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1 | INTRODUCTION

Primary hyperparathyroidism (PHPT) is a common endo-
crine disorder caused by excess parathyroid hormone
(PTH) production. The condition is caused by a solitary
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selective venous sampling are summarized. Emerging imaging modalities,
including autofluorescence, are introduced. Surgical methods and intraopera-
tive factors that correlate with high success rates for removal are highlighted.
This review also identifies gaps in knowledge to guide further research into
this area.
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parathyroid adenoma up to 85% of the time, with para-
thyroid hyperplasia and carcinoma being less common
causes." Typically, there are four separate parathyroid
glands.”> Two glands are usually located posterior to the
upper poles of the thyroid and are termed “superior”
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parathyroid glands; the remaining two glands have a
more variable location but are typically located near the
inferior thyroid poles and are termed “inferior” parathy-
roid glands. However, parathyroid glands can also be
found at “ectopic” sites, owing to variations in migration
during embryological development. In those with PHPT,
the incidence of ectopic adenomas ranges from 9% to
22%, with a greater incidence where re-operative cases
are examined.”® Common ectopic sites include the
thymus, retropharyngeal space, retroesophageal space,
and within the thyroid itself.>’

An intrathyroidal parathyroid adenoma (IPA) is an
ectopic variant where the adenoma is either partly
(>50%) or completely enveloped by the thyroid gland.
The incidence of IPAs ranges from 0.7% to 6%.' > IPAs
can be challenging to manage for a range of reasons. For
instance, on imaging, they can appear similar to other
structures in the thyroid, including benign thyroid nod-
ules, making differentiation difficult. In the operating
room, they can be challenging to find, being embedded
in the thyroid. As a result, a thyroid lobectomy is often
performed, sometimes with inconclusive prehistological
evidence that an IPA is present and can lead to high fail-
ure rates.

There is a lack of consensus on which imaging tech-
niques and surgical methods are best-indicated in work-
ing up and managing this variant. One reason is that data
on these factors are sparse and fragmented in the litera-
ture, which makes it difficult to compare techniques and
draw recommendations for practice. To help address this
issue, this scoping review aims to map the literature on
IPAs, summarizing current imaging tools and highlight-
ing unique imaging features. This review will also discuss
the clinical presentation of IPAs, and important surgical
considerations for intraoperative removal. It will also
identify gaps in the literature to guide further research in
managing this variant.

2 | METHODS

The methodology was reported following the preferred
reporting items for systematic reviews and meta-analyses
extension for Scoping Reviews (PRISMA-ScR) checklist.®
A protocol for this study was not prospectively registered
before commencing this review.

2.1 | Data sources and search strategy

A literature search was performed on intrathyroidal para-
thyroid adenomas using PubMed through MEDLINE,
Embase, and the Cochrane Library. A search for published

TABLE 1

Articles were included if any of the following

information could be extracted from intrathyroidal parathyroid

adenomas (IPAs)

Categories of information
collected

Clinical presentation of IPAs

Localization techniques

Details of information
collected

Symptoms on presentation

Accuracy of each technique in

For example, detecting IPAs
« Ultrasound Unique features of IPAs on
« Ultrasound-guided fine imaging

needle aspiration

+ Nuclear medicine
techniques

+ Magnetic resonance
imaging

+ Computed tomography

+ Selective venous sampling

Surgical considerations Surgical techniques for

removal
Location of IPAs
intraoperatively

Histopathology Macroscopic features of IPAs

Microscopic features of IPAs

Abbreviation: IPA, intrathyroid parathyroid adenoma.

and peer-reviewed articles was performed using variants
of the following keywords: “intrathyroid,” “intra-thyroid,”
“parathyroid,” “adenoma,” “parathyroid neoplasm,” and
“primary hyperparathyroidism.” The full search strategy
was developed with assistance from the University Medi-
cal Library team and is included in Data S1, Supporting
Information. Due to the rarity of IPAs, the search strategy
was designed to capture all articles on IPAs, which would
then be individually reviewed to collect the categories of
information outlined in Table 1.

2.2 | Screening and data extraction

The search was run on the 30th of May 2022. Following
de-deduplication via Mendeley, all articles were initially
screened by reviewing title and abstract. Relevant articles
were then screened by reviewing the full text. These steps
were performed by two authors independently (SG and
RB), and disagreements were resolved through discus-
sion. After full-text screening, relevant articles were
reviewed to extract the information and data items
specified in Table 1. The data extraction form was
designed prospectively on Microsoft Word and included
(i) general study characteristics (author, year of publi-
cation, study type, sample size of IPAs), (ii) clinical fea-
tures, (iii) localization techniques utilized, (iv) surgical
considerations, and (v) histopathological features, as



708 GOWRISHANKAR ET AL.
™ | WILEY.
IDENTIFICATION PubMed Mediine | | EMBASE || Cochrane Library FIGURE 1 A flowchart
{n=158) (n=258) (n=1) outlining the screening process,

SCREENING

l

Records after duplicates
removed via Mendeley
(n=319)

|

Titles and abstracts of the papers screened (n=319)

Searching references of
screened studies
(“snowballing”)
(n=3)

I

Excluded (n=261)

Reasons:

eIncorrect population (n=78)
*Duplicated studies (n=4)
eNon-English (n=27)

*Reviews, case reports, conference abstracts,

editorials (n=138)
eIncorrect outcome (n=14)

ELIGIBILITY

Full text articles assessed for eligibility (n=61)

l

INCLUDED

Full text articles eligible (n= 19)

Excluded (n=42)
Reasons:

eincorrect outcome
(n=23)

*Reviews, case reports,
conference abstracts and
editorials (n=14)

including reasons for exclusion.
This was reported based on the
Preferred Reporting Items for
Systematic Reviews and Meta-
Analyses Extension for Scoping
Reviews (PRISMA-ScR) [Color
figure can be viewed at
wileyonlinelibrary.com]

(n=5)

eIncorrect population

outlined in Table 1. Data from each eligible study was
extracted by one author (SG) and was reviewed and
cross-checked by another author (RB). Disagreements
were resolved through discussion.

2.3 | Inclusion and exclusion criteria
Articles were included if information on clinical presen-
tation, localization techniques, surgical considerations,
and histopathology could be isolated from patients with
IPAs. Further details on the categories of information col-
lected is highlighted in Table 1. There were no restric-
tions made on patient age. Peer-reviewed randomized
control trials, cohort studies (with or without a compari-
son group), consecutive case series, and case-control
studies were eligible for inclusion. Case reports, confer-
ence abstracts, literature reviews, and editorials were
excluded. However, the references of excluded reviews
were searched to identify articles which fit the inclusion
and exclusion criteria (“snowballing”). Only English-
language studies were included. There were no limits set
on the year published.

3 | RESULTS

The results were reported following the preferred report-
ing items for systematic reviews and meta-analyses exten-
sion for Scoping Reviews (PRISMA-ScR) checklist.®

3.1 | Study selection and characteristics
of included studies

Electronic database searches resulted in 457 hits. Fol-
lowing de-duplication, 319 articles were screened. Nine-
teen articles fit the inclusion criteria and were included
in this review.'**7°723 Three of these articles were
identified through reviewing the references of excluded
literature reviews. A flowchart outlining the selection
process, as outlined by PRISMA—SCR,8 including reasons
for exclusion, is shown in Figure 1. A summary of the
characteristics of these 19 articles is provided in
Table 2.

3.2 | Clinical presentation
Patients with intrathyroidal parathyroid adenomas can
present with overt symptoms of primary hyperparathy-
roidism, or can be asymptomatic.”***> Symptoms of
hypercalcemia are wide-ranging and can include bone
pain, polyuria, renal colic, constipation, and depression.
In a cohort of 53 IPAs, Mazeh et al. found no difference
in the type of clinical symptoms, demographics, and
blood results relative to a control group of normal para-
thyroid adenomas.'® However, they did not note the
severity of each symptom.

Due to difficulties in correctly diagnosing an IPA,
patients can present with progressive symptoms of pri-
mary hyperparathyroidism over a prolonged period.
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Severe bone disease appears to be more prevalent with
ectopic parathyroid adenomas, including IPAs.* This
might reflect delays in diagnosis and definitive manage-
ment in patients with ectopic parathyroid adenomas.

Biochemical results usually show hypercalcemia
and elevated PTH levels, although patients can be nor-
mocalcaemic. A palpable mass on neck examination is
rare for parathyroid adenomas, including IPAs, and
more indicative of thyroid pathology or parathyroid
malignancy.”®%*

3.3 | Localization techniques

Twelve studies provided information on localization tech-
niques (Table 2). Eleven studies provided information on
ultrasound-based techniques; 7 on sestamibi-based imag-
ing modalities, 5 on CT, 2 on MRI, and 2 on selective
venous sampling.

3.3.1 | Ultrasound

The reported sensitivity of identifying intrathyroidal
parathyroid adenomas using ultrasound (US) varies
widely, with estimates ranging from 29% to 67%.”%'*"
On ultrasound, IPAs can appear similar to other abnor-
malities such as benign thyroid nodules, which fre-
quently co-exist alongside IPAs."” Features that point to
an IPA include a solid lesion with an absence of cystic
components, hypoechogenicity, and the presence of a sin-
gle polar feeding artery on Doppler.'”~*° Using these cri-
teria in a cohort of 50 IPAs, Heller et al.’” reported that
the sensitivity of identifying IPAs increased from 29% to
76% on a blinded review of the original imaging. In par-
ticular, a polar feeding vessel was an important differen-
tiator, as this was present in 84% of IPAs, but in no
thyroid nodules.

Another reported differentiating feature on US is a
hyperechoic line on the ventral surface of the adenoma.
Two case series with 6-15 IPAs found that around 85% of
IPAs had a hyperechoic line,"*'” which was not found in
thyroid nodules.

On ultrasound, IPAs can also be seen as “complete
IPAs,” where they are completely enveloped by thyroid
tissue, or “partial IPAs” when >50% of the surface, but
not the whole surface, is covered by thyroid tissue.'*’
Partial IPAs appear to be more common than complete
IPAs, and account for a larger proportion of IPAs missed
by ultrasound.”"?

However, ultrasound is operator-dependent, and high
success rates in detecting IPAs are associated with experi-
enced radiologists.”' >

3.3.2 | Ultrasound-assisted fine needle

aspiration

Fine needle aspiration (FNA) of the lesion can provide
information on cell type, theoretically aiding diagnosis.
However, there is significant cytological and architectural
overlap between parathyroid and thyroid tissue, making
differentiation difficult on cytological analysis alone. Fea-
tures previously thought to indicate thyroid tissue such
as colloid, follicles, and perivacuolar granulation are pre-
sent in a high number of parathyroid samples.””** Many
parathyroid adenomas also share features with follicular,
papillary, and medullary thyroid cancer.>'

Positive immunocytochemical staining for chromo-
granin A (and synaptophysin) can be useful in delineat-
ing parathyroid cells,> but a sufficient quantity of
cellular aspirate is required. Chromogranin A is also pre-
sent in other cell types derived from a neuroendocrine
lineage—notably medullary thyroid cancer (MTC).>*
Here, a lack of calcitonin staining would push the differ-
ential away from MTC, just as a lack of thyroglobulin
staining would make follicular thyroid disease less likely.

Immunostaining of PTH in cells is possible but diffi-
cult because only a small amount of PTH is stored in indi-
vidual chief cells.>>** However, finding increased PTH
levels in the rinse aspirate obtained via FNA can provide
evidence of a parathyroid adenoma,*” with reported sensi-
tivities ranging from 82% to 94%.'**>° This can be partic-
ularly useful in differentiating thyroid nodules from IPAs,
which can appear similar on ultrasound."’

However, FNA has been linked to a high frequency of
fibrosis in the parathyroid gland.** This can make opera-
tive localization more difficult. It is common for patients
with IPA to have undergone previous unsuccessful neck
surgery,’*** making fibrotic tissue more likely and com-
pounding the issue. Reactive changes can also make the
gland adherent to surrounding structures, including the
recurrent laryngeal nerve (RLN), complicating dissec-
tion.*” Seven percent of IPAs have been noted to be adja-
cent to the RLN.? Fibrotic changes also create a
histological picture that overlaps with malignancy, mak-
ing differentiation more difficult microscopically.

3.3.3 | Nuclear Medicine imaging techniques
#MTechnetium-based scintigraphy (MIBI) has a well-
established role in localizing parathyroid adenomas, and com-
mon variants include planar, SPECT and SPECT/CT. Seven
studies reported using these techniques, with 1 specifying use
of SPECT/CT and 1 specifying use of SPECT (Table 2).
Studies with sample sizes of >10 IPAs have
shown that MIBI-based techniques have a sensitivity of
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60%-83% in detecting IPAs.”'%'>!>18 False positives can
be due to benign thyroid nodules and malignant thyroid
disease,”’ which can also retain radiotracer. False nega-
tives can be due to smaller adenomas and multiglandular
disease and correlate with normal serum Ca*" levels.*?
Positive sestamibi uptake in the thyroid in a patient with
biochemical and clinical evidence of primary hyperpara-
thyroidism should raise suspicion for an IPA. However,
due to varying accuracies, a negative scan in such a patient
should not be a reason to exclude this diagnosis, and fur-
ther investigation is advised. The use of multiple localiza-
tion techniques (e.g., US + sestamibi; US + sestamibi
+ CT) has been shown to result in a higher accuracy in
detecting IPAs than using each technique in isolation.'*"?

Newer nuclear medicine imaging modalities, includ-
ing ''C-methionine PET/CT, have been used in localizing
parathyroid adenomas.*>** ''C-methionine is a critical
amino acid in the composition of pre-pro-PTH, the pre-
cursor for parathyroid hormone. Consequently, it has
been linked to increased specificity for the parathyroid
gland.*> While our search did not identify any studies
that used this technique to localize IPAs, Met PET/CT
imaging can accurately identify other ectopic adenomas
in those with negative sestamibi imaging.*>** Other
radioisotopes are also being introduced. **F-fluorocholine
has the benefit of a longer half-life compared to
C-methionine.* It also has a more amenable positron
range, which gives it a higher spatial resolution than
99MTc MIBI and ''C-methionine based PET/CT imaging.
This allows the detection of smaller adenomas, including
intrathyroidal adenomas.*”*®

Nuclear medicine techniques can also be used intrao-
peratively to localize IPAs. Following preoperative injec-
tion with ®*™Tc-Sestamibi, a gamma probe can be used
during surgery to scan the thyroid for areas of increased
radionuclide uptake. Experience is required with this
technique to navigate background radionucleotide counts
and avoid false positives, but some centers have reported
high localization rates for ectopic adenomas, including
IPAs, using this technique.'®"?

3.34 | Computed tomography

Five studies described the use of computed tomography
(CT) in localizing IPAs (Table 2). In three studies with a
sample size <5 IPAs, CT was unable to correctly localize
IPAs in any case.'”'*** However, they did not provide
information on the underlying imaging features for these
cases. Therefore, it is unclear if CT imaging was
completely negative, or if a signal was present but inter-
preted as another pathology (e.g., thyroid nodule). On
noncontrast CT imaging, parathyroid adenomas

classically appear as distinct hypoattenuating nodules rel-
ative to the surrounding thyroid, and some IPAs do
appear in this manner.'” However, this is not a unique
feature as thyroid nodules can also be hypoattenuating
and can be mistaken for an IPA.*’ In conditions such as
Hashimoto's thyroid disease, lower iodine levels in the
gland can decrease the attenuation of the thyroid, mak-
ing it more challenging to differentiate parathyroid
adenomas.

Two studies reported that around 65%">"” of IPAs were
detected successfully using CT only. However, they also had
small sample sizes of <10 and did not provide details on the
underlying imaging features in successful cases. Using other
techniques in combination with CT, such as ultrasound
and/or sestamibi, as is typical in real-world practice, can
have higher success rates compared to CT alone."

No studies reported using 4D-CT in detecting IPAs.
However, 4D-CT can detect smaller parathyroid lesions
relative to MIBI and accurately identify ectopic parathy-
roid adenomas missed by scintigraphy and ultra-
sound.’>* IPAs tend to be smaller compared to normal
parathyroid adenomas.'” Differentials to IPAs in the thy-
roid can exhibit unique features on 4D-CT, particularly
with time-dependent contrast imaging, which can be
helpful in differentiation (Table 3).

As with ultrasound, the presence of a polar feeding
vessel can help with localization. This feature has been
reported in 60% of eutopic parathyroid adenomas on 4D-
CT,>* differing from the hilar blood supply associated
with lymph nodes.

3.3.5 | Magnetic resonance imaging

Two studies reported varying sensitivities of magnetic
resonance imaging (MRI) in detecting IPAs, ranging from
25% to 80%.'“** In these studies, the sample sizes for
MRI were small (<10) and unique imaging features of
IPAs were not reported. Eutopic adenomas often display
low-intensity signals on T1-weighted sequences, with
enhancement following contrast medium administration
and a high signal on T2 weighted sequences.’® In those
with iodine contrast allergies, it may offer a substitute for
CT scanning.

3.3.6 | Selective venous sampling

Selective venous sampling (SVS) is an invasive localiza-
tion technique where blood is sampled from veins drain-
ing the parathyroid gland. Sample sites include the
internal jugular, brachiocephalic, and the superior, mid-
dle, and inferior thyroid veins. Elevated PTH values at
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particular sample sites can be used to localize the IPA
with knowledge of drainage patterns.”” Due to its inva-
sive nature, this technique is rarely used and is often only
considered after inconclusive non-invasive imaging tests.
Our search identified two studies that reported the use of
SVS in detecting IPAs. Both had a sample size of <3 with
this technique and sensitivities varied from 33% to 100%
in locating IPAs.*>*

While this technique can allow a precise determination
of the site of elevated PTH levels, it is unable to differenti-
ate between parathyroid hyperplasia and parathyroid
adenoma. Other factors that prevent routine use include
the length and cost of the procedure.

3.3.7 | Emerging techniques

Parathyroid glands display autofluorescence in the infra-
red spectrum that can be picked up by a near-infrared
(NIR) camera or spectroscopy. When excited at a wave-
length of around 800 nm, parathyroid glands spontane-
ously emit light in the 820-830 nm range.”® This signal
usually greatly exceeds the fluorescence from surrounding
tissue such as the thyroid.® While there have been indi-
vidual case reports of using autofluorescence to success-
fully localize TPAs,>” we did not identify studies reporting
sensitivities and specificities for detecting this variant. On
NIR imaging, colloid nodules can have a high-intensity
signal and can be mistaken for an IPA.”® Moreover, some
complete IPAs can be deeply enveloped by the thyroid and
might be missed using this technique. Other techniques
trialed in detecting parathyroid glands include optical
coherence tomography (OCT) and the use of staining dyes
such as methylene blue and 5-aminolevulinic acid
(5-ALA).>*® However, operational complexities associated
with OCT, and reports of toxicity with staining agents
have limited their widespread use. We did not identify any
studies using these techniques to localize IPAs.

3.3.8 | Imaging features of important
differentials

Several structures can mimic IPAs on imaging. Thyroid
nodules frequently co-exist with IPAs' and several
reports have highlighted concurrent IPA and nonmedul-
lary thyroid carcinoma.®'~® Moreover, there have also
been several reports of intrathyroidal parathyroid
carcinoma.®*®” Other possible differentials include
benign and metastatic lymph nodes, where they might be
mistaken for partial IPAs if they are adjoining the thy-
roid. For reference, the differing features of IPAs and
potential differentials using common imaging techniques
are highlighted in Table 3.°5°%*
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3.4 | Surgical considerations

Eight studies provided information on surgical tech-
niques (lobectomy, thyroidotomy, and enucleation)
and/or intraoperative location of IPAs (Table 2).

341 | Lobectomy

Complete lobectomy involves removing one thyroid
lobe, while partial lobectomy involves removing only
part of one lobe. Both techniques have been reported to
excise IPAs'®?° with preference often dictated by how
confidently the surgeon can locate the IPA during sur-
gery. This is often challenging—fibrotic tissue from
previous surgical attempts to locate the adenoma can
make the operative field difficult to navigate. During
the operation, the thyroid can be palpated to locate a
potential IPA'® guided by localization techniques. If
this reveals a distinct lesion, partial lobectomy is some-
times attempted. If a lesion cannot be palpated, partial
or complete lobectomy may still be indicated, especially
if imaging/FNA suggests an IPA, and there is no evi-
dence of a eutopic adenoma or an ectopic adenoma at
other locations. In either case, a thorough search for all
four parathyroid glands before thyroid lobectomy, irre-
spective of negative findings from prior surgical
attempts, can reduce failure rates. Goodman et al.*°
studied a large cohort of 1000 patients with persistent
primary hyperparathyroidism following a first unsuc-
cessful surgery. At the end of the first surgery, approxi-
mately 75% had a thyroid lobectomy as a last resort to
remove a potential IPA. Lobectomy was performed
after failed attempts to localize a normal adenoma. At
reoperation, a normal adenoma (i.e., not intrathyroidal)
was found in the neck >99% of the time, highlighting
the need for careful dissection and searching. If the lat-
ter is performed comprehensively, including a thor-
ough search at other common ectopic sites such as the
retropharyngeal and trachea-esophageal areas, lobec-
tomy can have high success rates."

As ascertained from a systematic review, the risk of
clinical hypothyroidism after thyroid lobectomy is 4%.%
As a result, an appropriate level of suspicion for an IPA is
indicated before proceeding with lobectomy (e.g., after
thorough search for a eutopic adenoma is negative'>*'
and/or if the lesion has sufficient features of IPA on
imaging).

3.4.2 | Intraoperative location of IPAs

In a different cohort of 10 000 patients undergoing first-
time parathyroidectomy, Goodman et al. encountered
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72 IPAs and found that most (90%) were located in the
lower lateral quadrant of the thyroid, with 7% in the lat-
eral thyroid border adjacent to the recurrent laryngeal
nerve and only 3% in the superior pole.” Moreover, the
majority of IPAs (98%) were inferior parathyroid glands,
confirmed by locating the superior parathyroid on the
ipsilateral side; this finding has also been reported by sev-
eral others.' 18

However, the authors only counted complete IPAs
and did not include partial IPAs when reporting localiza-
tion. Partial IPAs could potentially be distributed more
frequently in other areas.

3.4.3 | Other excision techniques

Some centers have reported high success rates using
more targeted excision such as IPA enucleation or thyroi-
dotomy, instead of lobectomy.'®*® Targeted enucleation
relies on a more precise determination of location intra-
operatively, and these centers have used radio-guided
techniques, including gamma probes, to facilitate this.
Other advantages include a lower risk of bleeding intrao-
peratively and postoperatively compared to traditional
lobectomy. However, the use of gamma probes to aid
localization during surgery is operator-dependent and
requires experience.

Intraoperative PTH monitoring can also be used to
evidence IPA removal; some studies report that a high
number of IPAs (32%) were found on further exploration
following inadequate PTH drops after an excision.*

Minimally invasive parathyroidectomy is increasingly
used when imaging provides strong localizing evidence of
an adenoma. However, this is rarely the case for IPAs
and leaves little room for adequate surgical exploration.

3.5 | Histopathology

Two studies provided information on the size and weight
of IPAs on resection, or on their macroscopic and micro-
scopic appearances. Macroscopically, IPAs can be con-
firmed as complete or partial intrathyroid adenomas,
depending on the extent of thyroid envelopment. IPAs
also tend to be smaller than eutopic adenomas. In a
cohort of 53 IPAs, Mazeh et al.'® reported that IPAs had
a mean weight of 325 mg, almost two times lower than
the mean weight for non-intrathyroidal adenomas
(772 mg). Macroscopically, IPAs can have a well-circum-
scribed, nodular, or lobulated contour.” In a cohort of
10 IPAs, Chandramohan et al.’ reported that most had a
firm texture, had a tan/yellow appearance, and were cov-
ered by a thin capsule.

Microscopically, they can show features associated
with parathyroid adenomas, including regular arrange-
ments of chief cells punctuated by fine capillary net-
works.” However, they can also have high proportions of
oxyphil, transitional, or water-clear cells,*”*® although
the prevalence of this is unknown. Thyroid pathology,
including malignancy and nodular disease, is often seen
in the removed thyroid segment.’

4 | DISCUSSION

The aim of this review is to map the current literature on
intrathyroid parathyroid adenomas, focusing on areas of
clinical importance (e.g., imaging, surgical consider-
ations) and highlighting gaps for further research. Due to
the varied nature of the categories of information col-
lected (Table 1), a scoping review was deemed best suited
for this approach.

41 | Clinical presentation

Studies that reported clinical symptoms for IPAs tended
to focus on the type of symptom without commenting on
the severity of each symptom. Due to delays in diagnos-
ing ectopic parathyroid adenomas, patients with these
variants can present with progressive symptoms of hyper-
calcemia, such as severe bone disease.* Future studies
should consider noting the extent of PHPT features in
those with IPAs (e.g., recording the frequency of kidney
stones, as opposed to the presence of this feature alone).

4.2 | Localization techniques

Current imaging modalities available to localize IPAs
range from ultrasound to selective venous sampling. This
review also introduces emerging techniques including
autofluorescence. Imaging features of IPAs, particularly
on ultrasound, along with common differentials, are
highlighted in Table 3.

Despite a systematic literature search, data on imag-
ing features of IPAs, especially using modalities such as
4D-CT, ''C-Met PET/CT, SVS, and MRI are sparse. Fur-
ther studies using larger sample sizes will be required to
determine unique features and to discern sensitivities
and specificities. This will be useful in informing the
order of imaging tests to accurately localize IPAs. Due to
the rarity of this variant, multicenter studies combining
IPA cohorts might be required to achieve this goal.

Many studies using MRI and CT report very low accu-
racies.'”'* However, this is difficult to interpret due to
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small sample sizes. Additionally, these modalities are
often reserved for difficult cases where first-line imaging
with ultrasound +/— sestamibi is inconclusive, introduc-
ing a selection bias. In practice, imaging results from CT/
MRI are often interpreted in conjunction with results
from techniques such as ultrasound. When used in com-
bination, as is often the case in real-world practice, they
have a higher accuracy in detecting IPAs."?

Due to small sample sizes that make it difficult to
interpret reported sensitivities and specificities, future
studies should also consider reporting imaging features
of IPAs and comparing it to co-existing pathology
(e.g., thyroid nodules).

4.3 | Surgical considerations
and histopathological features

Techniques for removing IPAs include thyroid lobectomy
(partial or full), thyroidotomy and enucleation. For lobec-
tomy, higher success rates have been reported if it is per-
formed after a comprehensive search for normal
adenomas and other ectopic adenomas.”® Common
ectopic sites include the thymus, trachea-esophageal
groove, retropharyngeal space, and superior mediasti-
num.>’ Intraoperatively, evidence suggests most IPAs
correspond to the inferior parathyroid gland in the lower
thyroid lobe."*'*'*2° Less common but other possible
locations include the superior lobe and the dorsal surface
of thyroid lobe near the recurrent laryngeal nerve.

While there were a number of retrospective studies
that described a center's experience with a particular sur-
gical technique (i.e., lobectomy), there were no studies
that randomized IPAs into different surgical methods for
removal. The optimum technique likely depends on a
variety of patient, surgeon, and center-dependent factors.
For instance, a lack of fibrotic tissue could make an IPA
easier to locate intraoperatively and might allow partial
lobectomy. Alternatively, the availability of intraopera-
tive localization techniques such as gamma probes, and
experience using them, might facilitate enucleation.

An IPA can be “complete” when it is fully enveloped
by thyroid tissue, or “partial” when more than 50% of its
surface, but not the whole surface, is covered by thyroid
tissue. This categorization is important because the
accuracy of localization techniques such as ultrasound
varies with IPA type." In this review, some studies only
included complete IPAs, while others included both
complete and partial IPAs, but analyzed them together
(Table 2). Others did not specify the type of IPA
included. This makes it difficult to compare and inter-
pret reported localization accuracies between different
studies.

IPA type could also theoretically impact the success
rates of different surgical techniques. As partial IPAs are
not completely enveloped, they might be easier to visual-
ize during surgery and allow more targeted removal
(e.g., partial lobectomy or enucleation). Therefore, a study
with a high proportion of partial IPAs could report a high
success rate with these targeted techniques. However,
these findings might be less generalizable in a cohort with
a large number of complete IPAs, which can be well-
hidden in the thyroid. For these reasons, future studies
should clearly specify which type of IPAs they are includ-
ing, and should consider stratifying their IPA population
into these two groups and analyzing them separately.

5 | CONCLUSION

Our scoping review maps the current literature on IPAs,
focusing on clinical presentation, localization techniques,
and intraoperative factors. Imaging from one modality is
rarely conclusive on its own; overall impression from a
range of tests is often performed to guide management.
However, little data is available on imaging techniques
such as CT and MRI and is an area for further research.
While an IPA can be present throughout the thyroid, the
most common location appears to be in the inferior thy-
roid lobe, with most IPAs corresponding to the inferior
parathyroid gland. A thorough search for normal adeno-
mas and at other ectopic sites before thyroid lobectomy is
associated with higher success rates. Further research
should consider stratifying IPAs into complete and partial
subtypes and aim to compare the success rates of different
surgical techniques such as lobectomy and enucleation.
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