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Localization of hyperfunctioning parathyroid glands by means of
thallium-201 and iodine-131 subtraction scintigraphy in patients
with primary and secondary hyperparathyroidism

Mitsuko SueHIRO and Minoru FUKUCHI

Department of Nuclear Medicine, Hyogo College of Medicine, Nishinomiya, Hyogo, Japan

The accuracy of the preoperative localization of hyperfunctioning parathyroid glands by
subtraction scintigraphy with 201Tl and 1311 was evaluated by comparison with the operative
findings. The subjects were 67 consecutive patients with hyperparathyroidism (HPT), includ-
ing 24 with primary and 43 with secondary HPT. In primary HPT, surgery revealed 26
adenomas weighing 0.26-15.80 g (mean-+SD; 3.014-3.04 g). Two patients had double
adenomas. Scintigraphy correctly localized 25/26 adenomas (96.2%) in primary HPT for
a sensitivity, specificity, and accuracy of 96.2%;, 98.5%, and 97.9%, respectively. In sec-
ondary HPT, 163 hyperplastic glands weighing 0.03-5.08 g (0.854-0.93 g) were found.
Scintigraphy correctly localized 79 glands (48.5%) weighing 0.03-5.08 g (1.19+1.10 g),
but 84 glands (51.5%) weighing 0.04-2.70 g (0.514-0.50 g) were not detected. Thus, the
sensitivity, specificity, and accuracy of scintigraphy were respectively 48.5%, 100%, and
51.2%, in secondary HPT. These results show that scintigraphy with 202T] and 1311 can be
used to locate abnormal parathyroid glands with an efficacy equal to or better than that of

the conventional methods with 201T] and 99™Tc¢ or 201T] and 123].
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INTRODUCTION

THE PREOPERATIVE LOCALIZATION of hyperfunctioning
parathyroid glands is a vital step in the treatment of
hyperparathyroidism (HPT). Since Fukunaga et al.l
first reported on the accumulation of thallium-201
(201T]) in parathyroid adenomas, parathyroid sub-
traction scintigraphy with 201T] and thyroid imaging
agents has been applied clinically.2711 Such scinti-
graphy 1s now most commonly performed with 201T]
and technetium-99m (9°™Tc¢),2™9 and to a lesser extent
with 201T] and iodine-123 (1231),10.11 Thyroid imaging
is commonly performed with 123, 99™Tc, or occa-
sionally iodine-131 (331I). However, parathyroid
subtraction scintigraphy with 201T1 and 13!1 has not
previously been reported.

Received January 8, 1992, revision accepted April 4,
1992.

For reprints contact: Mitsuko Suehiro, M.D., Depart-
ment of Nuclear Medicine, Hyogo College of Medicine,
1-1, Mukogawacho, Nishinomiya, Hyogo 663, Japan.

Vol. 6, No. 3, 1992

In this paper, we describe the results of parathy-
roid subtraction scintigraphy with 201T] and 1311 in
a series of 67 preoperative patients with primary or
secondary HPT.

MATERIALS AND METHODS

Patients

We studied 67 patients with HPT, including 24 with
primary HPT (20 females and 4 males aged 21-83
years; mean age: 51.8 years) and 43 hemodialysis
patients with secondary HPT due to chronic renal
failure (24 females and 19 males aged 24-62 years;
mean age: 43.1 years). They were all referred to our
department for the preoperative localization of hyper-
functioning parathyroid glands. All the patients were
diagnosed as having HPT on the basis of clinical
signs and biochemical data.

Imaging procedure

A gamma camera (Starcam 400 AC/T, GE,
Milwaukee, WI, U.S.A.) with a pinhole collimator
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was used. 1311 (3.7 MBq, 0.1 mCi) was given orally
as sodium iodide to each patient after pretreatment
with a low-iodine diet for one week. Twenty-four
hours later, scintigraphy of the anterior neck was
performed. At first, scattering data for 131 were
acquired via the 201T] window (71 KeV+10%) of
a pulse height analyzer (PHA), and these data were
fed into the computer for 5 minutes to allow sub-
traction of the 1311 scattering image from the 201TI
image. Then, 74 MBq (2 mCi) of 201T1 chloride was
given intravenously by bolus injection. Two minutes
later, 201T] and 18!] data were simultaneously ac-
quired at the neck with a 128x 128 matrix and a
PHA with a 201T] window and another PHA with
a 131] window (364 KeV+10%), and the data were
fed into the computer for 15 minutes. The patients
remained motionless during scintigraphy, with the
neck supported on a specially designed pillow. Sub-
traction images were obtained as follows. First, the
131] scattering image was subtracted from the 201TI]
image and then the background was subtracted from

PHA*(1)

the 201T] image. Next, 131] and 20Tl images were
produced with an identical number of counts in
each region of interest (ROI), and finally the 131]
image was subtracted from the 201T] image to give
a parathyroid subtraction image (Figs. 1 and 2). The
results of scintigraphy were compared with the data
obtained by surgical exploration of the neck.

-RESULTS

Primary HPT

All the patients were found to have abnormal
parathyroid activity in the neck on scintigraphy. At
operation, 26 adenomas were found in the 24 patients
in this group. These tumors weighed from 0.26 to
15.80 g (3.01+3.04 g) and 2 patients had double
adenomas. All but one of the adenomas (96.2%)
were correctly localized by scintigraphy, including
the double adenomas. Thus, in primary HPT scinti-
graphy was true positive for 25 hyperfunctioning
glands, true negative for 67 normal glands, false
positive for 1 normal gland, and false negative for

PHA*(2)

[-131 data acquisition,128x128 point
matrix

I-131 scattering data acquisition on
TI1-201 window,128x128 point matrix

Y

TI-201 data acquisition,128x128 point
matrix

Subtract I-131 scattering image from TI-201 image

Subtract background from TI-201 image

1)

in each ROI

Make [-131 and TI1-201 images with the same counts

Subtract 1-131 image from TI-201 image

Obtain a parathyroid subtraction image

(*) : pulse height analyzer

Fig. 1 Procedure for parathyroid subtraction scintigraphy using 201T] and 131],

186 Mitsuko Suehiro and Minoru Fukuchi

Annals of Nuclear Medicine



Fig. 2 Parathyroid subtraction scintigraphy using 201T] and 1311 in a patient with secondary
HPT. A: 131] thyroid image, B: 21Tl thyroid image after background subtraction, C: sub-
traction image with abnormal parathyroid activity in the neck, and D: location of abnormal

parathyroid glands found at surgery.

Table 1 Scintigraphy data and operative findings in 67 patients with primary and secondary HPT

Surgical
Number exploration True False Evaluation (%)
Patient of
patients Abnormal Positive Negative Positive Negative Sensitivity Specificity Accuracy
glands €] (%) (€549
Primary HPT* 24 26 25 67 1 1 96.2 98.5 97.9
Secondary HPT* 43 163 79 0 84 48.5 100 51.2

(*)=hyperparathyroidism

o (truc-positive)
~ (true-positive)+ (false-negative)

X 100

(B80)=—

(true-positive)+- (true-negative)

(true-negative)
s - 1
(#%) (true-negative) -+ (false-positive) i

1 hyperfunctioning gland. Therefore, the sensitivity,
specificity, and accuracy were 96.2%, 98.5%, and
97.9%, respectively (Table 1).

Secondary HPT

Forty-one of the 43 patients (95.3%) were found to
have abnormal parathyroid activity in the neck by
scintigraphy, and in the other 2 patients (4.7%) there
appeared to be no hyperplastic glands in the neck.
At operation, 163 hyperplastic glands weighing
from 0.03 to 5.08 g (0.85--0.93 g) were found in the
43 patients. Scintigraphy correctly localized 79/163
glands (48.5%;) weighing from 0.03 to 5.08 g (1.19-+
1.10 g), but 84 hyperplastic glands (51.5%) weighing
from 0.04 to 2.70 g (0.51+0.50 g) were not detected.
At least one gland was correctly localized in 41
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F T X
(true-positive) -+ (false-negative) + (true-negative) - (false-positive)

100

patients (95.3%), while two or more glands were
detected in 28 patients (65.1%,), three or more glands
were found in 8 patients (18.6%), and four glands
were seen in 2 patients (4.7%). Thus, in secondary
HPT scintigraphy was true positive for 79 hyper-
plastic glands, true negative for 9 normal glands, and
false negative for 84 hyperplastic glands. There were
no false positive results. Therefore, the sensitivity,
specificity, and accuracy were 48.5%, 100%, and
51.29;, respectively (Table 1).

Sensitivity and parathyroid weight

The sensitivity of scintigraphy was compared with
the weight of the respected hyperfunctioning para-
thyroid glands in all the patients. In primary HPT,
the sensitivity of scintigraphy was not related to the
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Primary HPT#

Sensitivity
50 75 100

-2.0g or more
(n=14)

100%

0.8g or more
(n=21)

95.2%

0.6g or more
(n=22)

95.5%

0.4g or more

Parathyroid weight (g)

95.8%

(n=24)

0.2g or more
b (n=26)

96.2%

Secondary HPT#

0 25

Sensitivity
50 75 100

3.0g or more
(n=7)

100%

2.0g or more
(n=18)

94.4%

1.0g or more
(n=49)

75.5%

0.8g or more
(n=56)

69.6%

0.6g or more
(n=75)

68.0%

Parathyroid weight (g)

0.4g or more

(n=98)

58.2%

0.2g or more
(n=126)

50.8%

0.03 or more
(n=163)

48.5%

(#)=hyperparathyroidism

Fig. 3 Comparison between the sensitivity of detection by scintigraphy and the weight of
the abnormal parathyroid glands determined by surgical exploration.

weight of the hyperfunctioning gland (Fig. 3). How-
ever, in secondary HPT, there was a good relation-
ship between detection by scintigraphy and the
weight of the hyperplastic gland (Fig. 3).

DISCUSSION
Computer-assisted subtraction imaging is generally
performed for clinical parathyroid scintigraphy with

201T] and 99™T¢,29 and to a lesser extent with 201T1
and 123[ 10,11 In this study, we investigated computer-
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assisted parathyroid subtraction scintigraphy with
201T] and 181, 131] is a relatively suitable radio-
nuclide for parathyroid subtraction scintigraphy,
despite its long half-life, beta emissions that increase
the radiation dose to the thyroid tissue, and the
high energy of the principal gamma photons (364
KeV). The long half-life of 1311 allows sufficient neck
counts to be accumulated in the ROI for effective
parathyroid subtraction scintigraphy and the high
energy of the principal photons can be effectively
controlled with a pinhole collimator. In fact, the
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penetration of high energy photons (up to 480 KeV)
was only 5.09% with a pinhole collimator and our
instruments. The radiation dose to the thyroid gland
is only 0.439 mGy when 74 MBq (2 mCi) of 201T] is
injected for parathyroid subtraction scintigraphy in
euthyroid patients. Therefore, the radiation dose to
the thyroid is mainly due to the companion radio-
nuclide (99™Tc, 1231, or 131]). The dose provided with
3.7 MBq (0.1 mCi) of 131 for parathyroid subtrac-
tion scintigraphy in euthyroid patients is very much
higher (1,291.8 mGy) than that obtained with
148 MBq (4 mCi) of 99™Tc (7.96 mGy) or with
7.4 MBq (0.2 mCi) of 123 (27.9 mGy). Therefore, the
clinical application of scintigraphy with 201Tl and
1311 requires circumspection. 1311 was widely used for
routine thyroid scintigraphy in patients with various
thyroid disorders between 1952 and 1979 in Japan
without causing adverse reactions.!2 In addition,
Holm et al.13 reported that a diagnostic dose of 1311
did not increase the incidence of thyroid malignancy
in their retrospective study of 10,133 patients.
Although 1311 is perhaps generally considered an
undesirable radionuclide for thyroid scintigraphy
when compared with 12] or 99™Tc, we believe that
there is no reason to completely abandon its clinical
use. For example, when 131] is used for parathyroid
subtraction scintigraphy, it is relatively inexpensive
(1/14 of the cost of 123 and 1/11 of that of ?9™Tc).
In addition, simultaneous acquisition of the neck
counts for 201TI and 131 (which possess different
photon energies of 71 KeV+109% and 364 KeV+
109, respectively) can be performed with two PHAs
without influencing the data for the other radio-
nuclide. The sensitivity of detection of abnormal
parathyroid glands by this method was 96.2%, in
primary HPT and 48.5% in secondary HPT. It is
well known that detection sensitivity depends upon
the size of the gland being imaged, and that smaller
glands are more difficult to detect by nuclear medical
techniques. At surgical exploration, 163 hyperplastic
parathyroid glands were observed in the 43 patients
with secondary HPT, weighing from 0.03 to 5.08 g
(mean; 0.85g). However 84 of these hyperplastic
glands (51.5%) were quite small and weighed only
0.50 g or less. Therefore, it seems that the lower
sensitivity of scintigraphy in the patients with sec-
ondary HPT was probably due to the smaller size of
their abnormal parathyroid glands, which were close
to the limit of resolution for our gamma camera. The
sensitivity of scintigraphy was not related to the
weight of the hyperfunctioning gland in primary
HPT (Fig. 3). However, we found a good relationship
between the sensitivity of detection and gland weight
in secondary HPT (Fig. 3). Primary HPT is due to
the excessive autonomous secretion of parathormone
from one or more of the parathyroid tumor(s).14 On
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the other hand, secondary HPT arises because of
chronic hypocalcemia, which acts as a stimulus to
parathormone secretion and enlargement of the
parathyroid glands.!® Therefore, the different char-
acteristics of the two diseases may have led to dif-
erent results in our study. In addition, it should be
noted that at least one lesion was correctly localized
in all of the primary HPT patients and 95.3%, of the
secondary HPT patients (with 1009 specificity).
The detection sensitivity of parathyroid subtraction
scintigraphy with 201T] and 99™Tc is 42%-96% in
primary HPT and 32%;-100% in secondary HPT2™9
and the sensitivity with 201T] and 123] is reported as
72.09;10 or 87.5%, 11 for all types of HPT.

In conclusion, combined 2°1T1 and 13! scintigraphy
can be used to locate abnormal parathyroid glands
with an efficacy equal to or better than that of the
conventional methods with 201T] and 9°™Tc or 201T]
and 123],
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