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ABSTRACT

BACKGROUND: Radioguided surgery has been an effective tool for identifying hyperfunctioning parathyroid glands during routine parathy-
roidectomy for hyperparathyroidism. The purpose of this study was to examine the role of radioguided surgery for the identification of intra-
thymic parathyroid glands.

MATERIAL AND METHODS: Between March 2001 and February 2018, 2291 patients underwent parathyroidectomy by 1 surgeon for pri-
mary hyperparathyroidism. Of these patients, 158 (7%) were identified to have an ectopic intrathymic parathyroid gland. All patients under-
went radioguided parathyroidectomy. Ex vivo radionuclide counts were used to confirm parathyroid excision with specimen radioactivity of
>20% of the background level.

RESULTS: The mean age was 56 *+ 1years with 74% of the patients being female. Preoperatively, 122 patients underwent sestamibi scan,
which correctly identified the affected gland 61% of the time. Mean background radionuclide count was 208 = 7, mean ex vivo radionuclide
count was 127 =9, with ex vivo counts of removed glands >20% in all patients. All ectopic parathyroid glands were successfully identified
using gamma probe. Ex vivo counts found to be significantly higher in patients with adenomas. Patients with parathyroid adenomas also
were older in age and had higher preoperative calcium levels. While 10% of patients with primary hyperparathyroidism have hyperplasia,
42% of patients with thymic parathyroids had hyperplasia.

CONCLUSIONS: Radioguided parathyroidectomy is useful in detecting ectopic parathyroid glands in the thymus. Patients with hyperplasia
disproportionately have clinically significant thymic parathyroid glands.
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Introduction
Primary hyperparathyroidism affects approximately 1% of the
population.! Management is surgical excision of the hyper-
functioning gland(s), with 80% of cases attributable to a single
adenoma and cure achieved in >95% of cases.? This cure rate
is dependent on surgeon experience, as hospitals performing
low-volume parathyroid surgery have a significantly higher
failure rate of parathyroidectomy for glands in the normal ana-
tomic location when compared with high-volume centers (89%
vs 13%, P<.0001).3

Persistent hyperparathyroidism after parathyroidectomy
may be due to a hyperfunctioning gland in an ectopic location,
about 16% to 31% cases, which may result in operative fail-
ure.*7 Sixty-two percent of ectopic parathyroid glands are
identified to be an inferior gland. They are most commonly
found within the thymus (30%), anterosuperior mediastinum
(22%), and thyrothymic ligament (17%).” However, cadaveric
studies have demonstrated that the lower parathyroid is identi-
fied within the thymus up to 41% of the time.®

Radioguided surgery has been an effective tool for identify-
ing hyperfunctioning parathyroid glands, including both ade-
nomasand hyperplastic glands during routine parathyroidectomy

for hyperparathyroidism.” The purpose of this study was to
examine the role of radioguided surgery for the identification of
intrathymic adenomatous and hyperplastic parathyroid glands.

Materials and Methods

A retrospective review of patients who underwent parathyroid-
ectomy between March 2001 and February 2018 was per-
formed from a prospectively collected database. There were
2291 patients who underwent parathyroidectomy by 1 surgeon
for primary hyperparathyroidism. Of these patients, 158 (7%)
were identified to have an ectopic intrathymic parathyroid
gland and comprise the study population of interest.
Demographics, imaging, and intraoperative radioguided probe
data were evaluated.

All patients underwent radioguided parathyroidectomy
with preoperative injection of 10 mci of technetium-99m
(Tc) sestamibi. A collimated gamma probe (Neoprobe
Gamma Detection System, Devicor Medical Products, Inc.,
part of Leicia Biosystems, Cincinnati, OH) was placed over the
thyroid isthmus to obtain a background count. Parathyroid
exploration was performed. When an enlarged parathyroid
gland was encountered, it was excised and placed on top of the
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gamma probe, directed away from the patient, to obtain ex vivo
radionuclide counts. The cause of primary hyperparathy-
roidism was determined by the surgeon, a single enlarged and
hyperfunctioning parathyroid gland was determined to be an
adenoma. Patients with 2 enlarged and hyperfunctioning para-
thyroid glands were considered to have a double adenoma; in
these patients both affected glands were excised. If all parathy-
roid glands were affected, patients were classified as having
hyperplastic disease; these patients underwent subtotal par-
athyroidectomy. In all cases, excised parathyroid glands were
confirmed to be hyperfunctioning with ex vivo radionuclide
counts greater that 20% of the background level and intraop-
erative parathyroid hormone (ioPTH) monitoring was used
following the Miami and the Wisconsin criteria.!%1?

Cervical thymectomy was performed in cases with missing
lower parathyroid glands or when ioPTH levels did not drop
appropriately after excision of affected parathyroid glands in
eutopic locations. Excised thymic tissue was scanned with the
gamma probe, again directed away from the patient, to confirm
the excision of an ectopic parathyroid (Figure 1). Ex vivo radio-
nuclide counts were used to confirm parathyroid excision with
specimen radioactivity of >20% of the background level.
Curative excision was confirmed with the normalization of
postoperative PTH and calcium levels at 6 months.

SPSS Statistics software (version 25, IBM corp) was used to
perform statistical analysis. Data are reported as mean * stand-
ard error of the mean (SEM). Comparison among groups was
performed using 1-way analysis of variance (ANOVA). A P
value of <.05 was considered statistically significant. This
study was approved by the University of Alabama at
Birmingham Institutional Review Board (IRB-160921006);

informed consent was waived in this study.

Results

Patient and outcomes

The mean age was 56 = 1years with 74% of the patients being
female (range: 9-83years). Mean preoperative calcium was
10.7 0.1 mg/dL (reference range: 8.4-10.4mg/dL) and the
mean preoperative PTH was 112 = 6 pg/mL (reference range:
12-88 pg/mL). Twenty-seven patients (17%) had previously
undergone a neck exploration. Preoperatively, 122 patients
underwent sestamibi scan with the scan correctly identifying
the affected gland 61% of the time. All patients (100%) were
cured of their hyperparathyroidism after radioguided parathy-
roid surgery with a mean postoperative calcium of 9.3 = 0.1 mg/
dL and mean postoperative PTH of 46 * 3 pg/mL at 2 weeks
postoperatively. The mean postoperative calcium and mean
postoperative PTH were 9.4+ 0.1 mg/dL and 46 =3 pg/mL,
respectively, at 6 months postoperatively.

Patients were stratified based on whether their hyperpar-
athyroidism was due to a single adenoma, double adenoma, or
hyperplasia. Sixty-eight patients had a single adenoma, 24 had

Figure 1. Measurement of ex vivo radionuclide counts.
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Figure 2. The cause of hyperparathyroidism in this study population.

double adenoma, and 66 had hyperplasia. While 10% of
patients with primary hyperparathyroidism generally have
hyperplasia, 42% of patients with thymic parathyroids had
hyperplasia (Figure 2).!

Comparison was performed across the 3 groups (Table 1).
Patients with parathyroid adenomas were on average older than
patients with double adenomas and hyperplasia (612 vs
58.3 =3 and 51 * 2years, P=.001). There was no difference in
gender composition of the groups (75% vs 79% vs 71%, P=.732).
Preoperative calcium was significantly higher in patients with
adenoma (11.0=0.1 vs 10.6+0.2 and 10.5*0.1mg/dL,
P=.001). There was no difference in the mean preoperative
PTH (121 =9 vs 108 = 15 and 103 + 7pg/mL, P=.294).
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Table 1. Comparison of demographic and laboratory data.

ADENOMA
N 68
Gender (%female) 75%
Age (years) 612
Preoperative Ca (mg/dL) 11.0+0.41
Preoperative PTH (pg/mL) 121+9
Postoperative Ca (mg/dL) 9.42+01
Postoperative Ca (mg/dL) at 6months 9.44+01
Postoperative PTH (pg/mL) 50+5
Postoperative PTH (pg/mL) at 6 months 47+3
Abbreviation: PTH, parathyroid hormone.
Table 2. Radioguided excision data.
ADENOMA
Mean background counts 210 + 11
Mean ex vivo counts 162 +16
Mean ex vivo counts (% background) 78 +6%

Radioguided data

Mean background radionuclide count was 208 =7, mean ex
vivo radionuclide count was 127 £ 9, with ex vivo counts of
removed glands >20% of background in all patients. All
ectopic parathyroid glands were successfully identified using
gamma probe after excision. Ex vivo counts were found to be
significantly higher in patients with adenomas (162 =16 vs
105 *=20 and 100 = 10, P=.003; Table 2).

Discussion

The role of radioguidance to aid in the identification of ectopic
intrathymic parathyroid glands has not been well defined. This
study serves to evaluate the utility of radioguided surgery for
ectopic parathyroid glands within the thymus. Of the patients
studied who underwent radioguided parathyroidectomy for
primary hyperparathyroidism, 158 had an ectopic intrathymic
parathyroid gland which was identified intraoperatively using a
gamma probe, precluding the need for frozen section.

Within this series, there was an increased proportion of
patients with hyperplasia (42%) compared with all patients
who had primary hyperparathyroidism. Considering that para-
thyroid hyperplasia affects all parathyroid glands, this likely
does not represent an increased percentage of ectopic parathy-
roid glands in the thymus, but a high rate of detection of
ectopic glands due to their clinical significance in this patient

DOUBLE ADENOMA HYPERPLASIA P VALUE
24 66
79% 71% 732
58+3 51+2 .001
10.6+0.2 10.5*0.1 .001
108 =15 103=7 294
9.34 0.1 9.24+041 .017
9.46+0.1 9.36+0.1 732
47 +9 41+5 481
35+4 51+6 151
DOUBLE ADENOMA HYPERPLASIA P VALUE
19213 21212 615
105 +20 100+10 .003
65+18% 51% = 5% .017

population. In patients with parathyroid adenomas, especially
with affected upper glands, the detection of a normal, ectopic
intrathymic parathyroid gland would likely be less common. It
is notable that the determination of adenomatous versus hyper-
plastic disease in this series was made by the surgeon intraop-
eratively. Given that not all patients underwent 4-gland
exploration, the proportion of patients with hyperplastic dis-
ease may not be accurate. In addition, the confirmation of a
parathyroid adenoma with pathology was not possible in this
retrospective series as pathology reporting at our institution
did not specify adenomatous versus hyperplastic disease.

Radioguided surgery has been established as a useful adjunct
to intraoperative localization of parathyroid tissue in parathy-
roidectomy. Murphy and Norman'? demonstrated that para-
thyroid adenomas have radionuclide ex vivo counts >20% of
the background, obviating the need to confirm that the excised
tissue is hyperfunctioning parathyroid tissue on frozen section.
Past studies have shown the use of intraoperative sestamibi for
detecting parathyroid glands to be equally effective in both
adenomatous and hyperplastic glands.? In addition, minimally
invasive radioguided parathyroidectomy has been shown to
decrease operative time and allows for the omission of frozen
section, decreasing cost without compromising outcomes or
patient safety.1314

In a case series of 840 patients, cervical thymectomy
occurred 18% of the time with confirmation of parathyroid
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gland on pathology 97% of the time; 3% of patients had persis-
tent disease.’® The use of intraoperative radioguidance can help
confirm the presence of hyperfunctioning parathyroid tissue
within the excised thymic tissue during the operation. With
the addition of ioPTH monitoring to confirm the excision of
all affected parathyroid glands, 1 study was able to demonstrate
cure of all the patients who underwent parathyroidectomy with
the use of preoperative sestamibi scan or gamma probe guid-
ance.'® We similarly demonstrated a 100% cure rate in this
series with the addition of ioPTH to confirm excision of all
hyperfunctioning parathyroid tissue. Notably, while most of
the patients in this series underwent preoperative sestamibi
scan, the causative parathyroid gland(s) were only identified in
61% of cases prior to surgery.

Sullivan et al described the use of preoperative parathyroid
scan in combination with intraoperative *™Tc sestamibi with
gamma probe guidance to focus dissection. They demonstrated
94% accuracy in predicting the location of a parathyroid ade-
noma using this technique.'” There have been multiple reports
of successful intraoperative localization of intrathymic and
intrathoracic ectopic parathyroid glands.'®2! One such case
describes the in vivo identification of an intrathymic adenoma
with radionuclide counts 2.5 times greater than the background
levels.22

To date, the use of radioguidance in mediastinal ectopic
parathyroid glands has been questioned due to the high cardiac
uptake of " Tc sestamibi, which limits the use of in vivo meas-
urement of radioactivity to localize hyperfunctioning parathy-
roid tissue.23 However, we have found it to be useful in
confirming the excision of an ectopic parathyroid gland within
the thymus in the setting of cervical thymectomy for a missing
inferior gland.

Conclusions

Radioguided parathyroidectomy is useful in detecting ectopic
parathyroid glands in the thymus. Patients with hyperplasia
disproportionately have clinically significant thymic parathy-
roid glands.
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