid adenomas and
hyperplasias in this study contained relatively few oxyphil
cell, and the amounts may have been too small to have any
effect on localization of the diseased glands by scan. The
amount of chief cells also affects lesion detectability on
scintigraphy because chief cells with few mitochondria

TABLE 3
Cellular Patterns of 70 Hyperfunctional Parathyroid Glands Compared Between MIBI True-Positive Lesions

and False-Negative Lesions

True-positive glands
mean Â±SD (range) (n = 59)

False-negative glands
mean Â±SD (range) (n = 11)

Whole gland areas (mm2)
Chief cell areas (mm2)
Oxyphil cell areas (mm2)
Total scores for cellularity*113.3

Â±85.8(27.6-391.1)
99.2 Â±87.6 (13.8-386.5)
13.2 Â±27.9(0-137.2)

3.5 Â±1.6(1-8)20.5

Â±9.6 (11. 1-32)
18.6 Â±8.9 (9.6-27.6)

1.4 Â±1.9(0-4.9)
3.3 Â±1.9(0-6)<0.001

0.002
NS
NS

"Score for cellularity: hemorrhage, fibrosis, cystics change, fatty infiltration. 0 = not present; 1 = mild frequency; 2 = moderate frequency;

3 = marked frequency.
MIBI = methoxyisobutyl isonitrile; NS = not significant.
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occupy large areas of most parathyroid adenomas or hyper-

plastic glands.
The distribution of MIEI in vivo not only represents

metabolic function but also is a simple function of blood
flow. Gland size (weight) and gland vascularity are signifi
cant predictors of MIBI uptake, and they are most likely to
correlate with increased delivery and, consequently, with
increased accumulation of radiotracer in an abnormal gland
(18). Dynamic MIBI images and color Doppler sonography
were both successful in demonstrating increased vascularity
in a region of an autografi of a parathyroid (7). The location
of hyperfunctional glands is apparently another factor influ
encing lesion detectability, because a MIBI scan easily
detects lesions of juxtathyroidal and ectopie parathyroid
glands. The sensitivity for localizing hyperfunctional para
thyroid gland in patients with secondary HPT (55%-83%)

was reported to be lower than in patients with primary HPT
(89%-98%) (6,13,18-20). Investigators have speculated
that MIBI uptake, such as 201T1,in parathyroid glands is

reduced in patients with chronic renal failure as a result of
the interference of several factors present in uremia (3).
However, we found no significant difference in the uptake of
MIBI in diseased glands between primary HPT and second
ary HPT. One reason for the higher sensitivity in patients
with primary HPT is the high incidence of adenomas. The
most frequent pattern is characterized histologically as
parathyroid adenomas of high cellularity that lack degenera
tive or hemorrhagic changes. In parathyroid hyperplasia,
however, there are variable pathologic features, such as
necrotic degeneration, cystic transformation, calcification
and fatty infiltration. Localization may be impaired in
low-cellular hyperplastic glands. The occurrence of multiple

parathyroid lesions is another important factor in the low
sensitivity for localizing diseased glands in patients with
secondary HPT. An observer has difficulty in distinguishing
increased uptake in each quadrant of the thyroid in multiple
hyperplastic glands in which one dominant gland can be
interpreted as single lesion (21).

CONCLUSION

There was no significant difference in the uptake of MIBI
between the diseased glands of patients with primary HPT
and those of patients with secondary HPT. The uptake of
MIBI in hyperfunctional parathyroid is dependent on the
amounts of chief cells, mitochondria-rich oxyphil cells and

cellular components, as well as gland size. However, the
amount of oxyphil cells does not clearly affect the results of
MIBI parathyroid scintigraphy because this amount is small
in most hyperfunctional glands.
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