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Aim: Hyperfunctioning intrathyroidal parathyroid glands are rare and often result in thyroid lobectomy.
This study examines the utility of radioguided surgery to guide enucleation of intrathyroidal parathy-
roids. Methods: Between December 2002 and March 2018, 2291 patients underwent parathyroidectomy
by one surgeon for primary hyperparathyroidism. A total of 74 (3%) patients had an ectopic intrathy-
roidal parathyroid gland and underwent radioguided. Results: All of intrathyroidal parathyroid glands
were localized with the gamma probe. In vivo radionuclide counts were above 120% of the background
in all but three patients. All intrathyroidal parathyroids were enucleated with the guidance of the gamma
probe. Conclusion: Radioguided surgery is useful for intraoperative identification of hyperfunctioning, in-
trathyroidal parathyroid glands. This technique allows for enucleation of the abnormal parathyroid gland,
avoiding thyroid lobectomy and preserving healthy thyroid parenchyma.
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Primary hyperparathyroidism (PHPT) affects approximately 1% of the population with 75–85% of cases being
attributable to a single parathyroid adenoma. Multigland disease accounts for 5–15% of PHPT and may result
from double adenoma or hyperplasia [1,2]. Definitive treatment of PHPT remains as surgical excision of the
hyperfunctioning parathyroid glands. The use of localization techniques and intraoperative parathyroid hormone
(PTH) assay has advanced surgical treatment of PHPT, with cure achieved in >95% of cases [3]. Surgical failure leads
to persistent hyperparathyroidism, which may result from a missed adenoma, inadequate resection or a parathyroid
gland in an ectopic location [4].

Ectopic parathyroid glands are most frequently located within the thymus, anterior mediastinum and rarely within
the thyroid. Hyperfunctioning intrathyroidal parathyroid glands have been reported to occur in approximately 1–
18% of patients, with higher rates of abnormal intrathyroidal parathyroid glands in hyperplastic disease [5–7].

While they are rare, a missing parathyroid adenoma after thorough neck exploration may result in blind
thyroid lobectomy without intraoperative visualization of the ectopic parathyroid gland. However, the risk of
hypothyroidism after thyroid lobectomy ranges from 14.3 to 35% [8–11]. Therefore, blind thyroid lobectomy for a
suspected ectopic intrathyroidal parathyroid may commit a patient, with an otherwise normal thyroid, to lifelong
thyroid supplementation. Radioguided techniques have been shown to be helpful in localizing intrathyroidal
parathyroids, permitting radioguided enucleation of these lesions without the need for thyroid resection [12]. Our
study examines the utility of radioguided surgery to facilitate enucleation of intrathyroidal parathyroids, thus
preserving normal thyroid tissue.
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Table 1. Comparison of demographic and laboratory data.
Variable All Patients Adenoma Double adenoma Hyperplasia p-value

N 74 43 12 19

Age (year) 60 ± 2 60 ± 2 58 ± 4 59 ± 3 0.885

Preoperative Ca (mg/dl) 10.9 ± 0.1 11 ± 0.1 10.6 ± 0.3 10.7 ± 0.2 0.084

Preoperative PTH (pg/ml) 152 ± 20 139 ± 13 128 ± 27 198 ± 70 0.395

Postoperative Ca (mg/dl) 9.3 ± 0.1 9.23 ± 0.1 9.56 ± 0.1 9.17 ± 0.2 0.143

Postoperative Ca (mg/dl) at 6 months 9.3 ± 0.1 9.2 ± 0.1 9.8 ± 0.1 9.3 ± 0.1 0.551

Postoperative PTH (pg/ml) 49 ± 5 47 ± 6 40 ± 7 59 ± 12 0.158

Postoperative PTH (pg/ml) at 6 months 52 ± 4 49 ± 6 46 ± 6 62 ± 8 0.606

Comparison of demographic data, preoperative and postoperative laboratory work across etiology groups.
PTH: Parathyroid hormone.

Materials & methods
We performed a retrospective review of patients undergoing parathyroidectomy for primary hyperparathyroidism,
by a single surgeon between December 2002 and March 2018, from a prospectively collected database. There were
2291 patients who underwent parathyroidectomy during that time and of these patients, 74 (3%) were identified
to have an abnormal, ectopic intrathyroidal parathyroid gland. We defined an intrathyroidal parathyroid gland as
parathyroid gland, which is located within the thyroid parenchyma. The decision for preoperative imaging was made
at the surgeon’s discretion. Demographics, imaging, pre- and post-operative laboratory work and intraoperative
radioguided probe data for this group were evaluated.

All patients underwent radioguided parathyroidectomy with preoperative injection of 10 mCi of TC-99m
sestamibi. A background radionuclide level was obtained with the collimated gamma probe (Neoprobe Gamma
Detection System, Devicor Medical Products, Inc., part of Leicia Biosystems, OH, USA) over the thyroid isthmus.
Parathyroid glands that appeared to be enlarged were excised and placed on the gamma probe directed away from
the patient. Ex vivo radionuclide counts were used to confirm hyperfunctioning parathyroid excision with specimen
radioactivity of >20% of the background level [13].

In cases where a parathyroid gland was missing, the ipsilateral thyroid is examined and meticulously scanned
with the gamma probe for regions with increased radionuclide counts. Thyroidotomy is performed over the
area of highest gamma counts using the electrocautery. The parathyroid adenoma was enucleated and excision is
confirmed with ex vivo counts >20% above the background level. Intraoperative PTH monitoring was used in all
cases. Curative excision was confirmed using postoperative PTH and calcium levels at 6 months.

Statistical analysis was performed using SPSS Statistics software (version 25, IBM Corp.). Data are reported
as mean ± standard error of the mean. Groups were compared using one-way analysis of variance (ANOVA). A
p-value <0.05 was considered statistically significant. This study was approved by the University of Alabama at
Birmingham Institutional Review Board.

Results
Demographics & preoperative labs
The mean patient age was 60 ± 2 years with 80% of the patients being female. Mean preoperative calcium was
10.9 ± 0.1 ml/dl and the mean preoperative parathyroid hormone level was 152 ± 20 pg/ml. A total of 20 patients
were referred for persistent hyperparathyroidism and underwent remedial parathyroid exploration.

Patients were divided into groups based on the etiology of their hyperparathyroidism; these groups were: single
adenoma, double adenoma or hyperplasia. A total of 43 patients (58%) had a single adenoma, 12 (16%) had
double adenoma and 19 (26%) had hyperplasia. Comparison was performed across these groups (Table 1). There
was no difference in age of the groups (60 ± 2 vs 58 ± 4 vs 59 ± 3 years; p = 0.885). Mean preoperative calcium
and PTH were not significantly different among the groups (11.0 ± 0.1 vs 10.6 ± 0.2 and 10.7 ± 0.2 mg/dl;
p = 0.084) and (139 ± 13 vs 128 ± 27 and 198 ± 70 pg/ml, p = 0.395) (Table 1).

Preoperative imaging
Of the patients in this study, the majority underwent preoperative imaging, with five of the 74 patients (7%)
undergoing parathyroid exploration without preoperative imaging. There were 62 patients who underwent pre-
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Table 2. Preoperative imaging results.
Preoperative imaging modality N Preoperative imaging detected parathyroid

adenoma within the thyroid
Sensitivity (%)

Sestamibi scan 62 37 60

US 19 12 63

CT 14 9 64

Sestamibi and US 8 5 63

Sestamibi and CT 6 4 67

US and CT 5 3 60

Sestamibi, CT and US 4 3 75

Retrospective evaluation of preoperative imaging accuracy, CT was the most accurate single image while obtaining all three images was the most likely to
identify an intrathyroidal parathyroid gland.
CT: Computed tomography; US: Parathyroid ultrasound.

Table 3. Radioguided excision data.
Variable All Patients Adenoma Double adenoma Hyperplasia p-value

Mean in vivo counts (% background) 160 ± 10 170 ± 8 119 ± 3 145 ± 7 0.280

Mean ex vivo counts (% background) 80 ± 10 89 ± 8 52 ± 10 75 ± 20 0.209

Background counts 207 ± 11 200 ± 14 186 ± 23 238 ± 27 0.277

Ex vivo counts 157 ± 16 183 ± 25 96 ± 22 135 ± 19 0.209

Intraoperative radionuclide results from background, in vivo and ex vivo counts: all patients had ex vivo counts �20% of the background, in vivo radionuclide counts were
above 120% of the background in all but three patients.

operative sestamibi scan, which detected a parathyroid adenoma within the thyroid in only 37 patients (60%).
Ultrasound was performed in 19 patients and predicted an intrathyroidal adenoma in 12 patients (63%). CT scan
was performed in 14 patients and correct in nine patients (64%). Additionally, of those patients who had multiple
imaging studies, eight patients had both an ultrasound and sestamibi scan preoperative, five had a ultrasound and
CT scan, six had a sestamibi scan and a CT scan and four patients had all three images (Table 2).

Radioguided data
The mean background radionuclide count on the thyroid was 207 ± 11, with mean in vivo radionuclide counts
of the intrathyroidal parathyroid glands at 234 ± 15. All of the intrathyroidal parathyroid adenomas in this study
were localized with the gamma probe. The in vivo radionuclide count of the intrathyroidal parathyroid ranged
from 105 to 289% of the thyroid background, with a median of 147%. In vivo radionuclide counts were above
120% of the background in all but three patients. All intrathyroidal parathyroid glands were enucleated with the
guidance of the gamma probe without the need for thyroid lobectomy. The mean ex vivo parathyroid radionuclide
count was 157 ± 16, with 100% of ex vivo counts of removed glands in >20% of all patients.

Postoperative outcomes
The mean postoperative calcium was 9.3 ± 0.1 mg/dl at 2 weeks postoperatively and 9.3 ± 0.1 mg/dl after 6 months
postoperatively. The mean postoperative parathyroid hormone level was 49 ± 5 pg/ml at 2 weeks postoperatively
and 52 ± 4 pg/ml at 6 months postoperatively. No statistically significant differences were identified in postoperative
lab values among the groups (Table 3).

Discussion
The detection of an intrathyroidal parathyroid adenoma provides a challenge to the endocrine surgeon. These
patients often receive a workup, which involves multiple imaging studies, including ultrasound, radionuclide
imaging, CT scan, MRI and venous sampling. The identification of intrathyroidal parathyroid glands preoperatively
with routine sestamibi and ultrasound is difficult, as they may be mistaken for a thyroid nodule. Ultrasound can
be used to distinguish parathyroid adenomas from thyroid nodules, which are both hypoechoic on ultrasound
evaluation, as a parathyroid within the thyroid has hyperechoic line on the ventral surface of the gland; but requires
a trained observer to do so [14].
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Abboud et al. evaluated 178 patients undergoing cervical exploration for PHPT over a 7-year period who
had an ultrasound preoperatively. There were six patients with a parathyroid adenoma within the thyroid, which
was predicted in four patients on preoperative ultrasound [15]. We have similarly demonstrated that preoperative
imaging may heighten the suspicion of an intrathyroidal parathyroid adenoma but does not reliably provide
definitive information.

Additionally, fine needle aspiration of thyroid nodules to distinguish thyroid adenoma from a parathyroid
adenoma preoperatively may be useful when parathyroid hormone washout is utilized, as cytology is not reliable [16–

20]. Fine needle aspiration with PTH washout may only confirm a surgeon’s preoperative suspicion, when imaging
suggests a parathyroid adenoma within the thyroid. Its utility is further limited as biopsy of a suspected parathyroid
adenoma may cause a fibrotic reaction that complicates surgical dissection and is generally avoided [21].

When faced with a missing parathyroid gland, a thorough neck exploration should be carried out, assessing areas
where ectopic parathyroid glands are commonly found. Missing upper parathyroid gland may be identified in the
retropharyngeal space, tracheoesophageal groove and the posterior superior mediastinum, while a missing lower
gland may be within the anterior superior mediastinum or the thymus. Failure to identify a missing parathyroid
gland in these locations has classically led to the opening of the carotid sheath for exploration and, finally, thyroid
lobectomy or partial lobectomy on the side of the missing parathyroid gland [22,23].

Goodman et al. demonstrated the incidence of intrathyroidal parathyroid adenoma to be 1.9% in a retrospective
review of 10,000 patients undergoing parathyroidectomy for PHPT. They examined 1163 reoperations for failed
parathyroidectomy and demonstrated that a thyroid lobectomy was performed in 77% of cases, with the initial
surgeon identifying two or fewer parathyroid glands. Additionally, they identified the parathyroid adenoma on the
side of the lobectomy in 64% of cases and on the contralateral side in 36% of cases [24]. With the overall risk of
hypothyroidism after thyroid lobectomy being 22%, blind thyroid lobectomy for missing parathyroid gland may
put patients that otherwise have no indication for thyroidectomy at undue risk. Goodman et al. report a lower
incidence of intrathyroidal parathyroid adenomas due to a conservative definition of an intrathyroidal parathyroid
gland. Our 3% rate of intrathyroidal parathyroid glands is similarly on the lower end as we only included parathyroid
glands within the thyroid parenchyma.

We utilize radioguidance in all parathyroidectomy cases, therefore familiarity with the gamma probe and
experience with interpretation of radionuclide counts facilitates use of the technology to aid in localizing ectopic
glands. Our study is limited as it is a retrospective review of a single surgeon’s experience. Unfortunately, our
study lacks a control group due to unreliable preoperative identification of intrathyroidal parathyroid glands prior
to surgery, which has been demonstrated in prior studying and with our imaging results (Table 2). Additionally,
there may be selection bias in patient distribution and other factors, as the patient population consisted of only
those who were referred to an endocrine surgeon for definitive treatment of primary hyperparathyroidism. Lastly,
postoperative thyroid function testing on postparathyroidectomy patients is not performed routinely. Therefore,
we are unable to assess the effect thyroidotomy may have on thyroid function. However, since no thyroid tissue
was resected in these operations, we would predict that thyroid function should not be diminished.

In conclusion, radioguided surgery is useful for intraoperative identification of hyperfunctioning ectopic in-
trathyroidal parathyroid glands. Identification of an intrathyroidal parathyroid gland with this technique allows for
enucleation of the abnormal parathyroid gland, avoiding thyroid lobectomy and thereby preserving healthy thyroid
parenchyma.

Future perspective
Radioguided surgery for hyperparathyroidism has been established as an intraoperative adjunct, that allows for the
confirmation of the excision of hyperfunctioning parathyroid tissue, without the need for PTH aspiration of the
resected tissue or frozen section. The present study further suggests that in difficult cases, routine use of radioguided
techniques may aid in intraoperative decision making. Should the described technique be adopted, surgeons may
be able to prevent blind thyroid lobectomy.
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Summary points

• A total of 3% of patients had an ectopic intrathyroidal parathyroid adenoma.
• Preoperative imaging ultrasound, sestamibi and CT scan were able to detect an intrathyroidal parathyroid

adenoma with a sensitivity of 60%, 63% and 64%, respectively.
• Combined use of sestamibi, ultrasound and CT scan suggested intrathyroidal parathyroid adenoma in only 75%

of cases.
• Five patients had no preoperative imaging; radioguidance identified an intrathyroidal parathyroid adenoma in

all of these cases.
• All of intrathyroidal parathyroid gland were localized with the gamma probe.
• In vivo radionuclide counts were >120% of the background in all but three cases.
• All intrathyroidal parathyroid glands were enucleated with the guidance of the gamma probe, preserving

normal, healthy thyroid parenchyma.
• Radio guided surgery is useful for intraoperative identification and enucleation of hyperfunctioning

intrathyroidal parathyroid glands.
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