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Abstract

Background: Preoperative localization studies with Tc™""-sestamibi have become an integral step
in the preoperative assessment of patients with primary hyperparathyroidism (PHPT). This en-
ables scan-directed minimally invasive parathyroidectomy (MIP) to be the preferred treatment for
PHPT in many units. This study aimed to identify factors that lead to negative imaging studies in
patients with PHPT.

Methods: Over a 3-year period consecutive unselected patients with PHPT underwent Tc
sestamibi scanning and high-resolution ultrasound (US) scanning by the same radiologist. When
localization studies were concordant, patients underwent MIP. Those patients with negative
imaging studies underwent bilateral neck exploration. Histology slides were independently re-
viewed and the proportion of chief cells and oxyphil cells within each adenoma was estimated.
Results: One hundred and fifty-eight patients underwent localization studies (38 men and120
women, aged 61.8 + 15.2 years). Sestamibi scans were negative in 52 (32%) and positive in 106
(68%) patients. There was a higher incidence of hyperplasia in the group of patients with negative
sestamibi scans (4 out of 52 vs. 4 out of 103, P < 0.05, ; test). In patients with negative sestamibi
scans the majority of adenomas were formed predominantly from chief cells (26 out of 36) while
the majority of patients with adenomas composed predominantly of oxyphil cells had positive
scans (21 out of 23) (P < 0.05, 42 test). The weight of parathyroid adenomas was higher when
sestamibi scans were positive (median: 1,180 vs. 517 mg, P < 0.05, Student’s t-test).
Conclusion: Successful preoperative localization of parathyroid adenomas using Tc®*™-sestamibi
scanning is influenced by the cytological predominance of individual tumors. Negative scans might
therefore be unavoidable in a subgroup of patients.
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which is equivalent to a 3 in 1,000 prevalence in the
general population.”? The vast majority of these patients
(i.e., up to 85%) present with a single enlarged overactive
parathyroid adenoma. Ever since the first successful
parathyroidectomy performed by Mandl in 1925, bilateral
cervical exploration has been considered the gold stan-
dard operation for PHPT. Until recently, most surgeons
have subscribed to the aphorism attributed to the late Dr.
Doppman that “the only localization study you need is to
locate a good endocrine surgeon”.® Recently, Tc%*™-se-
stamibi scanning has been used to improve the ability to
locate parathyroid adenomas and this has led to the
introduction of a scan-directed minimally invasive para-
thyroidectomy (MIP) technique. A recent meta-analysis
involving 784 patients from 24 individual studies reported
an overall sensitivity and specificity of 91% and 99%
respectively for sestamibi localization of parathyroid
adenomas in patients with PHPT.*

Technetium-99m methoxyisobutylisonitrile (sestamibi)
was initially introduced for cardiac scintigraphy and was
accidentally found to be concentrated in parathyroid
adenomas.® Sestamibi is a monovalent lipophilic cation
that diffuses passively through cell membranes and
accumulates almost exclusively in mitochondria following
negative membrane potentials.® The exact mechanism of
its elective uptake in abnormal parathyroid glands re-
mains debatable. High mitochondrial activity is consid-
ered to be the major component of sestamibi uptake by
human parathyroid tissue in patients with PHPT.”® The
lack of expression of P-glycoprotein (P-gp) and multidrug
resistance-related protein (MRP) favors the specific up-
take of sestamibi into the parathyroid glands, sestamibi
imaging being negative in adenomas that express at least
one of these proteins.®'°

Multiple series have reported that sestamibi scanning
has a very high specificity, with very rare false-positive
results. Nevertheless, sestamibi accumulates in a num-
ber of nonparathyroid tissues. Because PHPT and neo-
plasia coexist in some patients it is important to note that
sestamibi uptake can occur in several primary carcino-
mas, such as breast,'! lung,'® head, and neck carcino-
mas, and their lymph node and osseous metastases.'®
Within the neck, uptake and prolonged retention of Tc%9™-
sestamibi have been described in differentiated thyroid
malignancies,'® primary thyroid lymphomas,'® reactive
lymph nodes,'® remnant thymus,'” and enlarged sub-
mandibular salivary gland.'® Furthermore, in a patient
with multiple endocrine neoplasia type |, sestamibi
scanning identified a thymic carcinoid and a pituitary
adenoma in addition to the enlarged parathyroid glands.'®
For clinical decisions, false-positive scans can lead to
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unsuccessful unilateral exploration. Additionally, false-
negative scans can occur with cervical adenomas and
ectopic lesions and it has been estimated that at least 1 in
8 solitary parathyroid adenomas is not detected with se-
stamibi scanning.2°

Technical improvements for sestamibi scanning have
evolved in recent years. It has been shown that dual-
tracer subtraction is superior to the earlier technique of
double-phase washout.?' More recently, single photon
emission computed tomography (SPECT) was found to
further increase the sensitivity of sestamibi imaging from
87% (as in planar scintigraphy) up to 95%22. Some au-
thors have reported that thyroid suppression with thy-
roxine (T4) or liothyronine (T3) may improve the yield of
sestamibi imaging in patients who have an initially non-
localizing study.??

Combining sestamibi scintigraphy and high-resolution
ultrasonography may increase sensitivity to 95%, the size
of the adenoma influencing the efficacy of the sestamibi
scans, whereas the size and position of the adenoma will
influence detection with US (Fig. 1).2* A small series of 21
patients has previously been reported using a dual
imaging technique.®® In our center this technique has
been extensively applied in recent years because of the
ability to repeat the ultrasound scan on the morning of the
operation, enabling preoperative marking and facilitating
precise position of the neck incision for MIP.

The aim of this study was to analyze the diagnostic
accuracy of dual imaging in some 150 consecutive pa-
tients with PHPT investigated in our unit in the first
3 years after introduction of the technique, with a partic-
ular interest in the factors associated with negative
imaging studies.

PATIENTS AND METHODS

Patients

From April 2001, all patients with a biochemical
diagnosis of PHPT underwent preoperative localization
with Tc%*™-sestamibi scans and ultrasonography (US) of
the neck. When the two localization studies were con-
cordant, patients were listed for minimally invasive
parathyroidectomy (MIP). Patients with negative imaging
studies underwent bilateral cervical exploration.
According to our established protocol for parathyroid
surgery, an intravenous infusion of 5 mg/kg methylene
blue in 500 ml of 5% dextrose was commenced 1 hour
prior to surgery to aid intraoperative localization of the
parathyroid glands.
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Figure 1. Imaging by sestamibi scanning and neck ultrasound in patients with primary hyperparathyroidism. A. Patient 1:
ultrasound image demonstrating a left parathyroid adenoma, lying deep to the thyroid (black arrow) and confirmed on B. coronal
and C. axial sestamibi scans. D. Patient 2: sagittal image from sestamibi scan demonstrating posterior mediastinal parathyroid
adenomablack arrow), which was not seen on ultrasound scan (false-negative result), but was confirmed on E. coronal T1-weighted
MRI scan to be a para-esophageal parathyroid adenoma (black arrow).

All patients were seen in the outpatients department
46 weeks after surgery and assessed for symptoms
and complications along with a review of the histologi-
cal findings. A further follow-up appointment was or-
ganized after 1-3 years.

Imaging techniques

Sestamibi scans were performed using the single agent
wash-out technique. Patients were administered with
600 MBq of Tc99m-sestamibi. Single frontal planar ima-
ges were obtained at 10 and 90 minutes after isotope
administration. Tc®™-sestamibi scintigraphy (SPET)
images were obtained after 90 minutes. Patients were
scanned using a Sopha DST-XL gamma camera (Gen-
eral Electric) with a low-energy, high-resolution parallel
collimator and images were obtained with a 256 x 256
matrix.

Ultrasound scans were performed by a single experi-
enced operator using a small footprint high-resolution
15-MHz linear array probe (Sequoia; Acuson, Mountain
View, CA, USA).

Histology Data

All specimens were measured and weighed using
laboratory scales. Slides were reviewed by two consultant
histopathologists with a special interest in endocrine
pathology. In particular, the proportion of chief cells and
oxyphil cells within each adenoma was estimated by
reviewing at least ten fields on medium-power optical
microscopy.

Statistical Analysis

Data are presented as mean + standard deviation
(range). Unpaired Student’s t-test and y? test were used.

RESULTS

Between June 2001 and December 2004, a total of 158
patients with a biochemical diagnosis of PHPT underwent
dual imaging with sestamibi scanning and high resolution
ultrasound scanning. Unilateral uptake suggestive of a
parathyroid adenoma was demonstrated in 103 patients.
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Table 1.
Demographic characteristics of patients with primary hyperparathyroidism
Sestamibi positive—unilateral uptake Sestamibi negative P
Total number 103 52
Sex distribution (women:men) 78:25 37:15
Age (years) 61.5 = 15.3 (range 17-88) 62.6 = 13.5 (range 32-90)
Preoperative maximum Ca 3.01 £ 0.31 (range 2.68-5.00) 2.90 + 0.22 (2.60 —3.52) *

Preoperative PTH

27.7 +25.9 (2.7-137)

*

19.2 + 23.7 (5.4 — 120)

PTH: parathyroid hormone.
*P< 0.03 (Student’s t-test, unpaired).

Table 2.
Histological characteristics of parathyroid adenomas in patients who underwent sestamibi scanning
Sestamibi positive—unilateral uptake (n=103) Sestamibi negative (n=52) P
Adenomas 97 45 *
Hyperplasia 4 4
Carcinoma 1 0
Negative exploration 1 3
Adenomas (number) 97 45
Weight (mg) 1,180 + 880 (45—4,900)% 517 £ 462 (75-2,300) >
Volume (mm?) 960 + 860 (10-3,910) 323 + 350 (20-1,570) >
Histology
Chief cells > 2/3 42 26 *
Mixed 23 8
Oxyphil cells > 2/3 21 2

* P <0.01, 4 test.
** P < 0.01 (Student’s t-test, unpaired).
3Excluding two “giant” adenomas of 14 and 34 g.

In 3 patients sestamibi scans showed bilateral uptake and
during parathyroidectomy double adenomas were found
in 2 patients, while the third patient had an adenoma and
a normal gland. Sestamibi scans were negative in 52
patients. There was no difference between the demo-
graphic characteristics of patients with positive or nega-
tive sestamibi scans (Table 1). There was a trend toward
more severe hypercalcemia and higher parathyroid hor-
mone (PTH) levels in patients with positive sestamibi
scans (Table 1).

During neck exploration, a single parathyroid adenoma
was found in 97 out of 103 patients with positive se-
stamibi scans and in 45 out of 52 patients with negative
scans (Table 2). There was a higher incidence of hyper-
plasia (4 out of 52 vs. 4 out of 103, P < 0.05, 4° test) and
more negative neck explorations (3 out of 52 vs. 1 out of
103) in the group of patients with negative sestamibi
scans.

The weight and volume of adenomas in patients
with positive sestamibi scans were significantly larger
(Table 2). However, 3 out of 6 microadenomas (i.e.
adenomas < 100 mg) were identified by sestamibi scans
and some large adenomas were missed, suggesting that

the weight and volume of the adenomas are not the only
predictors of positive imaging results.

Histological analysis of 122 parathyroid adenomas re-
vealed a significant difference in the cellular predomi-
nance in each group (Fig.2; Table 2). A positive
sestamibi scan was obtained in the vast majority of pa-
tients with adenomas formed predominantly by oxyphil
cells (21 out of 23, 91%) and the majority of patients with
adenomas formed by a mixed cell population (23 out of
31, 74%). When adenomas were formed predominantly
of chief cells, sestamibi scans were negative in 26 out of
68 patients (38%).

Of the 103 patients with positive sestamibi scans, 92
patients had a positive ultrasound scan and such patients
were offered minimally invasive parathyroidectomy
(Table 3). Seven of the 11 patients with negative US had
adenomas in a retrosternal position, presumed to be
superior parathyroid adenomas that had migrated in
front of the prevertebral plane toward the posterior medi-
astinum. These were large adenomas (mean weight:
1,085 mg, range 290-2,800 mg) and therefore it was the
anatomical position rather than the size of these adenomas
that limited the ability of US to locate them accurately.
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Figure 2. Histological evaluation of the
predominant cell type in parathyroid
adenomas (hematoxylin and eosin

. staining, x 200). A. Adenoma with a
predominance of oxyphil cells. B.
Adenoma with a predominance of chief
cells.

Table 3.
Results of dual imaging in 155 patients with primary hyperparathyroidism
Sestamibi positive—unilateral uptake Sestamibi negative Total
Ultrasound positive 92 12 104
Ultrasound negative 11 40 51
Total 103 52 155

Interestingly, in the group of patients with negative se-
stamibi scans the position of the parathyroid adenoma was
correctly identified by US in 10 patients with adenomas
measuring between 75 and 700 mg (mean: 400 mg).

DISCUSSION

This paper reports on the efficacy of preoperative local-
ization studies in 158 unselected consecutive patients with
primary hyperparathyroidism (PHPT). Similar to other
series previously published, it was found that SPET and
high-resolution ultrasound scanning of the neck can
accurately identify the position of a single parathyroid
adenoma in approximately two-thirds of unselected pa-
tients (92 out of 158, 59%). Such patients can then undergo
scan-directed minimally invasive parathyroidectomy.
Using a similar preoperative imaging protocol others re-
ported an overall sensitivity of 78%, which allowed a uni-
lateral approach in 43% of the patients.?®

Analysis of the factors associated with unsuccessful
localization studies, confirms the trend to be able to de-
tect larger glands and that the sensitivity of parathyroid

scanning grossly correlates with weight. Based on such
data, some authors suggest that there is little benefit in
preoperative imaging, as small tumors will not be de-
tected preoperatively and large tumors are easy to find at
surgery. Nevertheless, more recent reports describe po-
sitive sestamibi scans for adenomas weighing less than
200 mg and this is confirmed in our series of adenomas
of less than 200 mg (range: 55—-200 mg) detected in 5
patients.

Perhaps more importantly we have confirmed that an
abundance of oxyphil cells increases the likelihood of a
positive Tc®M-sestamibi scan. Histologically, one can
identify several types of cells within parathyroid adeno-
mas.?” Chief cells are the predominant and normally the
active endocrine cells, with slightly eosinophilic cytoplasm
containing few mitochondria. The oxyphil cells have an
intensely eosinophilic cytoplasm rich with numerous and
tightly packed mitochondria. Clear cells with foamy, wa-
ter-clear cell cytoplasm are fundamentally inactive cells
with an unknown function. These cell types are consid-
ered to represent different stages in the life cycle of
parathyroid cells and may therefore change over time. A
variable mixture of these cells is seen in most parathyroid
adenomas. In this study, two independent observers
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estimated the predominant type of cell in 122 adenomas.
We found that positive sestamibi scans were more likely
when adenomas had an abundance of oxyphil cells rather
than in adenomas with a predominance of chief cells (i.e.,
a scarcity of oxyphil cells; 44 out of 54 vs. 42 out of 68,
P = 0.002 ;>-test; Table 2).

Soon after the introduction of sestamibi scanning, some
authors reported that positive scans are more likely if
there is an abundance of oxyphil cells within the para-
thyroid adenomas®® and that sestamibi imaging was al-
ways negative if no oxyphil cells were present within a
parathyroid adenoma,?® but these findings were not uni-
versally accepted.3°~32 This question was readdressed in
two recent large studies. In a group of 103 consecutive
patients, it was found that positive scans were more likely
to be associated with a higher percentage of oxyphil
cells.®® Others randomly selected 40 adenomas from 98
patients with PHPT and found that parathyroid adenomas
with greater than 25% oxyphil content were more likely to
have a positive sestamibi scan result.3* In this context,
our study is the largest series showing that individual
histological characteristics of parathyroid adenomas can
influence the likelihood of positive preoperative localiza-
tion studies.

Failure of detection by sestamibi may not be critical as
12 patients with a negative sestamibi scan had their
adenoma identified by US, suggesting that a skilled ultr-
asonographer can successfully locate small parathyroid
adenomas even in the absence of guidance from a se-
stamibi scan. Despite such encouraging experience, it
remains our practice to offer minimally invasive parathy-
roidectomy only to patients with concordant imaging
studies.

The majority of patients with a positive sestamibi scan
but a negative ultrasound scan had adenomas located in
the posterior mediastinum. These patients underwent
bilateral neck exploration and in 7 out of 10 patients the
adenomas were found in the caudal cervical compart-
ment or the posterior mediastinum. Based on the origin of
their vascular pedicle, it was considered that such ade-
nomas were derived from the superior parathyroid glands
and had moved along the paravertebral plane.

Minimally invasive parathyroidectomy was only per-
formed when both preoperative localization tests were
concordant. Additionally, we used intraoperative methy-
lene blue to facilitate rapid identification of the parathy-
roid adenomas at surgery. Although no formal record
was made of the intensity of blue staining of individual
adenomas, we found this adjunct to be helpful in the
vast majority of cases by confirming that the “structure”
dissected at the site marked by preoperative ultrasound
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does indeed correspond to a parathyroid adenoma. A
similar protocol has been reported to be helpful during
radio-guided MIP.*®> Having used three methods to
identify a parathyroid adenoma, we considered that in-
traoperative PTH monitoring is not needed to confirm
the excision of overactive parathyroid tissue. Using this
protocol we have achieved satisfactory success rates
and a long-term cure for patients with PHPT offered MIP
without intraoperative PTH monitoring (personal data,
manuscript in preparation). Similar results were reported
in a study from France, in which MIP performed without
intraoperative confirmation studies in 45 patients had a
success rate of 91.7%.%¢ Furthermore, a very recent
series from the Mayo Clinic reported that patients with
PHPT and an unequivocally positive preoperative se-
stamibi scan can safely and successfully be managed
with focused unilateral cervical exploration without either
intraoperative PTH monitoring or the use of the gamma
probe.®’

In conclusion, our study reports that successful pre-
operative localization of parathyroid adenomas using
SPET is influenced by the cytological predominance of
individual tumors. Although SPET is influenced by the
weight and volume of the adenoma, it may still be suc-
cessful in identifying microadenomas.

The clinical implications for the management of patients
with PHPT is that the likelihood of being offered scan-
directed unilateral neck exploration (minimally invasive
parathyroidectomy) depends on whether or not the pa-
tient harbors a parathyroid adenoma with an abundance
of oxyphil cells. A false-negative sestamibi scan remains
either unavoidable or highly likely in the subgroup of pa-
tients with an adenoma formed predominantly of chief
cells.
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