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Abstract

BACKGROUND: Preoperative detection of parathyroid adenoma is a diagnostic challenge. The sonography and
computerized tomography (CT) scan demonstrate high sensitivity but low specificity. The advent of radionuclide
scanning technique has enhanced the specificity in this context. AIM: We undertook a study to assess the role of
radionuclide scanning in suspected cases of parathyroid adenomas. MATERIALS AND METHODS: Totally 28 cases
were incorporated in the study. The suspicion was raised either due to raised PTH levels or recurrent calcinosis.
Most of these patients had estimation of calcium done as a routine or specific investigation. The parathyroid scan
was performed using either of the two techniques - Dual isotope subtraction or Sestamibi washout technique. We
also used the recent approach of fusion imaging (CT + tomographic nuclear images) in selected cases.
RESULTS: There were 16 true positive, 10 true negative, 1 false negative and 1 equivocal scan findings. The
findings were compared with sonography, CT Scan and PTH values. The true positive yield in our study was 57%,
true negative 35% and the overall sensitivity and specificity was found to be 94% and 100% respectively.
CONCLUSION: We conclude that parathyroid scintigraphy is a reliable and sensitive technique in the preoperative
detection of parathyroid adenomas and should be the first choice of imaging modality in suspicion of parathyroid
adenoma.
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Introduction without any symptoms, the diagnosis being suspected

because of the finding of hypercalcemia. The symptoms

Parathyroid adenoma is one of the major causes of
primary hyperparathyroidism, others being parathyroid
hyperplasia and rarely carcinoma (ranging in incidence
from 0.3% to 4.6%). About 10-20% of all the patients
with primary hyperpara-thyroidism present with
multiple gland disease, that is, presence of more than
one pathological parathyroid gland.!*?!

Opver the last decades, the clinical manifestations have
changed from the more obvious classical triad described
by Castleman as “renal stones, painful bones and
abdominal groans” to patients with vague
neuromuscular and behavioural symptoms or even
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are the direct effect of excess PTH secretion and the
induced hypercalcemia. Hyperparathyroidism is caused
by a solitary adenoma in 80% to 85% of the cases,
involving one or part of one parathyroid gland. They
are often ellipsoidal, spherical or oval, with their weight
varying most frequently within 300 to 1000 mg and
with the predominance of ‘chief cells’. The remaining
15% to 20% of the cause of hyperparathyroidism is
made up by predominantly chief cell hyperplasia. The
glands are affected asymmetrically and enlarged glands
coexist with small or normal appearing glands.
Microscopic hyperplasia, often focal, affects all glands
irrespective of size.
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Surgery remains the mainstay of corrective treatment for
parathyroid adenomas.!™3! Apart from being able to
differentiate between primary and secondary
hyperparathyroidism, the preoperative detection of
parathyroid adenomas still remains a diagnostic
challenge in spite of the various imaging modalities
available to us today. The intraoperative differentiation
between an adenoma, hyperplasia and a single adenoma
from multiple gland disease is complicated by the
asymmetrical location of the parathyroid glands, some
of which may be diseased when not enlarged (Kaplan ez
al, 1992).

Currently, sonography and computerized tomography
(CT) scan are used preoperatively for their detection.

Both these modalities lack specificity!*l and hence,
intraoperative dye injection technique continued to be
used as a reliable method. However, the advent of
isotope technique has made the preoperative detection
of parathyroid adenomas not only easy but also specific.

Aim

We undertook a study to assess the role of radionuclide
scintigraphy in the preoperative detection of parathyroid
adenomas.

Materials and Methods

A total of 28 patients within the period from February
2004 - March 2005 were included in this retrospective
study. Only those patients were included in whom
suspicion was raised either on symptomatology,
biochemical investigations or other imaging modalities
like sonography or CT scan. Isotope imaging was
performed to either confirm or rule out the same.
Among the host of presenting symptoms varying from
non-specific symptoms like generalized weakness to
specific symptoms like renal stones or backache - it was
interesting to note that nephrocalcinosis formed the
major group of clinical presentation [Table 1]. Most of
these patients had an estimation of calcium either as a
part of routine study or specifically in patients with
nephrocalcinosis.

In our study, 53.57% patients had high calcium levels.
In view of the raised calcium levels, the PTH was
estimated followed by either sonography or CT scan.

In the early 1990, the first technique used for imaging
was referred to as the DUAL ISOTOPE subtraction
technique. The second technique came into vogue in
1995, which was referred to as the WASHOUT
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Table 1: Clinical presentation and investigations:
Total number of patients: n = 28

Clinical presentation Number Percentage
of cases

Recurrent nephrocalcinosis 9 of 28 32.14
Generalized body ache, pain 8 of 28 28.57
in lower limbs

Generalized weakness 3 of 28 10.71
Backache 3 of 28 10.71
Weight loss 2 of 28 7.14
Pathological fracture 2 of 28 7.4
Vomiting 2 of 28 7.14

Investigations Number of cases

Raised serum calcium
levels (>10.2 mg%)

15 of 28 (53.57%)

Raised PTH levels 84.7
pg/ml - 1366 pg/ml(Mean:
446.15 pg/ml)

22 of 28 (78.57%)

Sonography of the neck 5 of 28 (17.85%)

CT scan of the neck and
chest 5 of 28 (17.85%)

technique. We used both these techniques of scanning,
each based on different concepts of imaging.!**5]

Imaging protocols

The patient is in the supine position, with the neck
slightly extended beneath the detector and the head is
immobilized. This positioning ensures that the thyroid
gland will be in the upper part of the field, thus
allowing the upper 6 to 8 cm of the mediastinum to be
visualized.

Dual isotope subtraction technique

Technetium (***Tc) and Thallium (?°'Tl) are the two
isotopes which are injected sequentially. *Tc delineates
only the thyroid gland, whereas *°'Tl demonstrates both
thyroid and the parathyroids. *™Tc thyroid image is
then subtracted from the **'TIl image, leaving behind
201T] avid regions that indicate parathyroid adenoma or

hyperplasia.

Figure 1 for dual isotope subtraction technique.
Washout technique

This is based on the ability of the parathyroid adenoma

to retain a tracer - Sestamibi or Myoview - both of
which are commonly used for myocardial scanning. The
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early images show tracer uptake both in the parathyroid
and the thyroid glands, whereas the delayed images
(one hour and later) show tracer uptake only in the
parathyroid.

Figure 2 for washout technique showing normal scan
that is negative for parathyroid adenoma.

Figure 3 for washout technique showing abnormal scan
that is positive for parathyroid adenoma on the left side
involving the superior group.

Figure 4 showing abnormal scan that is positive for
mediastinal parathyroid adenoma.

Fusion imaging (CT+tomographic nuclear imaging)

The lesions seen in nuclear imaging are not associated
with any anatomical details thereby making it
mandatory for additional imaging for anatomical
localization pre-operatively. The recent innovation of
fusing the anatomical CT images with nuclear imaging
has overcome this technical deficiency and “the fusion
imaging” has simplified pre-surgical imaging approach
in many clinical areas including parathyroid adenoma.
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Figure 1: Dual isotope subtraction technique
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Figure 2: Washout technique showing normal scan that is negative
for parathyroid adenoma
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Figure 5 showing fusion image that is positive for
parathyroid adenoma on the left side.

Results

The outcome of our study showed 57% true positives
and 35% true negatives. These results were based on
confirmation by the histopathology reports. Follow-up

Figure 3: Washout technique showing abnormal scan that is
positive for parathyroid adenoma on the left side involving the
superior group.
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Figure 4: Showing abnormal scan that is positive for mediastinal
parathyroid adenoma.
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Figure 5: Showing fusion image that is positive for parathyroid
adenoma on the left side.
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included browsing patients files within hospital record
section and information from surgeons and patients
themselves. There was one scan which was not
conclusive, hence was grouped as an equivocal study.
Our study showed an overall sensitivity of 94% and a
specificity of 100% in the pre-operative detection of
parathyroid adenomas.

The paper included 28 cases of suspected parathyroid
adenoma studied with radionuclide scintigraphy.
However, 28 cases studied with three different nuclear
medicine techniques represent a group too small to
conclude that “radionuclide scintigraphy should be the
first choice of imaging modality in parathyroid
adenoma”. Though two techniques using two different
isotopes have been included in this study, the use of
SPECT and Fusion imaging are actually not additional
methods, instead extension of the imaging procedures in
both techniques. In this scenario, with the addition of
fusion imaging, even with a study of 28 cases,
radionuclide imaging would be the initial imaging
modality of choice.

Discussion

The goal of treatment of hyperparathyroidism (most
common cause being parathyroid adenoma) is to restore
the patient to a normocalcemic euparathyroid state, to
relieve symptoms and to prevent or possibly reverse
complications of the disease. Resection of this
parathyroid adenoma is the most effective treatment.

Accurate preoperative detection and localization of
parathyroid adenomas is of utmost importance in
patient care, not only in improving the outcome but
also in shortening the duration of operation and thereby
lowering the morbidity as well. The extent of the
surgery is governed by the diagnosis of single versus
multiple gland disease. Variation in parathyroid
adenoma location (ectopic) may necessitate a different
surgical approach or a more extensive exploration and is
also one of the reasons for failure of the initial
operation due to an unidentified ectopic location of the
parathyroid adenoma. Successful minimally invasive
parathyroidectomy!® is preferred treatment for primary
hyperparathyroidism and is largely dependant on precise
preoperative localization of the abnormal gland(s).
Another situation where preoperative localization
becomes crucial is reoperation for persistent or recurrent
hyperparathyroidism which carries a higher risk of
permanent hypocalcemia and recurrent laryngeal nerve
injury than does primary exploration.”!

The various noninvasive imaging modalities other than
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radionuclide scintigraphy available for the preoperative
detection and localization of parathyroid adenoma are
ultrasonography, computed tomography and magnetic
resonance imaging. 38l

With high resolution real time ultrasonography, 50% of
the parathyroid adenomas can be accurately localized.®’!
As it is cheap and rapid, it is usually recommended as
the initial investigation. However, cervical adenomas
that cannot be located by ultrasonography tend to
weigh less than 200 mg and lie more medially behind
the trachea or inferiorly behind the clavicular heads.
Solitary low echogenic follicular thyroid adenoma or
rare thyroid cyst can present a diagnostic problem in
hyperparathyroidism. The overall success rate achieved
by CT in a previously unexplored patient is 75%. The
use of thin section, dynamic contrast enhanced scans
maximizes the chances of locating a parathyroid
adenoma which shows as an enhancing nodule. CT is
usually successtul in the low cervical adenomas, but
only 50% of the mediastinal adenomas can be
detected.!®1 The sensitivity of MRI is greatest in the
mediastinum, where ectopic abnormal glands are found
(Sensitivity ranging from 50%-88%) compared to 70%
sensitivity in the neck.®°! MRI can locate parathyroid
tumors larger than 1 ¢m but can not distinguish small
hyperplastic glands and though it performs better than
CT but cannot precisely distinguish thyroid from
adjacent parathyroid tumors.

Radionuclide scintigraphy demonstrates high sensitivity
and specificity for parathyroid adenomas!13!in the
normal and ectopic locations, as well as in previously
explored patients.'?l Our study demonstrated a
sensitivity of 94% and a specificity of 100% in the pre-
operative detection of parathyroid adenomas. Other
studies in literature also demonstrate a sensitivity and
specificity ranging between 60%-100%.[3%1#161 This
technology can be further extended for localization
during operative procedures using the probe technology.
Localization by radionuclide imaging prior to surgery,
tollowed by using the probe per operatively, leads to
more accurate surgical results.

From the common presentation of nephrolithiasis to the
relatively lower prevalence of asymptomatic
hyperparathyroidism, surgical treatment of the
parathyroid adenoma is associated with low renal failure
rate, low mortality and low morbidity (Russel et al).
Hence, the current algorithm of imaging parathyroid
adenoma would be: Sestamibi scan as the first
procedure. If positive, surgical exploration. If equivocal,
correlative MRI or CT is performed prior to surgery. If
Sestamibi scan is negative, the diagnosis of parathyroid
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adenoma is not entertained.
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