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201 -thallium/99m-technetium subtraction scanning in
primary hyperparathyroidism
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Summary: Both high resolution (10 MHz) ultrasound and 201-thallium/99m-technetium subtraction
scanning (Tl/Tc) were carried out preoperatively in 25 patients with primary hyperparathyroidism.

Operative findings were the standard against which these two imaging methodologies were compared.
Tl/Tc scanning showed a sensitivity of 42% and a specificity of 97%. By comparison, sensitivity of
ultrasound was 38% and specificity 89%. Both techniques were positive together in nine instances and
correctly localized the parathyroid adenoma in eight of these. In 44% of cases, however, both methods
together failed to localize any abnormal parathyroid tissue.
The ability of these modalities to localize abnormal parathyroid tissue correctly tended to vary with

gland size. Where both ultrasound and TI/Tc scans were negative, median gland size was smaller at 170 mg
(range 50-2,500 mg), compared with where T1/Tc scanning was correct (750 mg, 150-6,820 mg;
P< 0.03), ultrasound was correct (960 mg, 100-6,820 mg; P< 0.03) and both techniques together were
correct (980 mg, 600-6,820 mg; P = 0.002).

These results suggest that neither TI/Tc scanning or ultrasound has sufficient sensitivity or specificity to
be used routinely in the preoperative evaluation of patients with primary hyperparathyroidism.

Introduction

Routine preoperative localization of parathyroid
adenomas and/or hyperplasia continues to be the
subject of some controversy.' High success rates of
surgery with an experienced surgeon have cast
doubt on whether any form ofimaging technique is
necessary.2 These techniques have, however, over
the past decade improved in sensitivity2'3 and there
is some evidence now that preoperative localization
may both shorten operation (and anaesthetic) time
and reduce the number ofunsuccessful operations.3
Many different imaging modalities are now

available and include thallium/technetium subtrac-
tion scanning,4 high resolution (10 MHz) ultra-
sound,5 computed tomography (CT)6 and magnetic
resonance imaging (MRI).7 In this study the
efficacy ofthe two most widely available techniques
- 10 MHz ultrasound and thallium/technetium

subtraction scanning - were compared prospec-
tively.

Patients and methods

Ultrasound at 10 MHz and 201-thallium/99m-
technetium subtraction scanning (Tl/Tc) was car-
ried out in 30 consecutive patients presenting with
primary hyperparathyroidism. The diagnosis was
made on the basis of the presence of hypercal-
caemia in association with either elevated or unsup-
pressed parathyroid hormone (PTH) concentra-
tions. Serum calcium and albumin were measured
by autoanalyser (Hitachi) and calcium was
adjusted for the prevailing serum albumin concen-
tration as previously described.8 Intact PTH was
measured by a highly sensitive two-site immuno-
radiometric assay.9

All ultrasound scans were carried out using a
Diasonic DRF 400 ultrasound machine and a
10 MHz stand-off probe by one operator (JS) with
the patient in a supine position with his neck
hyperextended. This operator was 'blinded' to the
results of the thallium/technetium scan which was
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generally carried out first. The Tl/Tc scan was
carried out with images acquired in one minute
segments for 20 minutes after the intravenous
administration of 80 MBq 201-thallium then 10
minutes after 180 MBq 99m-technetium.'0 These
images were stored in a computer interfaced to a
gamma camera and a 'subtraction' scan then
obtained.

Twenty-five of these initial 30 patients went
forward to neck exploration. All surgery was

carried out by the same experienced surgeon (TC)
who had full access to both imaging results at the
time of operation. All tissue removed at surgery
was examined by a pathologist and any para-
thyroid tissue found was weighed in order to give
an assessment of the gland size. Surgery was not
carried out in five of the patients initially studied -
in each case this was because conservative manage-
ment was felt to be more appropriate than surgery.

Details ofpatients studied and their preoperative
biochemical parameters are shown in Table I. Size
of the abnormal parathyroid gland removed is also
shown. Since the data on the size of the abnormal
parathyroid glands are skewed, the results are

shown as medians and their associated range. For
statistical comparison these data were logarith-
mically transformed and a Student's t-test carried
out. Correlations where shown were made by
regression analysis. Sensitivities and specificities
for each technique were calculated assuming that in
each patient there were four possible sites for a

parathyroid adenoma.

Results

The operative findings were the standard against
which the two imaging methodologies were com-

pared. Since only 25 ofthe original 30 patients went
on to neck exploration, the data analysis is
confined to these 25 patients.
A single parathyroid adenoma was identified at

surgery in 23/25 patients. In one instance, two
hyperplastic parathyroids were removed (with
subsequent restoration of normocalcaemia) and in
one no abnormal parathyroid tissue was found
(and the patient remained hypercalcaemic). Post-
operative serum calcium levels became normal in
the 23 patients where a parathyroid adenoma was
removed.

Thallium/technetium subtraction scanning cor-

rectly localized the abnormal parathyroid tissue in
10 out of 24 instances. The sensitivity of this
technique was 42% and specificity 97%. Ultra-
sound at 10 MHz correctly localized the abnormal
parathyroid tissue in 9 out of 24 instances (in one
patient no abnormal parathyroid tissue was found
at surgery). The sensitivity of this technique was
38%, with a specificity of 89%. In nine instances

both these imaging modalities were positive and
were in agreement, and in eight of these instances
the localization of the parathyroid adenoma was
predicted correctly. However, in 11 patients (44%)
both modalities were negative, though in two of
these patients the thallium/technetium scan was
difficult to interpret due to the presence of a
multinodular thyroid. These two patients had large
adenomas at surgery (2,500 mg, 600 mg).
The ability of these modalities to identify abnor-

mal parathyroid tissue correctly tended to vary
with the size of the abnormal gland (Figure 1).
Where both techniques together failed to identify
the abnormal parathyroid tissue, gland size was
smaller at 170 mg (50-2,500 mg (median and
range) compared with where thallium/technetium
subtraction scanning alone was positive (750 mg,
150-6,820 mg; P<0.03), 10 MHz ultrasound
alone was positive (960 mg, 100-6,820 mg;
P< 0.03) and both techniques combined were
positive (980 mg, 600-6,820 mg; P = 0.002).
While thallium/technetium subtraction scanning
tended to be able to localize smaller glands than
10 MHz ultrasound (and both techniques com-
bined), this was not a statistically significant
difference.
A significant positive correlation was evidence

between PTH concentration and the size of the
parathyroid adenoma (r2 = 78%, P<0.0001) and
PTH concentration and preoperative serum cal-
cium concentration (r2 = 63%, P<0.0001). A
weaker, though again significant correlation, was
evident between the preoperative serum calcium
concentration and the size of the parathyroid
adenoma (r2= 52%, P<0.0001).

Discussion

The role of parathyroid imaging as a routine
procedure prior to parathyroidectomy remains

Table I Details of patients studied and their
preoperative biochemical profile

Number of patients 30 (23 female, 7 male)

Age (years) 62.5
SEM, range 2.3, 30-83

Serum calcium (mmol/1) 2.93
SEM, range 0.05, 2.70-4.00
(normal, 2.20-2.60)

PTH (pmol/l) 10.5
SEM, range 1.8, 2.7-56.0
(normal, 1- 5)

Median gland size (mg) 540
Range 50-6,820
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Figure 1 Parathyroid gland weight at surgery compared
with the result of preoperative imaging shown on a log
scale. 'Thallium + ve' indicates where Tl/Tc imaging
correctly localized abnormal parathyroid tissue, 'US + ve'
indicates where ultrasound correctly localized abnormal
parathyroid tissue, 'Both + ve' indicates where both
TI/Tc and ultrasound together were correct and 'Both-
- ve' indicates where both Tl/Tc and ultrasound
together failed to detect any abnormal parathyroid tissue.
Bars indicate medians.

controversial. A recent 'consensus' statement from
the National Institutes of Health in the United
States has suggested that parathyroid imaging
should be reserved only for patients who have had a

failed neck exploration.' Some evidence exists,
however, that the use of preoperative parathyroid
imaging may both reduce operating time and result
in an increased number of successul operations.3
Many different techniques have been used in an

attempt to localize parathyroid adenomas. At the
present time the most widely used techniques
include thallium/technetium subtraction scanning,
10 MHz ultrasound, computed tomographic (CT)
scanning and magnetic resonance imaging (MRI)."
Only one study to date has prospectively compared
these four modalities.'2 Specificities of all four of
these techniques were generally high (87-95%),

however sensitivities were not so high, with
thallium/technetium scanning best at 73% and
high resolution ultrasound poorest at 55%.

Direct comparison between thallium/technetium
scanning and high resolution ultrasound generally
shows both techniques are comparable with
specificities very high and sensitivities in the range
74-80%.'"'" Roses et al.,'5 however, in a study of
36 patients with primary hyperparathyroidism
noted a sensitivity of only 49% for thallium/
technetium subtraction scanning and 34% for
ultrasound. Results were similar in this present
study, with thallium/technetium subtraction scan-
ning only having a sensitivity of42% in localizing
parathyroid adenomas with the sensitivity of
10 MHz ultrasound being even less good at 38%.
These sensitivities are less good than the figures
quoted in many of the initial studies using these
modalities. Many of the initial studies with
thallium/technetium scanning quoted sensitivities
of the order of 65 to 90%.416 7 Similarly sen-
sitivities of around 70-80% were quoted for
10 MHz ultrasound.5 However, other more recent
studies have not been able to achieve sensitivities as
high as in these initial series.2""'2 The reason for
this discrepancy is not clear, however, the most
important variable in localizing a parathyroid
adenoma appears to be gland size.'2 With respect to
thallium/technetium subtraction scanning, Gim-
lette et al.'8 noted the lower limit of detectability to
correspond to a gland size of around 250 mg. The
smallest gland detectable in this present study was
150 mg, though in keeping with Gimlette's data'8
the median gland size in those patients with positive
thallium/technetium scans was significantly higher
at 750 mg. With the use now ofmultichannel serum
calcium analysers, hypercalcaemia is now to be
found commonly as a chance occurrence and the
average degrees of hypercalcaemia at presentation
is less marked than was previously the case.'9 Since,
as has been demonstrated in this study, serum
calcium concentration is related to gland size, it
may be that the mean size ofparathyroid adenomas
being treated surgically today is less than
previously and therefore any imaging technique is
likely to be less effective. Another possible factor to
be taken into account is the fact that parathyroid
hyperplasia is less easy to localize on imaging'2_
possibly because the glands tend to be smaller than
parathyroid adenomas" - and if a greater propor-
tion of patients in any given group had primary
hyperparathyroidism secondary to hyperplasia
rather than a solitary adenoma, then the sensitivity
of the localizing technique used may be less good.
This could not account for the poor sensitivities
seen in this study as parathyroid hyperplasia was
present in only one of 25 patients.
Where both these techniques are carried out,

previous studies have suggested that the overall
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sensitivity is higher than with either thallium/
technetium scanning or ultrasound alone. Krub-
sack et al."2 noted an overall sensitivity of 85%
when thallium/technetium scanning and ultra-
sound were combined. Combining three or even
four imaging techniques, however, did not add
further to the sensitivity observed. Similarly,
Gooding et al."4 found combining thallium/
technetium scanning with ultrasound to be more
sensitive than either technique alone and these
authors recommended that both these techniques
should be used together in the preoperative assess-
ment of the patient with primary hyperpara-
thyroidism as both these techniques appear to be
complementary. However, given the fact that ultra-
sound involves no exposure to radioactivity, the
logical sequence of investigation would be to carry
out high resolution ultrasound first. If this is
positive, proceed to surgery. If this is negative a
thallium/technetium scan should also then be car-
ried out prior to surgery. While this sequence of
investigation would appear attractive the fact that
44% of patients in this study had negative results
for both techniques would appear to limit their
usefulness even when combined.

This study has only investigated the use of
imaging at the time of first neck exploration and
furthermore only those patients with adenomas in

the neck, as opposed to the mediastinum, were
studied. The effect of surgery in distorting tissue
planes is such that thallium/technetium scanning is
probably the investigation of choice in patients
who have had a previous unsuccessful neck exp-
loration.20 However, some evidence exists that in
this situation an experienced operator may achieve
similar results to Tl/Tc scanning with high resolu-
tion ultrasound.'4 Furthermore, thallium/
technetium scanning is probably also the technique
of choice where a mediastinal adenoma is
suspected.4 Advances are also taking place in
attempting to improve the sensitivity of nuclear
medicine imaging, particularly with the use of
99m-technetium sestamibi in place of 201-
thallium.2' However, the place of this technique in
routine imaging remains to be established.
While evidence exists that preoperative

parathyroid localization may be beneficial, results
from this study suggests that neither thallium/
technetium subtraction scanning nor high-
resolution ultrasound are sufficiently sensitive
alone to be of value in the routine assessment of
patients with primary hyperparathyroidism. This is
particularly the case where hypercalcaemia is
relatively mild. There may be a place, however, for
combining these two techniques. Further studies
are required to specifically address this issue.
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