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Our rationale was to evaluate the accuracy of 1-stop (single
patient-attendance) SPECT/CT-guided ultrasound in the localiza-
tion of parathyroid adenomata. Secondary aims included analyz-
ing the effect of multiple parathyroid adenomata and concurrent
thyroid disease on sensitivity. Methods: Patients with hyperpara-
thyroidism who had undergone parathyroidectomy were identi-
fied over a 5-y period. Pathologic correlation with results from
preoperative 99mTc-sestamibi SPECT/CT followed by targeted
ultrasound of the neck was performed. The number of glands,
the location, and the presence of concurrent thyroid disease were
reviewed. Results: The study included 146 patients (88% single
gland, 7% multigland, and 5% negative explorations). The sensi-
tivity and specificity of SPECT/CT-guided ultrasound were 83%
and 96%, respectively. The sensitivity was higher for single gland
(87%) than multigland disease (70%). The addition of ultrasound
significantly increased the sensitivity of the technique (P, 0.001).
The presence of concurrent thyroid disease (nodules/thyroiditis)
did not adversely affect sensitivity (85% confidence interval, 74.2%–

93.1%) compared with normal or atrophic glands (82% confidence
interval, 72.3%–89.7%). Conclusion: SPECT/CT-guided ultrasound
represents a useful means of localizing parathyroid adenomata,
thereby aiding the decision to undertake minimally invasive or
exploratory surgery. The 1-stop approach offers patient conve-
nience and enables the radiologist to use the additive benefits of
both modalities to optimize localization. The technique is less
sensitive in multigland disease, but concurrent thyroid disease
does not adversely affect sensitivity.
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Primary hyperparathyroidism is a frequently encoun-
tered, endocrinologic disorder characterized by excessive
secretion of parathyroid hormone and consequent hypercal-
cemia. The condition results in a protean, but well-estab-
lished, constellation of clinical features, ranging from renal

tract calcification and pancreatitis to neuropsychiatric disor-
ders and cardiac arrhythmias. It is most commonly caused by
parathyroid adenomata or hyperplastic glands, which may be
single (80%–85%) or multiple (10%–15%) (1). More infre-
quently, it may occur in the setting of familial syndromes,
such as multiple endocrine neoplasia or parathyroid carci-
noma. Curative management and restoration of normal cal-
cium homeostasis may be achieved by parathyroidectomy,
which involves resection of the affected gland or glands.
Historically, the procedure of choice was an open, 4-gland
exploration. However, the advent of preoperative localization
studies has enabled selective, minimally invasive parathy-
roidectomy. This technique significantly reduces operative
risk and is associated with an improved aesthetic result
and reduced recovery time (2,3). Therefore, it has become
increasingly important for medical imagers to provide accu-
rate preoperative localization information, which can be used
to determine surgical technique.

Variation in parathyroid gland anatomy presents a sig-
nificant challenge to imaging-based localization; therefore,
an appreciation of the relevant embryology is of paramount
importance. The superior parathyroid glands, derived from
the fourth branchial pouch, have a fairly constant position,
typically lying on the posterior surface of the upper thyroid
gland and dorsal to the recurrent laryngeal nerve (4), but the
positions of the inferior parathyroid glands, derived from
the third branchial pouch, are more likely to be variable,
occurring along the path of descent of the parathymic complex.

Supernumerary glands occur in approximately 5% of
cases and are typically located in the region of the thymus
and thyrothymic ligament (5).

The first role of imaging in primary hyperparathyroidism
involves identification of cases of multigland disease, which
would obviate a minimally invasive approach and require
exploration. Such cases may have existing risk factors, such
as multiple endocrine neoplasia or a familial predisposition.
The second role of imaging involves anatomic localization,
which requires an appreciation of the relevant anatomy and
embryology. The third role involves identification of occult
thyroid disease, which may alter surgical management (e.g.,
requiring a concurrent thyroidectomy).

The primary aim was to determine the sensitivity and
specificity of a 1-stop approach to parathyroid localization

Received Feb. 15, 2018; revision accepted Aug. 14, 2018.
For correspondence or reprints contact: Arum Parthipun, Department of

Nuclear Medicine, Royal Free London NHS Foundation Trust, London, NW3
2QG, U.K.
E-mail: arum.parthipun@nhs.net
Published online Aug. 23, 2018.
COPYRIGHT© 2019 by the Society of Nuclear Medicine and Molecular Imaging.

64 JOURNAL OF NUCLEAR MEDICINE TECHNOLOGY • Vol. 47 • No. 1 • March 2019

mailto:arum.parthipun@nhs.net


using SPECT/CT-guided ultrasound within our institution.
Secondary aims included determining whether the tech-
niques were additive and whether sensitivity and specificity
were adversely affected by the presence of multiple glands
or concurrent thyroid disease.

MATERIALS AND METHODS

Patient Selection
The records of patients who had undergone parathyroidec-

tomy for primary hyperparathyroidism between October 2009
and March 2015 were reviewed. This 5.4-y period corre-
sponded with SPECT/CT-guided ultrasound as the standard
parathyroid localization technique at our institution. Local
pathology databases were utilized to identify the details of
patients who had undergone parathyroidectomy for primary
hyperparathyroidism. The picture archiving and communication
system and radiology information system databases were used
to retrieve imaging reports. Pre- and postoperative calcium and
parathyroid hormone levels were also reviewed to confirm oper-
ative success.

Imaging Technique
One-stop (single-attendance) preoperative SPECT/CT-guided

ultrasound was the standard protocol during the evaluation period.
This involved a single operator using the SPECT/CT findings to
guide ultrasound scanning and ultimately reviewing both exam-
inations together to reach a diagnosis.

The parathyroid scintigraphy was performed after an intrave-
nous injection of 750 MBq of 99mTc-sestamibi. Imaging was
performed using a TruePoint Symbia T6 SPECT/CT scanner
(Siemens Healthcare GmbH). Planar imaging of the neck and
upper mediastinum was performed at 15 and 150 min after tracer
injection. Planar images were acquired with a low-energy high-
resolution collimator, a 256 · 256 matrix, and a 2.29 zoom factor
over 10 min. A SPECT/CT acquisition was performed during the
delayed phase using 110 kV, 190 mAs, and 3-mm slice thickness.
Radionuclide scans were called positive if increased uptake seen
on early imaging showed retention on delayed scans relative to
the thyroid and localized to a nodule in a location typical for a
parathyroid adenoma on CT.

After review of the SPECT/CT images, a targeted ultrasound
scan was performed using a 14-MHz high-resolution linear probe
on a Logiq E9 ultrasound scanner (GE Healthcare). This involved
evaluating the location of abnormal uptake identified on SPECT/
CT on ultrasound to confirm the presence of a parathyroid
adenoma and to note its anatomic location; the neck was also
subsequently scanned for any additional abnormal glands not
visible on SPECT/CT. In the event that no abnormal glands were
localized on SPECT/CT, ultrasound was used to scan the neck for
adenomata in all possible locations accessible on ultrasound.
Typical ultrasound features of a parathyroid adenoma are of a
hypoechoic nodule, usually separate from the thyroid, in a typical
location. Additional sonographic features include hypervascularity
and a separate vascular pedicle.

The SPECT/CT findings were reviewed by a single experienced
consultant (attending) radiologist with specialist training in
radionuclide imaging, who performed the subsequent ultrasound
examinations on all patients.

Figure 1 shows an example of the multimodality approach to
parathyroid gland localization.

Statistical Analysis
Preoperative imaging results were considered to be true-

positives if they correctly identified the number of diseased glands
and localized them to the correct side (right, left, or bilateral). To
establish true positivity, radiologic reports were compared with the
subsequent surgical pathology results. Like Patel et al. (6) and

FIGURE 1. Multimodality approach to parathyroid localization.
Left superior parathyroid adenoma is diagnosed using
both 99mTc-sestamibi SPECT/CT and ultrasound. (A) Planar
radionuclide imaging performed after 99mTc-sestamibi injection
at 20 min and 2.5 h after injection. Planar image demonstrates
tracer retention after 2.5 h. (B) SPECT/CT confirming localization
of adenoma (arrow) posterior to left lobe of thyroid. (C)
Ultrasound showing tracer uptake corresponding to single
hypoechoic nodule (arrow) posterior to left thyroid lobe in
midgland region. Parathyroid adenomas have characteristic
feeding artery that can often be seen on Doppler examination
(not shown on this image).
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Witteveen et al. (7), we considered nonidentification of normal
glands on the unaffected side to represent a true-negative result.
False-positives were defined as abnormal glands suggested on
imaging in a location where none were found at surgery.

Secondarily, localization was also considered in terms of
quadrants, as defined by Hinson et al. (8), where the patient’s
midline served to divide the gland into left and right and a line
through the midthyroid served to divide superior from inferior.
True-positives were defined as abnormal glands localized to cor-
rect quadrants, and true-negatives as the nonidentification of nor-
mal glands in the remaining quadrants.

The sensitivity, specificity, negative predictive value, and positive
predictive value of the localization techniques were obtained using
MedCalc statistical software (version 16.2.1; MedCalc Software).
The sensitivities of SPECT/CT plus ultrasound and SPECT/CT
alone were compared using the McNemar test; a P value of 0.05 or
less was taken to indicate statistical significance.

The sensitivity and specificity of combined SPECT/CT and ul-
trasound in patients with a normal thyroid gland were compared
with those with Hashimoto thyroiditis, multinodular goitre, atrophic
thyroid gland, or benign nodules using a Fisher exact test; a P value
of 0.05 or less was taken to indicate statistical significance.

SAS Studio (version 3.4; SAS Institute Inc.) was used to
calculate the P value with a 95% confidence interval.

The institutional review board approved this retrospective study
and the requirement to obtain informed consent was waived in
accordance with National Health Service Health Research Au-
thority guidelines.

RESULTS

Demographics

Pathologic and radiologic data were available for a total
of 148 patients who had undergone parathyroidectomy for
primary hyperparathyroidism during the specified period.
SPECT/CT combined with ultrasound was performed in

146 cases and SPECT/CT alone in 2 cases; these 2 cases were
therefore excluded from further analysis. Of the remaining
146 patients, 115 were female and 31 male (ratio of 3.7:1).
The median age was 62 y (range, 23–88 y).

On the basis of the surgical and pathologic data, single
adenomata were most common, with multigland disease
being uncommon (Table 1). No abnormal glands were found
in 8 cases (5%).

Imaging Modalities

Overall, SPECT/CT-guided ultrasound (SPECT/CT followed
by ultrasound performed by the same radiologist) correctly
identified the number and laterality of abnormal glands in
123 cases, yielding an overall sensitivity of 83% (Table 2).
On analyzing the technique’s sensitivity for correctly localizing
abnormal glands to a particular quadrant, the sensitivity fell
slightly (77%) when compared with lateralization alone; how-
ever, specificity remained high at 97% (Table 2). Of note, in 11
cases, the quadrant could not be established from the patients’
postoperative electronic records, so that they could not be cor-
related with preoperative imaging. Therefore, these cases were
excluded, leaving a total of 135 cases to be analyzed.

Ultrasound scanning helped localize lesions not identified
by SPECT/CT in 13 cases (9%). These were subsequently
proven to be true-positives at surgery. Additionally, in 1 case,
ultrasound successfully resolved 2 adjacent adenomata
initially thought to represent a single lesion on SPECT/CT.
Therefore, the additional component of ultrasound improved
overall sensitivity (sensitivity of 83% for SPECT/CT plus
ultrasound vs. sensitivity of 75% for SPECT/CT alone; P ,
0.005 using McNemar test) (Table 2).

Ultrasound was unable to confirm the presence of a lesion in
18 cases (12%) that were positive on SPECT/CT. Again, these
were proven to be true-positives at surgery. In these cases, fail-
ure of localization was attributed to the deep or atypical loca-
tions of abnormal glands (Fig. 2) or to patient factors (such as
inability to extend the neck). Examples of discrepant cases on
SPECT/CT and ultrasound are shown in Figure 3.

Single- and Multigland Disease

The data revealed a reduced sensitivity for SPECT/CT-
guided ultrasound in determining the correct side and gland
number in the setting of multigland disease (70%; confidence

TABLE 1
Number of Diseased Glands by Frequency

Number of diseased glands Frequency

Single 128 (88%)
Multigland (≥2) 10 (7%)
Negative exploration 8 (5%)
Total 146

TABLE 2
Sensitivity, Specificity, Negative Predictive Value, and Positive Predictive Value According to Analysis and Modality

Analysis Sensitivity Specificity Negative predictive value Positive predictive value

Laterality and gland number (n 5 146)
SPECT/CT plus ultrasound 83 (75.5–88.3) 96 (91.1–98.4) 84 (77.5–89.3) 95 (90.2–98.3)
SPECT/CT* 75 (66.8–81.5) 96 (91.3–98.5) 79 (72.4–84.8) 95 (89.0–98.1)

Quadrant and gland number (n 5 135)
SPECT/CT plus ultrasound 77 (68.9–83.4) 97 (94.5–98.3) 92 (89.1–94.5) 89 (82.5–94.2)
SPECT/CT* 70 (61.5–77.1) 97 (94.8–98.4) 90 (86.7–92.7) 89 (81.9–94.3)

*Analyzed by disregarding ultrasound component of examination.
Data are percentage followed by 95% confidence interval in parentheses.
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interval, 34.8%–93.3%; n 5 10), when compared with sin-
gle-gland disease (87%,; confidence interval, 79.6%–92.1%;
n 5 128).

Coexisting Thyroid Disease

The thyroid was reported as unremarkable or atrophic in
86 cases (59%) and abnormal (nodular or ultrasonographic

evidence of thyroiditis) in 60 cases (41%). Among the
latter, 4 patients (7%) were recommended to undergo fine-
needle aspiration as a result of their ultrasound examinations.
The presence of concurrent thyroid disease did not adversely
affect the sensitivity and specificity of SPECT/CT-guided
ultrasound for lateralizing diseased glands (Table 3).

DISCUSSION

This study represents a large series reviewing the sensi-
tivity and specificity of SPECT/CT-guided ultrasound in the
preoperative localization of diseased parathyroid glands.
The rationale of the technique is to offer patients the con-
venience of a single hospital attendance; it also offers the
radiologist the opportunity to use SPECT/CT to guide the ul-
trasound examination. This opportunity enables as much ana-
tomic information as possible to be provided to the operating
surgeon, including the visibility of the adenoma for intra-
operative ultrasound. Subsequently, a minimally invasive pro-
cedure can be offered in cases of clear single-gland disease,
avoiding the risks associated with 4-gland exploration.

FIGURE 2. Adenomas not identified on ultrasound categorized
by anatomic location. MNG 5 multinodular goiter.

FIGURE 3. Series of images demonstrating discrepancies between modalities. (A) Avid tracer uptake is seen on SPECT/CT within
left superior parathyroid adenoma (arrow), which is located deep in tracheoesophageal groove. (B) This finding is not visible on
corresponding ultrasound because of acoustic shadowing from trachea but was subsequently located at surgery. (C) SPECT/CT
reveals no tracer retention in nodule posterior to left lobe of thyroid (arrow). (D) On ultrasound, this nodule (arrow) appears to be
characteristic of parathyroid adenoma, which has exhibited early washout with 99mTc-sestamibi. Diagnosis was confirmed at surgery.
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Our results yielded an overall sensitivity of 83% for all
abnormal glands and 87% for single adenomata; the spec-
ificity was 96%. These results are comparable with the
literature (9–11) but are slightly lower than found in some
studies, which quote sensitivities of up to 96% (6,12,13).
The reason for this difference is uncertain but could reflect
the limitations of retrospective data acquisition. Indeed, our
institution treats a large population of patients with tertiary
hyperparathyroidism (which is associated with a lower le-
sion detection rate than primary hyperparathyroidism), and
although every effort was made to exclude such cases, it is
possible that some were included because of errors in the
clinical documents used to identify patients. It is also pos-
sible that the single-phase SPECT/CT acquisition technique
used in this study could have contributed to a slightly lower
sensitivity.
Precise definition of gland localization is important, par-

ticularly as misclassification of superior and inferior para-
thyroid glands may be unhelpful to the surgeon, given the
differing relationship to the recurrent laryngeal nerve. In
this study, sensitivity was also calculated using the quad-
rant method suggested by Hinson et al. (8); its lower value
(77%) reflects the difficulties of applying a system of lo-
calization retrospectively and does not reflect the true sen-
sitivity of the technique, as a superior parathyroid adenoma
may lie deep to the inferior pole of the thyroid, leading to a
discrepancy between the radiologic and surgical interpreta-
tion. A classification proposed by Perrier et al. seeks to
provide more reliable nomenclature. It involves identifying
multiple discrete cervical regions (A–G) that correspond to
typical parathyroid locations (14). It has the potential ben-
efit of improving communication of gland location between
radiologists and surgeons but is yet to be widely used in
the U.K.
As observed in other studies, there was a higher diag-

nostic sensitivity for localizing single-gland disease (87%)
than multigland disease (70%). The reduced sensitivity was
thought to be related to reduced gland weight and oxyphil
content in hyperplastic glands (15–17). However, more re-
cent studies have found no correlation between lesion weight
and the reduced sensitivity of 99mTc-sestamibi SPECT/CT
studies in multigland disease (18,19).

This study highlights the utility of multimodality imag-
ing. In our study, the additional use of ultrasound identified
13 cases (9%), which were occult on SPECT/CT, resulting
in a significant increase in sensitivity. The cause of non-
detection by scintigraphy may relate to poor uptake by the
lesion or early washout. A study by Lavely et al. (20) found a
significant improvement in sensitivity if both early and
delayed SPECT/CT acquisitions were obtained, as opposed
to the early planar and delayed-phase SPECT/CT acquisition
technique used in our institution. It is therefore possible that the
sensitivity could have been increased further using this method.

The added value of multimodality imaging in adenoma
detection is supported in the literature. However, there has
been a suggestion that a single modality, such as ultrasound,
could be used in the first instance, with the second modality
used only as an adjunct when the ultrasound results are
equivocal or negative (21,22). Conversely, our data suggest
that SPECT/CT could be used as the initial technique, with
ultrasound used when an adenoma is not identified, as a
slightly higher proportion of adenomata were occult on
ultrasound than on SPECT/CT. However, ultrasound offers
several additional benefits to support its routine use with
SPECT/CT. In addition to its low cost, lack of ionizing radi-
ation, and rapidity, its high spatial resolution enables resolu-
tion of adjacent adenomata, which may appear to represent a
single gland on SPECT/CT. It also enables identification and
characterization of thyroid disease that may mimic an ade-
noma on scintigraphy or require concurrent management.

In our experience, the ultrasound examination adds greater
confidence in localizing adenomas that are visualized on SPECT/
CT. Anecdotally, there are cases in which the SPECT/CT
findings are equivocal because of possible early washout of
99mTc-sestamibi, and the ultrasound scan allows interroga-
tion of these specific areas. In our study, the radiologist was
not masked to the results of the SPECT/CT when perform-
ing the ultrasound, so it was not possible to quantify this.

Finally, ultrasound is also helpful to surgeons performing
subsequent intraoperative ultrasound and may add detail in
specifying anatomic location. If there are discordant imaging
findings between SPECT/CTand ultrasound, then intraoperative
parathyroid hormone monitoring is proven to improve local-
ization of adenomas (23,24).

TABLE 3
Effect of Thyroid Disease on Localization of Parathyroid Adenomas with Combined SPECT/CT and Ultrasound

Finding Sensitivity Specificity Negative predictive value Positive predictive value

Normal (n 5 86) 82% 97% 85% 96%
Atrophic (n 5 5) 100% (0.383) 100% (0.847) 100% 100%
Benign nodules

(no glandular enlargement) (n 5 20)

76% (0.194) 100% (0.556) 79% 100%

Hashimoto thyroiditis (n 5 4) 100% (0.462) 100% (0.875) 100% 100%
Multinodular goiter (n 5 60) 94% (0.069) 96% (0.429) 93% 97%

Data in parentheses are probability values.
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Overall, the presence of preexisting thyroid disease does not
seem to impair the detection of parathyroid adenomas, with no
deleterious effect on the diagnostic sensitivity of SPECT/CT-
guided ultrasound in the presence of thyroid lesions. This finding
is likely attributable to the use of combined modalities, as
ultrasound can be of assistance in differentiating intrathyroidal
lesions, which have uptake on SPECT, and scintigraphy is useful
when lesions are obscured on ultrasound by large multinodular
goiters. Ultrasound may also be used to evaluate incidental
thyroid disease; in our series, 4 patients were referred for fine-
needle aspiration as a result of their ultrasound examinations.
Because of the retrospective nature of the study, we were

reliant on the quality of documentation and, as highlighted
above, there can be discrepancies between the radiologic
and surgical nomenclature of glands.
It was also not possible to compare the different modal-

ities in isolation (ultrasound alone vs. SPECT/CT) because
a single combined protocol was used. The radiologist was
not masked to the results of the SPECT/CT when perform-
ing the ultrasound examination. In fact, this characteristic
was felt to be one of the strengths of the technique because
the SPECT/CT could be used to target specific areas with
ultrasound to improve confidence in reporting findings on
SPECT/CT and ultrasound combined. However, this char-
acteristic could bias the results of the SPECT/CT.
Additionally, because the focus was on patients under-

going surgery, the study did not identify those with positive
scans who did not undergo surgery (e.g., because they chose
not to or had other comorbidities).

CONCLUSION

SPECT/CT-guided ultrasound offers a reliable means of
localizing parathyroid adenomata in primary hyperparathy-
roidism, and the 1-stop approach offers patient convenience
and aids diagnostic confidence. The modalities in combination
demonstrate a significant increase in sensitivity. Furthermore,
concurrent thyroid disease does not impair localization of
parathyroid adenomas. However, preoperative localization is
more accurate with single adenomas than with multigland
disease, as correlates with the published literature.
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