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Pre-operative imaging in primary hyperparathyroidism with ultrasonography
and sestamibi scintigraphy
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Abstract. Pre-operative imaging in primary hyperparathyroidism with ultrasonography and sestamibi scintigraphy.
Problem/Objective: Resection of pathological parathyroid glands is the only curative therapy in primary hyperparathy-
roidism. Adequate pre-operative localization of the pathological glands is very useful, whichever surgical technique is
preferred.

Objectives: The aim of our study was to evaluate and compare high resolution ultrasonography and sestamibi scintigraphy
as pre-operative imaging techniques and to explore their relationship with certain demographic and biochemical
variables.

Patients and methods: Data from 368 patients with primary hyperparathyroidism referred for surgery were retrospective-
ly analysed. The results of pre-operative imaging were compared with the operative findings and the anatomopathologi-
cal report.

Results: In predicting the correct side of the lesion (right or left), ultrasonography had a positive predictive value (PPV)
of 84%, whereas sestamibi imaging had a PPV of 93%. If both imaging techniques had a concordant positive result, the
PPV was 99%. The PPV in predicting the correct quadrant, however, was only 61% for sestamibi scintigraphy and 40%
for ultrasonography.

Conclusions: In our study, sestamibi imaging was better than ultrasonography as a single pre-operative localization
imaging method for primary hyperparathyroidism. A concordant positive result was exceedingly reliable in indicating
the side of the lesion. It seemed far more difficult to predict the quadrant correctly, especially because of misinterpreta-

tion of the upper adenomas.

Introduction

Primary hyperparathyroidism is a
common disease. The prevalence
of the disease in the adult popula-
tion probably lies between 0.6%
and 1.1%, with a clear female pre-
dominance.' The disease is charac-
terized by excessive secretion of
parathyroid hormone (PTH) and
usually one but sometimes 2 or
more enlarged parathyroid glands.
Primary hyperparathyroidism is
characterized by hypercalcaemia.?
Nowadays primary hyperparathy-
roidism is frequently diagnosed
by routine blood sampling in an
asymptomatic patient. Sympto-

matic patients usually present
with (recurrent) renal colic or
bone demineralisation. Other pos-
sible symptoms are abdominal
or neuromuscular complaints.
An acute hypercalcaemic crisis
or brown tumor is rare as a pre-
senting symptom. Currently, aspe-
cific symptoms like malaise or
fatigue and psychiatric diseases
are related to primary hyper-
parathyroidism.>* The resection
of the pathological parathyroid
glands is the only curative treat-
ment. For years, the traditional
surgical treatment for primary
hyperparathyroidism was a bi-
lateral neck exploration in which

the four parathyroid glands were
examined. The glands with a sus-
pect morphology are resected.®
This approach is probably exces-
sive when there is only one
enlarged gland, explaining the
tendency in the past decades
towards less invasive surgical
methods, such as a unilateral or
focal approach, or even endo-
scopic techniques.”® The main
advantages attributed to minimal-
ly invasive surgery are the shorter
operating times and that the con-
tralateral parathyroid glands and
recurrent laryngeal nerve are not
disturbed. Minimally invasive sur-
gical techniques require adequate
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pre-operative localization of the
pathological parathyroid glands.*’

The aim of our study was to
evaluate and compare high resolu-
tion ultrasonography (US) and
sestamibi scintigraphy (MIBI) as
pre-operative imaging techniques,
and to explore their relationship
with certain demographic and bio-
chemical variables.

Patients and methods

Data from 368 patients were
analysed retrospectively. All
patients with the pre-operative
diagnosis of primary hyper-
parathyroidism without indications
for a MEN-syndrome and for
which pre-operative imaging was
available were eligible. They were
referred for primary surgery to our
department by the department of
endocrinology of our university
hospital, or by an endocrinologist
or an otorhinolaryngologist from
another hospital. The patients’
characteristics are listed in
Table 1. All patients underwent
treatment with the same surgical
strategy between January 1996 and
July 2008. Of the 368 patients,
three were excluded because the
biochemically-established diagno-
sis could not be confirmed intra-
operatively by the finding of one
of more pathological parathyroid
glands. In the other 365 patients,
it was possible to correlate the
imaging with the histopathology,
which is considered the gold stan-
dard. In most cases, the referring
endocrinologist suggested the
indication for surgery. This deci-
sion was based on the age of the
patient, the plasma concentration
of parathyroid hormone (PTH)
and calcium, calciuria with poten-
tially impaired renal function
and the presence of symptoms
including nephrolithiasis, abdomi-
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Table 1

Patient characteristics; gender, age (years), and pre-operative calcium (mg/dL)
and PTH (ng/L) levels. The reference value for the calcium level is 9.9-10.5 mg/dl
and 3-40 pg/ml for PTH levels

Gender Men 88
Women 277
Age Median 59
Mean 58
Pre-operative levels Ca* Median 114
Mean 11.6
PTH Median 84
Mean 119

nal complaints, or osteoporosis.
As a result, pre-operative total
calcium and PTH levels were
available for all included patients.
The concentration of intact PTH
(1-84) was measured immuno-
radiometrically, with 3-40 pg/ml
used as the reference values in our
hospital. The normal calcium
level in our laboratory varies from
9.9-10.5 mg/dl.

The pre-operative imaging that
was performed consisted of a high
resolution ultrasonography (US)
and/or a *"technetium sestamibi
scintigraphy (MIBI).

The surgical treatment used
was the traditional bilateral neck
exploration under general anaes-
thesia. Consequently, all para-
thyroid glands were identified
with the resection, intra-operative
frozen sections, and definitive
anatomopathological examination
of enlarged glands. Additionally,
we obtained an intra-operative
frozen section from one or more
normal glands.

The pre-operative, suspected
localization by US or MIBI was
compared with the intra-operative
findings and the anatomopatho-
logical report. It was not always
possible to identify all the para-
thyroid glands during the opera-
tion. These glands were assumed

to be normal following normaliza-
tion of calcaemia and PTH level
after the resection of a clearly
pathological gland.

For the purposes of this study,
we first looked whether or not
imaging could localize the side of
the pathological gland (left versus
right). If this was correctly pre-
dicted, we also verified whether
the exact localization (superior
versus inferior position) was cor-
rectly assessed. Consequently, we
could specify the following
groups:

— Imaging was False Negative
(FN) if it could not identify any
enlarged parathyroid gland, but
pathologic gland tissue was
found during the operation.

— True Negative (TN) imaging did
not occur in our study. In all
patients, hyperparathyroidism
was proven biochemically, so
an adenoma or hyperplasia
must be present. Patients in
whom no pathologic parathy-
roid gland tissue was found
were excluded.

— False Positive (FP) imaging
predicted the enlarged glands to
a side that was inconsistent
with the intra-operative and
pathological findings. There
were three types of errors. First,
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in some cases the pathological
gland(s) was/were found on the
side contralateral to the predict-
ed side. An underestimation
was also a possibility. In such
cases, imaging correctly pre-
dicted an enlarged gland on one
side, but during the operation
an adenoma or hyperplasia was
also found on the other side. A
third possible error was an
overestimation in which imag-
ing predicted pathological
glands on both sides, but the
parathyroid glands were per-
fectly normal on one side.

— Imaging was called True
Positive (TP) if the predicted
side corresponded with the side
where at least one enlarged
parathyroid gland was found.
Both an overestimation and an
underestimation were not
grouped as TP.

— In this group of TP imaging, we
also verified whether or not
imaging predicted the exact
localization properly (enlarged
superior or inferior gland). This
information was not always
available in the imaging report,
or the position of the enlarged
gland was described as “poste-
rior, middle of dorsal”. Further
in the text we define this as “not
specified”.

The results were compared using
the Chi-square test (homogenicity
of proportions). We considered the
differences significant if P <0.05.
The error bars in the graphics
represent the confidence intervals
with a significance level of a =
0.05.

Results

1. Ultrasonography (Table 2)

The side (or sides in bilateral dis-
ease) was correctly predicted in

48% of the patients (TP). In 43%
of the patients, US could not
localize any parathyroid gland
(FN). In 30 of the 322 patients, US
was incorrect, featuring all three
possible errors mentioned (FP). In
11 of these patients, an adenoma
was found contralateral to the pre-
dicted side. In 12 patients, there
was an underestimation by US
with pathological glands on both
sides, whereas US suggested the
disease was limited to one side.
Finally, there was an overestima-
tion in 7 patients in whom disease
was limited to one side, although
US suggested both sides were
affected.

When US properly indicated
the side (TP), in nearly half of
these cases US also correctly pre-
dicted localization to the upper or
lower pole of the thyroid gland. In
practically all the localization
errors, the enlarged parathyroid
glands were situated in the upper
quadrant but the US protocol
described the glands as having an
inferior localization. In only one
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patient (2.5%) was an adenoma
predicted to be in a superior posi-
tion but was actually localized
inferiorly. If US did not indicate
the exact (superior of inferior)
localization, the glands were
almost always found in the upper
quadrant (in 85% of the cases).

2. #Te-MIBI scintigraphy
(Table 2)

Scintigraphy was FN in 38% of
the patients and predicted the
affected side correctly in 58%
of the cases. Nuclear imaging
was misleading in 11 of the
264 patients. The same errors
occurred as in US. In 6 of the 11
misleading nuclear scans, the
adenoma was contralateral to
the predicted side. In 2 patients,
there was an overestimation and
an underestimation by MIBI in
3 patients.

Of the TP imaging, the exact
quadrant was also correctly pre-
dicted in 65% of the patients. In
all cases in which the exact local-
ization was incorrectly predicted,

Table 2
Ultrasonography and sestamibi scintigraphy results
Ultrasonography Scintigraphy
n % n %
Examination negative FN 137 43 99 38
Side prediction wrong FP |30 9 11 4
Side prediction correct TP |155 48 154 58
and quadrant prediction correct 74 23 100 38
and quadrant prediction wrong 43 13 35 13
and quadrant prediction not specified 38 12 19 7
Total 322 264
Positive predictive value (side) PPV 84 93
(quadrant) 40 61
Sensitivity (side) Sens 53 61

FN = false negative
FP = false positive
TP = true positive

PPV = positive predictive value = TP / (TP + FP)

sensitivity (Sens) = TP / (TP + FN)
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Figure 1

Comparison of the positive predictive value (PPV) and the sensitivity of ultrasound and
scintigraphy in predicting the side the pathological parathyroid glands were located on.
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Figure 2

Comparison of the performance of ultrasound (US) and scintigraphy in predicting the
exact quadrant localization. The graphic shows the percentage in which the quadrant
prediction is correct, incorrect, or not specified in patients with a side correctly localized.

the adenoma was presumed to be
in the lower quadrant but was
actually an upper adenoma. If the
superior or inferior localization was
not specified, the enlarged gland
belonged to the upper quadrant in
81% of the cases.

3. Ultrasonography versus
scintigraphy

3.1. Comparison of performances
(Table 2, Figures 1 and 2)

A comparison of US and MIBI
showed that MIBI was significant-
ly more reliable in determining
the affected side. US resulted in
more errors which caused a lower
PPV. Additionally, US resulted in
more false negative examinations,
reducing the sensitivity.

MIBI was also more reliable in
determining the exact quadrant
localization. A quadrant was speci-
fied in more cases and it was more
often correct. Consequently, the
PPV of US was clearly lower.

3.2. Degree
(Table 3)

In 81 patients, both US and
nuclear imaging indicated suspi-
cious parathyroid glands. Both
examinations had an equal result
in 71 of these cases. Despite the
concordant results of imaging,
incorrect information was pro-
vided for one patient. In this case,
only one adenoma was predicted
whereas an adenoma was found
on both sides. If both examina-

of concordance

P. K. Leupe et al.

Table 3

Degree of concordance in patients where
US and MIBI were both positive
(n = 81). US = ultrasonography;
MIBI = sestamibi scintigraphy; True =
true positive; False = false positive

US MIBI n %
True True 70 86
False False 1 1
False True 8 10
True False 2 2

tions had an equal result, the PPV
was 98.6% (£ 2.7%).

In 10 patients, US and nuclear
imaging had an opposite result.
Nuclear imaging seemed more
reliable in these situations,
although this was not significant
because it concerned only a small

group.

4. Influencing factors (Table 1)

Demographics

To determine the influence of age,
we divided the patients in two
groups using the median age as a
cut off. It was not possible to
demonstrate a convincing dif-
ference between these two groups.
There was no clear difference
according to gender for MIBI
imaging, but in our study US
appeared to perform better in men
(Figure 3).

4.1. Pre-operative calcium and
PTH levels (Figure 4)

The mean and the median pre-
operative PTH and calcium levels
are shown in Table 1. We used the
median for both PTH and calcium
levels to divide our patients into
two groups.

There was no obvious influence of
these levels on the PPV of either
US or MIBI. On the other hand,
there was a trend toward better
imaging sensitivity in the group
with higher pre-operative PTH or
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influence of the gender
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Figure 3

Influence of gender on the performance of ultrasound (US) and scintigraphy (MIBI)
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Influence of the pre-operative calcium and parathyroid hormone (PTH) levels on the
sensitivity of ultrasound (US) and scintigraphy (MIBI).

calcium levels. The pre-operative
PTH level particularly affected the
US results; the sensitivity of ultra-
sound was significantly better in
the group with higher pre-
operative PTH levels. The sensi-
tivity of both US and MIBI was
superior in the group with higher
pre-operative calcaemia, although
the difference was not significant.

5. Unilateral versus bilateral
neck exploration

A bilateral neck exploration was
the surgical procedure performed
in nearly all of our patients. If we
had used a unilateral neck explo-
ration, based on the pre-operative
imaging report, a number of
pathological glands would have
been missed. We assumed that a

unilateral neck exploration was
not appropriate if imaging was
negative or when multiglandular
disease was suspected. We also
assumed that conversion of a uni-
lateral to a bilateral neck explo-
ration was required if no enlarged
parathyroid gland or if more than
one enlarged gland was found on
the explored side. The percentage
of glands that would have been
missed if a unilateral neck explo-
ration had been used is noted in
Table 4.

Discussion

Accurate pre-operative imaging is
very useful for primary hyper-
parathyroidism, whichever surgi-
cal technique is preferred. This is
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especially true for minimally inva-
sive surgical techniques, where
adequate pre-operative imaging is
indispensable. US and nuclear
imaging have proven to be espe-
cially valuable in the pre-opera-
tive evaluation.’

In our study, both US and ses-
tamibi scintigraphy had a good
PPV in predicting which side
(left versus right) the pathologi-
cal glands were on, but MIBI
appeared to be far more reliable.
Both sensitivity and PPV were
significantly better with MIBI
imaging. When the sestamibi scin-
tigraphy was positive, the patho-
logic gland(s) were found on the
predicted side (PPV) in 93%
of the cases, whereas US had a
positive predictive value of 84%.
When both examinations pre-
dicted the pathologic gland on the
same side, the PPV was 99%. A
concordant positive result was
thus very reliable in our study.

In the literature, there is a
wide variation in the performance
of both US and MIBI imaging.
In most studies, nuclear imaging
was superior to US."'" This
was especially true for the dif-
ference in sensitivity, owing to the
higher proportion of negative
ultrasounds.

In certain studies, better results
were obtained by US. In these
cases, the US was performed by
radiologists with a special interest
in and experience with neck US.
Ultrasonography is an operator-
dependent imaging modality,
which is an important disadvan-
tage.'* One study found that US,
performed by the parathyroid sur-
geon himself, appeared to be more
accurate than MIBI imaging as a
localization modality. Another
advantage of surgeon-performed US
is the additional anatomical infor-
mation it provides. The explana-
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Table 4

The percentage of patients in which a unilateral neck exploration (UNE) would have
been possible, and the percentage of pathologic glands missed (relying on the report of
US, MIBI, or the combination of both examinations). US = ultrasonography;
MIBI = sestamibi scintigraphy

US alone  |MIBI alone |US + MIBI
UNE possible, % 54 60 68
Missed pathological parathyroid glands % |3 1 3

tion for the superior US result in
this study is probably also owed to
experience."”

On the other hand, the sensi-
tivity for both US and MIBI was
rather low in our study (53% and
61%, respectively). These low
sensitivities were caused by the
high proportion of false negative
images (45% for US and 38% for
MIBI). Despite the negative imag-
ing, only one adenoma was found
in most of these patients during
the operation. A comparison with
other studies shows that there
was a wide variation in the pro-
portion of false negative cases,
ranging from 4% to 39% for MIBI
imaging and from 21% to 45%
for US."* Consequently, the pro-
portion of false negative results in
our study was rather high.

In most other studies, imaging
was performed or interpreted in
only one centre or by a limited
number of physicians. Certain
studies showed that the sensitivity
of US in detecting parathyroid
adenomas was clearly better when
performed by an experienced radi-
ologist, compared with other staff
members." Experience also seems
to play an important role in
nuclear imaging of enlarged
parathyroid glands."”

In our study, patients were
referred to our department from
different hospitals, where different
examination protocols were used
by radiologists and nuclear
medicine specialists with different

levels of experience. This may
explain the variability and possi-
bly a lower performance as well.
Moreover, certain patients were
referred to our centre because of a
negative imaging result. Not all
our patients underwent both imag-
ing techniques. In many cases,
MIBI imaging was requested
because of a negative neck US. It
is not inconceivable that the
chance of a negative MIBI is high-
er when the US is unable to local-
ize any enlarged parathyroid
gland. The low sensitivity makes a
minimally invasive approach
impossible in a substantial num-
ber of patients.

MIBI was not only better at
predicting the correct side, but
also superior in localizing the ade-
noma to the correct quadrant.
Both ultrasound and sestamibi
imaging performed less well in
determining the correct quadrant
in comparison with the correct
side.® In nearly all situations,
imaging suggested an inferior
position of the pathologic gland,
whereas the gland was found in a
superior position. Moreover, when
the exact localization was not
specified, the adenoma was also
located in the upper quadrant in
most cases. This misinterpretation
may be owed to the longer vascu-
lar pedicle and greater mobility of
the upper parathyroid gland. In
this way, enlarged and heavier
glands can prolapse to a lower
position in the tracheoesophageal
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groove.” It is important to take
this into account when searching
the normal parathyroid gland if a
so-called inferior adenoma is
resected.

We examined the influence of
age and gender on the imaging
results in our study. We did not
find a difference according to
patient age. Gender had no influ-
ence on the results of MIBI imag-
ing in our study, but US appeared
to be significantly better in men.
In the literature, there is no con-
sensus on the possible influence of
age and gender.**

We also investigated whether
the performance of imaging
depends on the severity of the
disease. Some studies showed a
correlation between the pre-
operative calcium and PTH levels,
the size of the pathologic para-
thyroid glands, and imaging per-
formance.”'*"* In our study, the
severity of the disease had no
influence on the correctness of
imaging (PPV). On the other
hand, sensitivity of US improved
with higher pre-operative PTH
levels. The sensitivity was better
for both US and MIBI in patients
with higher pre-operative calcium
levels. There appeared to be a
trend towards better imaging sen-
sitivity in patients with higher pre-
operative PTH or calcium levels.

If a unilateral neck exploration
had been attempted, a pathologic
gland would have been missed in
2.8% of patients based on US, and
missed in 1.1% of patients based
on MIBI. Hence, the number of
potentially missed adenomas is
low. Intra-operative PTH assays
could further help reduce the
number of missed glands.®*

US and MIBI still are the main-
stays of pre-operative localization.
MRI and CT are less commonly
used for pre-operative localization,
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and are usually reserved for cases
of failed parathyroidectomy or
when the findings of US and MIBI
are discordant. MRI appears to be
especially useful in patients who
have already undergone surgery.”
An important advantage is the
additional anatomical information
given by these imaging tech-
niques. Image fusion, the combi-
nation of scintigraphy and CT
(SPECT/CT) seems to be superior
to scintigraphy and CT alone, but
more studies are necessary to
evaluate its future role.”

Conclusion

In our study, MIBI scintigraphy
was clearly superior to US in the
pre-operative imaging of primary
hyperparathyroidism. A concor-
dant positive result of MIBI and
US gave a correct left/right local-
ization in 99% of cases, which
makes a concordant positive result
exceedingly reliable in indicating
the side of the lesion. Upper ade-
nomas were as often wrongly
localized as lower ones by imag-
ing. Experience seems to plays a
critical role in both US and
scintigraphy. However, the high
proportion of false negative exam-
inations is a limiting factor for
minimally invasive surgical tech-
niques. The number of adenomas
missed if a unilateral exploration
had been performed is limited.
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