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Abstract
Purpose This study aimed to investigate the differential
findings in clinical and biochemical features, and Tc-99m
sestamibi (MIBI) dual-phase parathyroid scintigraphy for
malignant and benign parathyroid lesions in patients with
primary hyperparathyroidism.
Methods Subjects were 102 parathyroid lesions from 91
patients with primary hyperparathyroidism. Scintigraphic
findings included radioactivity grade, uptake pattern,
uptake contour, lesion size on early and delayed images,
and degree of washout. Clinical and biochemical features
were also evaluated. Histopathology confirmed the final
diagnosis for all the patients.
Results Final diagnoses were 94 benign parathyroid lesions
and 8 parathyroid carcinomas. The patients with parathy-
roid carcinoma were significantly older (p=0.002) and had
significantly higher serum parathyroid hormone concen-
trations than those with benign parathyroid lesions (p<
0.001). All malignant parathyroid lesions showed intense
radioactivity similar to or greater than the submandibular

gland activity on delayed images (p=0.007), and little
radioactivity difference between early and delayed images
(p=0.012). The cancer incidence for parathyroid lesions
with both intense radioactivity and no washout was 17.0%
(8/47). When parathyroid lesions with all of the above-
mentioned findings were regarded as malignant, the cancer
incidence significantly increased from 17.0% to 33.3% (8/
24, p<0.001).
Conclusion For Tc-99m MIBI dual-phase parathyroid scin-
tigraphy, uptake grade on delayed images and washout were
significantly useful diagnostic criteria for differentiating
benign from malignant parathyroid lesions, along with age
and parathyroid hormone serum concentration.
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Introduction

Parathyroid carcinoma is an uncommonmalignancy that is the
cause of primary hyperparathyroidism in less than 1% of cases
[1–3]. A definitive treatment for parathyroid carcinoma is
surgery only. En bloc resection of the tumor, including
ipsilateral thyroid lobectomy, isthmectomy, tracheal skeleto-
nization, and excision of any adherent muscle, is the initial
therapy of choice [4, 5]. Open biopsy (including fine-needle
aspiration cytology) in a suspected case of parathyroid
carcinoma is not recommended because of the significant
risk of capsule rupture with subsequent tumor spillage [6, 7].

Establishing a diagnosis of parathyroid carcinoma pre-
or intraoperatively is difficult because of the lack of
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definitive diagnostic markers and overlap in clinical
features with benign parathyroid disease. This results in
frequent incomplete excision and a very high rate of
recurrence. Therefore, the distinction between parathyroid
carcinoma and benign parathyroid disease is important in
patient management. A proper recognition of carcinoma at
the time of initial treatment is the key to performing an
adequate surgical procedure for a favorable outcome.

Generally accepted preoperative imaging modalities to
localize parathyroid lesions include ultrasound, computed
tomography (CT), magnetic resonance imaging (MRI) and
Tc-99m sestamibi (MIBI) parathyroid scintigraphy. Tc-99m
MIBI parathyroid scintigraphy is a useful and non-invasive
method for localizing parathyroid tumors [8, 9]. The mean
sensitivity of preoperative Tc-99m MIBI for the detection of
solitary adenoma is 88.9% (87.4% to 89.4%). The mean
sensitivity is 44.7% (41.1% to 47.8%) for detecting
multiple gland disease and 30% (2.2% to 62.1%) for
double adenomas [10]. However, diagnostic values for
using this imaging modality to differentiate between
parathyroid carcinoma and benign parathyroid disease have
not been reported. Also, whether parathyroid scintigraphy
can differentiate benign from malignant parathyroid lesions
in patients with primary hyperparathyroidism is unknown.

The aim of this retrospective study was to investigate
differential findings in clinical and biochemical features,
and Tc-99m MIBI dual-phase parathyroid scintigraphy
between malignant and benign parathyroid lesions in
patients with primary hyperparathyroidism.

Materials and Methods

Subjects

We retrospectively analyzed the medical records of 100
consecutive patients with clinically and biochemically
diagnosed primary hyperparathyroidism who underwent
preoperative Tc-99m MIBI dual-phase parathyroid scin-
tigraphy and subsequent operation at our institution
from November 1998 to November 2008. Of 100 cases,
Tc-99m MIBI scintigraphy could not be reviewed in 7
because of data error. These were removed from further
data analysis. Pathological diagnoses for two patients
confirmed normal parathyroid tissue. Therefore, 91
patients (63 women, 29 men; mean age±SD, 53.0±
14.0 years; age range, 14.0–88.0 years) with a total of
102 lesions were enrolled in this study. The average
time interval between Tc-99m MIBI scintigraphy and
surgery was 2.0±3.0 months. In all patients, a final
diagnosis was confirmed by histopathology via surgical
excision. Our institutional review board approved the
protocol of this retrospective study.

Tc-99m MIBI Dual-Phase Parathyroid Scintigraphy

Tc-99m MIBI scintigraphy was performed using a dual-
head gamma camera (Biad, Trionix Research Laboratory,
Inc., Twinsburg, OH, for 75 patients and Infinia, GE
Healthcare, Milwaukee, WI, for 16 patients). An anterior
neck image using a pinhole collimator and anterior chest
image using a parallel hole collimator were acquired
15 min and 3 h after the intravenous injection of
555 MBq Tc-99m MIBI.

Two nuclear medicine physicians retrospectively inter-
preted Tc-99m MIBI scans by consensus for intensity of
radioactivity, uptake pattern, uptake contour, size of each
lesion on early and delayed images, and degree of washout,
as displayed on a workstation monitor with variable upper
window threshold levels.

In most patients in our study, the submandibular
gland showed higher radioactivity than the thyroid gland
on both early and delayed images. Therefore, we
evaluated the radioactive intensity of each lesion using
a four-point visual grading system by adopting the
submandibular gland and thyroid gland as reference
organs on each early or delayed image, respectively
(grade 0, similar to thyroid gland activity; grade 1,
between the thyroid and submandibular gland; grade 2,
similar to submandibular gland activity; grade 3, more
than submandibular gland activity). For visual grading,
various upper window levels were adopted using the
activities of the thyroid gland, submandibular gland, and
parathyroid lesion, if necessary (Fig. 1). Uptake pattern
was classified into homogeneous or heterogeneous. Ho-
mogeneous uptake was defined as uniform uptake by the
parathyroid tumor, and heterogeneous uptake was defined
as spotted or mottled uptake in the parathyroid tumor.
Uptake contour was classified into smooth or irregular
margins (Fig. 2). Parathyroid lesion size was classified as
smaller or larger than half of the corresponding thyroid
lobe. For the evaluation of uptake pattern and contour, the
activity of the submandibular gland was considered as an
upper window level. The parathyroid lesions with grade 0
were determined to have heterogeneous uptake patterns
and irregular margins. The degree of washout was defined
by subtracting the radioactivity grade of a late image from
the radioactivity grade of an early image (Fig. 3).

Statistical Analysis

The Mann-Whitney U test and Fisher’s exact test were used
to compare clinical, biochemical, and scintigraphic findings
between benign and malignant parathyroid lesions. As
biochemical markers, serum concentrations of total calci-
um, ionized calcium, and parathyroid hormone (PTH) were
included. P<0.05 was considered statistically significant.
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Results

Final histological results included 80 parathyroid adenomas
(78.4%), 14 hyperplastic parathyroid glands (13.7%), and
8 parathyroid carcinomas (7.8%). Clinical, biochemical,
and scintigraphic findings are compared between benign
and malignant parathyroid lesions in Table 1. Histological
confirmation was obtained via operation. Macroscopically,
parathyroid carcinomas were not significantly larger than
parathyroid adenomas or hyperplastic parathyroid glands
(mean±SD, 1.9±0.8 cm for parathyroid carcinomas, 1.8±
2.2 cm for parathyroid adenomas, 2.3±1.2 cm for hyper-
plastic parathyroid glands; p=0.271). Of the 91 patients, 6
(4 men, 2 women) had parathyroid carcinomas. All patients
with parathyroid carcinoma were older than 40 years (p=
0.002). Serum PTH concentrations for patients with
parathyroid carcinomas were significantly higher than those

with benign parathyroid lesions (p<0.001). However, no
significant difference was observed in the serum concen-
trations of total calcium or ionized calcium in patients with
parathyroid carcinomas or benign parathyroid lesions. All
malignant parathyroid lesions showed intense radioactivity
similar to or greater than submandibular gland activity on
delayed images (p=0.007), and little difference in the
radioactivity of early and delayed images (p=0.012) (Figs. 4
and 5). No significant differences were observed between
benign parathyroid lesions and parathyroid carcinomas for
the scintigraphic findings on size, grade of uptake, or
uptake pattern and uptake contour on early or delayed
images.

In this study, the cancer incidence for parathyroid lesions
according to Tc-99m MIBI uptake was 7.8% (8/102) on a
lesion-by-lesion basis or 6.6% (6/91) on a subject-by-
subject basis. Significant differences were seen for age, Tc-

Fig. 1 Representative images of
the 4-point visual grading sys-
tem for parathyroid lesions
(grade 0–3, a–d, respectively)

Fig. 2 Representative images
showing the uptake pattern and
contour of parathyroid lesions;
homogeneous pattern and irreg-
ular contour (a), and heteroge-
neous pattern and smooth
margin (b)

278 Nucl Med Mol Imaging (2011) 45:276–284



99m MIBI uptake, and washout, and serum PTH level
between benign and malignant parathyroid lesions. These
were used as combined diagnostic criteria (Tables 1 and 2).
Because it is clinically important to diagnose all
malignant lesions without false negatives, we tried to
find such diagnostic criteria. Defining high Tc-99m MIBI
uptake on delayed images (grade 2, 3) as malignant gave
a sensitivity of 100% (8/8), specificity of 58.5% (55/94),
positive predictive value (PPV) of 12.7% (8/63), negative
predictive value (NPV) of 100% (39/39), and accuracy of
46.1% (47/102) for using Tc-99m MIBI dual-phase
parathyroid scintigraphy for diagnosing malignant para-
thyroid lesions. Defining no washout (uptake grade on
early image minus uptake grade on late image=0) as
malignant gave a sensitivity of 100% (8/8), specificity of
43.6% (41/94), PPV of 16.3% (8/49), NPV of 100% (53/
53), and accuracy of 59.8% (61/102). Defining parathy-
roid lesions from subjects more than 40 years old as
malignant gave a sensitivity of 100% (6/6), a specificity
of 15.3% (13/85), a PPV of 7.7% (6/78), an NPV of

100% (13/13), and an accuracy of 20.9% (19/91).
Defining high concentrations of serum PTH in 100
lesions (>154.1 pg/ml; the lowest value in malignant
lesions) as malignant gave a sensitivity of 100% (8/8), a
specificity of 47.8% (44/92), a PPV of 14.3% (8/56), an
NPV of 100% (44/44), and an accuracy of 52.0% (52/
100). When parathyroid lesions with both high delayed
uptake and no washout were considered malignant,
sensitivity, specificity, PPV, NPV, and accuracy were
100% (8/8), 58.5% (55/94), 17.0% (8/47), 100% (55/
55), and 61.8% (63/102). When parathyroid lesions with
all of the above criteria were considered malignant,
sensitivity was 100% (8/8), specificity was 83.0% (78/
94), PPV was 33.3% (8/24), NPV was 100% (78/78),
and accuracy was 84.3% (86/102). This was a significant
improvement in specificity, PPV, and accuracy over any
single diagnostic criterion (Fig. 6). Using these combined
criteria without false negatives significantly increased the
cancer incidence from 7.8% (8/91) at baseline to 33.3%
(8/24, p<0.001).

Fig. 3 Representative early and
delayed images showing wash-
out of parathyroid lesions; no
washout (a, b) and positive
washout (c, d)

Table 1 Demographic features
of the study patients

NS not significant, NA not
applicable

Characteristics Adenoma/hyperplasia Carcinoma P value Odds ratio (95% CI)

Sex

Female 55 2 NS 3.667 (0.634–21.200)

Male 30 4

Age at diagnosis (years)

<40 13 0 0.002 NA

40–59 48 4

>60 24 2
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Fig. 4 Early (a, b) and delayed
(c, d) images of neck and thorax
Tc-99m MIBI parathyroid scan
in a patient with parathyroid
carcinoma. The images show a
persistent intense tracer focus
with nodular shape in the left
thyroid bed

Fig. 5 Early (a, b) and delayed
(c, d) images of neck and thorax
images show a mild radio up-
take in the left thyroid bed in a
patient with parathyroid adeno-
ma. The delayed images of neck
and thorax show a faint tracer
focus in the left thyroid bed
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Discussion

Although parathyroid carcinoma is a rare malignant neoplasm
and an uncommon cause of hyperparathyroidism, differenti-
ating malignant from benign parathyroid lesions is important
because inadequate excision leads to very high recurrence
rates [5]. Our results show that combined clinical and
scintigraphic diagnostic criteria are helpful for screening
potentially malignant parathyroid lesions while avoiding

false negatives. The sensitivity and NPV of the combined
criteria were 100% with a good accuracy of 84%, which may
support a change in diagnostic and therapeutic decision
making. For example, if the combined diagnostic criteria are
negative for malignancy, we may avoid any unnecessary
open biopsy and change the operative method from the
conventional cancer surgery of an en bloc excision including
the thyroid gland to the recent practice of minimally invasive
parathyroidectomy with low morbidity and mortality.

Table 2 Biochemical and scintigraphic findings between benign and malignant parathyroid lesions

Characteristics Adenoma/hyperplasia Carcinoma P value Odds ratio (95% CI)

Pathological size (cm) 1.9±1.1 (n=92) 1.9±0.8 (n=8) NS NA

Serum calcium (mg/dl) 10.9±1.0 (n=88) 11.2±1.7 (n=8) NS NA

Serum ionized calcium (mg/dl) 1.5±0.2 (n=75) 1.4±0.2 (n=8) NS NA

Serum parathyroid hormone (pg/ml) 284.2±412.8 (n=87) 1,187.0±746.4 (n=8) <0.001 NA

Tc-99m MIBI scintigraphy

Early image

Radioactivity

Grade 0 0 0 NS NA

Grade 1 4 0

Grade 2 60 3

Grade 3 30 5

Uptake pattern

Homogeneous 89 7 NS 2.543 (0.260–24.879)

Heterogeneous 5 1

Uptake contour

Smooth 53 7 NS 5.415 (0.641–45.776)

Irregular 41 1

Late image

Radioactivity

Grade 0 11 0 0.007 NA

Grade 1 28 0

Grade 2 43 3

Grade 3 12 5

Uptake pattern

Homogeneous 86 7 NS 1.536 (0.167–14.097)

Heterogeneous 8 1

Uptake contour

Smooth 71 7 NS 2.268 (0.265–19.417)

Irregular 23 1

Grade of washouta

≥1 53 0 0.012 1.195 (1.056–1.352)

0 41 8

Size

<1/2 of thyroid lobe 64 3 NS 3.556 (0.797–15.865)

≥1/2 of thyroid lobe 30 5

NS not significant, NA not applicable
a Grade of washout was defined by subtracting the radioactivity grade on a late image from the radioactivity grade on an early image

Plus-minus values (±) are standard errors of the mean
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Before any surgical attempts, differentiating between
malignant and benign parathyroid lesions is difficult
because parathyroid carcinoma has no specific differentiat-
ing characteristics.

Only a few reports describe the detection of parathyroid
carcinoma by Tc-99m MIBI parathyroid scintigraphy [11–
16]. No reports include diagnostic values for this imaging
modality for differentiating between parathyroid carcinoma
and benign parathyroid disease. Our analysis found intense
radioactivity similar to or greater than submandibular gland
activity on delayed images, and little difference in the
radioactivity of early and delayed images occurred more
frequently in parathyroid carcinomas than in benign
parathyroid lesions. Although parathyroid lesions with
intense radioactivity on delayed images and no washout
had a high likelihood of malignancy, not all that lesions
with these characteristics were malignant. The PPV of
scintigraphy was only 17.0% (8/47). Therefore, new
combined criteria that include other clinical variables are
necessary to improve the diagnostic value for differentiating
between parathyroid carcinoma and benign parathyroid
disease.

Our results show a higher frequency of parathyroid
carcinoma in patients with primary hyperparathyroidism
(7.8%) than the reported frequency of parathyroid
carcinoma [2]. The high incidence may be due to the
selective referral of patients with more serious conditions
to our center. Parathyroid carcinoma usually presents most
often in the 5th and 6th decades of life, approximately
10 years earlier than for patients with parathyroid
adenomas, and has equal gender distribution [5, 17]. Our
study found no parathyroid carcinomas in patients youn-

ger than 40 years, a factor that was included in the
combined diagnostic criteria. However, we had a male-to-
female ratio of 2:1 in our study, which may be because of
the small number of patients.

PTH levels are frequently two to ten times the normal
values in patients with parathyroid carcinoma, whereas
PTH levels are commonly twice the normal value in
patients with primary hyperparathyroidism [18–20]. In
accordance with previous studies, we found that the serum
PTH concentrations for patients with parathyroid carcino-
mas were significantly higher than for patients with benign
parathyroid lesions. This was included in the combined
criteria. The degree of hypercalcemia is often more
pronounced in parathyroid carcinoma. Very high calcium
levels, usually 3–4 mg/dl above the normal limit, are
common. However, we found no significant difference in
patients with parathyroid carcinomas or benign parathyroid
lesions.

Our results suggest that the scintigraphic findings of
grade of radioactivity on delayed images, degree of
washout, patient age, and serum PTH concentration are
diagnostically useful. Thus, the possibility of parathy-
roid carcinoma should be considered when a lesion has
an intense radioactivity similar to or greater than the
submandibular gland on delayed image, no washout
between the radioactivity of an early and a delayed
image, and a high PTH serum concentration in subjects
older than 40 years. Using these combined diagnostic
criteria gave no false-negative results for malignancy,
and we obtained good diagnostic efficacy, including a
high sensitivity with a 100% NPV, 83.0% specificity,
and 84.3% accuracy.

Fig. 6 Graph shows the comparisons of diagnostic efficacy between diagnostic criteria. Suggested combined criteria demonstrate the best PPV
and accuracy for differentiating benign from malignant parathyroid lesions (*p<0.001 ; **p<0.05)

282 Nucl Med Mol Imaging (2011) 45:276–284



Varying degrees of MIBI uptake in parathyroid
carcinoma are reported [11–16]. Many previous studies
suggest that Tc-99m MIBI uptake by parathyroid lesions
is related to the volume or size of the lesion, serum
calcium levels, oxyphil cell content, cellular mitochon-
dria content, tumor blood flow or capillary permeability,
expression of P-glycoprotein or multidrug resistance
(MDR) related protein, or phosphorus level [21–23].
Although the Tc-99m MIBI uptake mechanism by tumor
cells is not understood completely, hypothesized mecha-
nisms involve mitochondria and a combination of blood
flow and cell metabolic status [24]. No study has
examined the uptake mechanism of Tc-99m MIBI in
parathyroid carcinoma. Related studies suggest that in-
tense uptake and delayed retention may be caused by high
mitochondrial content, increased perfusion, or increased
metabolic activity [25–27].

Our study is limited by the small number of patients
with parathyroid carcinoma and retrospective design. Not
all subjects who had primary hyperparathyroidism un-
derwent Tc-99m MIBI scintigraphy. However, relatively
speaking it was not small in number since parathyroid
carcinoma is extremely rare. This is the first study on the
diagnostic value of Tc-99m MIBI dual-phase parathyroid
scintigraphy for differentiating benign from malignant
parathyroid lesions. Further prospective studies in a
larger number of patients to investigate the value of our
suggested diagnostic criteria for parathyroid lesions are
warranted.

In conclusion, the grades of Tc-99m MIBI uptake on
delayed images and washout were significantly useful
diagnostic criteria for using Tc-99m MIBI dual-phase
parathyroid scintigraphy to differentiate benign from
malignant parathyroid lesions. Additional useful criteria
were age and serum PTH concentration. These combined
criteria may be useful for screening parathyroid lesions
with a high risk of malignancy. This may affect
management and therapeutic planning for patients with
primary hyperparathyroidism.

Conflict of interest statement All authors declare that they have no
conflict of interest.
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