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Abstract

Objectives: Primary hyperparathyroidism (PHPT) is a common endocrine disease. Ectopic adenomas may cause a failed surgery
which results in persistence or recurrence. Intrathyroidal parathyroid adenoma (ITPA) is a rare reason for PHPT and site of ectopia.
Herein, we aimed to investigate the clinical and imaging features of patients with ITPAs and the effectiveness of radiological tools

for localization at a tertiary reference center.

Methods: The files of 708 consecutive patients who underwent parathyroidectomy for PHPT in our department between January
2007 and December 2021 were investigated retrospectively. PHPT patients with ITPA were included in the study. Patients with
missing data were excluded from the study. Clinicopathological features of the patients and radiological evaluation findings were

investigated.

Results: Twenty-eight (28/708: 3.9%) patients were included in the study. The complete intrathyroidal gland and subcapsular para-
thyroid gland were observed in 8 (1.1%) and 20 (2.8%) patients, respectively. The ultrasound and parathyroid scintigraphy revealed
the accurate localization of ITPA in 25 (89.3%) and 18 (64.3%) patients, respectively. Additional imaging modalities were applied
for 10 patients in which conventional localization studies were discordant or inconclusive. ITPAs were most commonly found in
the lower gland (n=20) localization. All patients had a successful parathyroidectomy and neither persistence nor recurrence was

occurred in the study group.

Conclusion: The ITPAs are rare in PHPT. The ultrasound has a high diagnostic rate in experienced hands. The second-line imaging
methods may be favorable in the presence of negative or discordant scans. The pre-operative localization studies can detect the
ITPAs in most patients, so blind thyroidectomy should be avoided.
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rimary hyperparathyroidism (PHPT) is an endocrine
disease that affects 0.1-0.7% of the general popula-
tion and parathyroidectomy is the only effective and
definitive treatment choice for the disease. After the es-

tablishment of diagnosis of PHPT, the localization of the
pathological parathyroid gland(s) should be investigated.
Since the most common cause is a single gland adenoma,
accurate pre-operative localization of the diseased gland
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improves surgical success and enables focused approach-
es in those patients.? The ultrasonography (US) and
technetium-99m sestamibi scintigraphy (xsingle-photon
emission computed tomography [SPECT]) are first-step
imaging modalities to determine the accurate location of
parathyroid adenoma.®!

Ectopic adenomas may cause the failure of the surgery
and consequently the persistent or recurrent disease.
B4 Intrathyroidal or thyroid subcapsular area is one of
the typical ectopic localizations of adenoma in patients
with PHPT with an incidence between 0.5% and 4.3%
in most studies®® and a cause of failed exploration in a
substantial proportion of patients having surgery unless
preoperatively non-localized in imaging studies. The US
and the sestamibi scintigraphy are the most commonly
applied imaging modalities to detect an intrathyroidal
parathyroid adenoma (ITPA) and a wide range of sensitiv-
ity and specificity rates has been reported in the current
literature*¢ mainly depending on the experience of the
imaging and surgery departments. In addition, computed
tomography (CT), magnetic resonance imaging (MRI),
technetium-thallium scan, and selective venous blood
sampling for parathormone and fine-needle aspiration
biopsy have also been reported to be useful to identify
an ITPA.B7

Here, we aimed to investigate the clinicopathological fea-
tures of PHPT patients with complete intrathyroidal or
subcapsular parathyroid adenoma and the effectiveness
of pre-operative localization studies in a tertiary referral
center.

Methods

The data of 708 consecutive patients who underwent
parathyroidectomy with the diagnosis of PHPT in General
Surgery B Clinic of Izmir Katip Celebi University Ataturk
Training and Research Hospital between January 2007 and
December 2021 were investigated retrospectively. PHPT
cases with complete intrathyroidal parathyroid glands in
the final histopathological examination and cases with in-
traoperatively found subcapsular parathyroid glands were
included in the study. Patients with missing file data were
excluded from the study. Demographic and clinicopatho-
logical features of the patients and imaging findings were
analyzed based on the hospital database and patient files.

All patients were evaluated with the pre-operative US by
an experienced radiologist (N.E.) and sestamibi scintig-
raphy £ SPECT (sestamibi-SPECT) scan. Additional scan-
ning studies were administered in patients with negative
or discordant localization studies. Four-dimensional MRI
(4D-MRI) and four-dimensional CT (4D-CT) were pre-

ferred as second-line localization methods in our center
since 2009 and 2012, respectively.® US-guided aspiration
and parathormone measurement in aspirate were used
for confirmation of the parathyroid tissue when needed.
Necessity or width of neck exploration and requirement
of additional thyroidectomy were determined according
to pre-operative localization studies. All surgical inter-
ventions were performed by an experienced endocrine
surgery team. Intraoperative parathormone assays were
routinely performed to confirm surgical success in all op-
erations according to Miami criteria.”! Intraoperative fro-
zen section analysis of surgical specimens was done when
necessary.

Ethics Committee approval was obtained from the Izmir
Katip Celebi University Ethics Committee (Decision date:
February 24, 2022, Decision no: 0054). This study was
performed in accordance with the ethical standards as
laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.

Statistical Analysis

SPSS version 22.0 (IBM Corp.; Armonk, NY, USA) was used
for statistical analyzes. Meantstandard deviation, median,
minimum value, maximum value, and frequencies were
used for the variables.

Results

A total of 28 (28/708: 3.9%) patients who met the study cri-
teria were included in the study. The complete intrathyroi-
dal gland (Fig. 1) was observed in 8 (1.1%) patients and the
subcapsular parathyroid gland was found in 20 (2.8%) pa-
tients. The mean age was calculated as 55.8+13.1 (32-78). All
but one of the patients were women. Four (14.3%) patients
had a previous parathyroidectomy due to PHPT. Two of the
patients who underwent parathyroidectomy in our depart-
ment in the past were diagnosed with persistent/recurrent
PHPT (after 3 months and 5 years). The other two patients
were referred to our department due to persistent PHPT af-
ter the initial operation performed in an external hospital.

The accurate localization of ITPA was detected in 25 (89.3%)
patients by pre-operative US (Fig. 2) and 18 (64.3%) patients
by sestamibi-SPECT (Fig. 3). A negative sestamibi-SPECT
scan was seen in all three patients with the non-diagnostic
US. Conventional localization studies were concordant in
18 (64.3%) patients (Table 1). Additional imaging modali-
ties were applied for other 10 patients. The localization of
the parathyroid gland was confirmed by four-dimensional
MRI (4D-MRI) in three patients (Fig. 4) and four-dimension-
al CT (4D-CT) (Fig. 5) in two patients. In another patient (a
persistent PHPT case), a choline/PET CT showed correct
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Figure 1. Macroscopic appearance of fresh surgical specimen of a 12
mm complete intrathyroidal parathyroid adenoma (arrow) in upper
localization of the right thyroid lobe.

quadrant localization of parathyroid adenoma after nega-
tive 4D-CT and following negative selective venous blood
sampling. When conventional imaging modalities were
combined with additional imaging methods, accurate lo-
calization of the parathyroid gland was determined by at
least two imaging methods in 23 (82.1%) patients.

Figure 2. (a) Ultrasound image of a patient with complete intrathy-
roidal parathyroid adenoma (PA), surrounded with the right lobe
of thyroid (T). (b) Color Doppler ultrasound of the same patient re-
vealed a polar vessel (arrow) of adenoma.

Figure 3. Sestamibi scintigraphy + single-photon emission comput-
ed tomography found the accurate localization of 15 mm diameter
subcapsular adenoma on the left upper quadrant.

Other patients with discordant or suspicious imaging find-
ings underwent unilateral or bilateral neck exploration and
adenoma excision was succeeded in all. ITPAs were most
commonly found in the right lower and left lower (n=10 for
both) localization, and the mean adenoma diameter was cal-
culated as 17+£7.9 (7-35) mm. Histopathological examination
of the parathyroid gland revealed hyperplasiain 2 (7.1%) pa-
tients, double adenoma in 1 (3.6%) patient, and a single ad-
enoma in the other 25 (89.3%) patients. Frozen section anal-
ysis confirmed surgical success in all patients. Pre-incision
and post-excision 10 min intraoperative PTH samples were
collected and intraoperative PTH decreased sufficiently (be-
tween 57% and 99%) in all patients. Although, third blood
samples were required during some of our parathyroidec-
tomy procedures, we did not need it in the study group.

Table 1. Demographic and pre-operative clinical characteristics of
the patients

n (%)/meanxSD
(min-max)

Localization
Intrathyroidal
Subcapsular

8 (28.6%)
20 (71.4%)

Age 55.8+13.1 (32-78)
Gender
Female 27 (96.4%)
Male 1(3.6%)
Previous parathyroidectomy
Yes 4(14.3%)
No 24 (85.7%)
Pre-operative conventional
localization studies
Concordant 18 (64.3%)
Discordant 10 (35.7%)
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Figure 4. Coronal section of the neck magnetic resonance imaging
of a 9x6 mm subcapsular adenoma (arrow) showing mild diffusion
restriction and located in the posterior-inferior region of the left lobe.

Thyroidectomy was performed in 50% of the study group.
Hemithyroidectomy and total thyroidectomy were applied
in 10 (35.7%) and 4 (14.3%) patients, respectively. Hemithy-
roidectomy on the side of the pathological gland was the
preferred surgery for all patients with complete intrathy-
roidal parathyroid. In addition, contralateral hemithyroid-
ectomy was added to the procedure in three patients due
to accompanying thyroid disease in the contralateral lobe.
Blind hemithyroidectomy or total thyroidectomy was not
performed in any patients. In the histopathological exami-
nation of the ipsilateral thyroid lobe, incidental papillary
microcarcinoma was found in 2 (14.3%) patients and be-
nign thyroid disease was found in 12 (85.7%) patients.

Transient hypocalcemia was observed in 6 (21.4%) patients
and these resolved in all patients in 3 months. Uninten-
tional excision of the normal parathyroid gland was not
performed in any of these patients. Among these six pa-
tients, four patients underwent a total thyroidectomy and
one patient underwent hemithyroidectomy. Another one
had a history of previous unsuccessful parathyroidectomy.
The devascularization of the parathyroid glands secondary
to width of dissection field may be the main reason of tran-
sient hypoparathyroidism. Patients with hemithyroidecto-
my did not require levothyroxine therapy. Any other com-
plication or persistence or recurrence was not experienced
in the study group (Table 2).

Figure 5. A 7 x 5 mm intrathyroidal parathyroid adenoma (arrow)
located inferoposterior of the left thyroid lobe (T) with indistinguish-
able borders from the thyroid gland detected on computed tomog-
raphy of the neck.

Table 2. Operative and histopathologic features of the patients

Parathyroid adenoma

Right lower 10 (35.7%)
Right upper 3(10.7%)
Left lower 10 (35.7%)
Left upper 5(17.9%)

Diameter of parathyroid (mm)
Final parathyroid pathology

17+7.9 (7-35)

Adenoma 25 (89.3%)
Double adenoma 1 (3.6%)
Hyperplasia 2 (7.1%)
Thyroidectomy
No 14 (50%)
Hemithyroidectomy 10 (35.7%)
Total thyroidectomy 4 (14.3%)
Histopathology of resected ipsilateral
thyroid lobe (n=14)
Papillary microcarcinoma 2(14.3%)
Nodular goiter 12 (85.7%)
Complication
Transient hypocalcemia 6(21.4%)
No 22 (78.6%)

Discussion

Intrathyroidal location is an important site for ectopic local-
ization of parathyroid adenoma. The incidence of ITPA has
been reported in a wide range between 0.5% and 22.6%
in the current literature but many studies have found that
true incidence is under 5%.% It can be completely intra-
thyroidal (i.e., embedded in thyroid tissue) or partial (i.e.,
subcapsular or partially embedded in thyroid tissue). The
largest series consisting of 10,000 patients who underwent
1st time parathyroidectomy found a complete and partial
ITPA prevalence of 0.7% and 1.2%, respectively.”! However,
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the incidence of ITPA in patients who underwent redo-op-
eration due to persistence or recurrence was found up to
11%, and this is higher than that reported for patients who
underwent 1st time parathyroidectomy. In our series, the
incidence of complete and partial ITPA was found 1.1% and
2.8%, respectively.

It is still controversial whether the superior or inferior para-
thyroid glands are more frequently intrathyroidal. Some
authors reported that ITPA is mostly a superior parathyroid
gland,”® while others declared that inferior parathyroid
glands are mainly affected[5,6] In the present study, ITPAs
were mostly determined as inferior parathyroid glands.

The pre-operative precise localization of the ITPA is a pivot-
al role in a successful surgical outcome. Moreover, a major-
ity of ITPAs could be diagnosed with pre-operative localiza-
tion studies if performed by an experienced team. The US
and the sestamibi scintigraphy are considered to be first-
step imaging methods for localization in PHPT.®! The ses-
tamibi-SPECT is the main localization method for the diag-
nosis of ectopic parathyroid lesions due to high sensitivity.
However, low specificity rate due to overlapping features
with multinodular goiter and low contribution to sectional
anatomy limits diagnostic strength.®'® The US has the ad-
vantages of low cost and specifying cervical anatomy very
well. However, the differential diagnosis between ITPA and
thyroid nodules may be a challenge, similar to that in the
sestamibi-SPECT scan.?$! On the other hand, the accuracy
of the US depends on the experience of radiologists. Bahar
et al.'" reported that US and sestamibi scan had a sensitiv-
ity of 67% and 75%, respectively. Roy et al.'? reported that
localization of ITPA was detected with a rate of 83% and
78% by US and scintigraphy, respectively. The US and sesta-
mibi-SPECT detected ITPAs in 66.7% and 84.6% of the cas-
es, respectively, in a recent study. The combined accuracy
of these two methods has been found between 81% and
92.3%, which is higher than US or scintigraphy alone.®'? In
the present study, the diagnostic accuracy of US, sestamibi-
SPECT, and combination of both was found 89.3%, 64.3%,
and 89.3%, respectively. The high diagnostic success rate of
the US in this study might be a result of all US scans being
performed by the same radiologist who was highly experi-
enced on neck US, especially on parathyroid imaging.

The differential diagnosis of ITPAs from thyroid nodules
may be troublesome. The sonographic features of ITPAs
were described by Zhao et al.? Most of the patients in
their series had a well-defined, hypoechoic lesion on the
US. In addition, they found a polar vessel of adenoma on
color Doppler US in 92.3% of the patients. Our radiologist
(N.E) evaluated some criteria which have been reported
before?'*'4 to make a differential diagnosis between ITPAs
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and thyroid nodules: (1) Absence of parathyroid tissue in
anatomic localization, (2) hypervascularity and the pres-
ence of an intraglandular polar vessel, (3) more homoge-
neous hypoechoic pattern than the nodule, (4) absence
of halo sign, and (5) well circumscribed lesion. Moreover,
measurement of parathormone in fine-needle aspira-
tion washout fluids in a few patients whose diagnosis was
doubtful was done for confirmation.

Parathyroid scintigraphy alone may not determine the rela-
tion of adenoma and thyroid tissue, but a sestamibi-SPECT
scan may reveal complete ITPA or subcapsular adenoma
with the advantage of fusion of scintigraphy and CT. The
nuclear medicine department of our hospital achieved to
define complete ITPAs or subcapsular adenomas by this
technic in some patients. Since the diagnosis of subcap-
sular parathyroid adenoma is more difficult, the accurate
localization of the subcapsular parathyroid gland was con-
firmed by measuring parathormone in fine-needle aspira-
tion washout fluids in some patients whose diagnosis was
doubtful.

Other non-invasive diagnostic modalities, which are admin-
istered in the presence of negative or discordant first-step
imaging, are CT and MRI; however, their diagnostic value
for the determination of ITPA is not clear in the literature.
Their diagnostic accuracy rates were reported as 0% and
25%, respectively.”? Although invasive methods such as se-
lective venous blood sampling and fine-needle aspiration
biopsy have high sensitivity for ITPAs, they may cause ad-
verse outcomes related to the intervention.*”> We found
that 4D-CT and MRI had a sensitivity rate of 40% and 60%,
respectively, in experienced hands. Their combination with
conventional imaging methods provided more accurate in-
formation for adenoma localization.

In the past, hemi/total thyroidectomy was considered to
be an appropriate surgical approach in the presence of a
missing gland because if adenoma cannot be found during
surgical exploration, adenoma was thought to be located
in the thyroid gland.?”'1¢ On the contrary, blind thyroid
lobectomy was reported to be rarely successful in the larg-
est study in the prior literature: Goodman et al.® found that
77% of patients who underwent redo-operation for persis-
tent PHPT had a history of lobectomy of which the major-
ity were on the same side with parathyroid adenoma. They
concluded that careful dissection of the tissue surrounding
the thyroid, thyroidotomy, or meticulous dissection of the
inferolateral side will help to find missing adenoma. We did
not perform blind thyroidectomy in the study group (i.e., in
the absence of any pre-operative suspicious imaging).

Intraoperative gamma probe and the US have high accu-
racy rates to identify ITPAs. The intraoperative US also con-
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tributes to confirmation of complete resection of ITPA and
prevents resection of the normal thyroid gland.>* We per-
formed ipsilateral hemithyroidectomy for all patients with
complete intrathyroidal adenoma.

This study has some limitations including being conducted
in a single surgery clinic, retrospective design, and small
sample size.

Conclusion

The intrathyroidal and subcapsular regions are rare ectopic
localizations of the parathyroid adenoma in PHPT. The US,
one of the conventional localization studies, has a high di-
agnostic accuracy rate when performed by an experienced
radiologist. The second-line imaging methods may contrib-
ute to the detection of accurate localization of ITPAs in the
presence of negative or discordant scans. Since the pre-op-
erative localization studies can reveal the ITPAs in the ma-
jority of patients in experienced centers, surgical success is
high and blind thyroidectomy should be avoided.
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