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Abstract: Background: It is difficult to distinguish parathyroid lesions (PLs) from thyroid lesions using
fine needle aspiration cytology (FNAC) because of their proximity and their similar cytomorphological
features. Methods: FNAC smears of 46 patients with pathologically proven PLs that were histologically
diagnosed as parathyroid adenoma (PA, n = 35), parathyroid hyperplasia (PH, n = 3), atypical parathyroid
adenoma (APA, n = 1), and parathyroid carcinoma (PC, n = 7) were retrospectively reviewed and
analyzed. Results: Our initial cytological diagnoses indicated correct diagnoses in 31 of 46 PL patients
(67%). The 15 erroneous diagnoses were 5 patients with non-specific benign disease (11%), 4 with
nodular hyperplasia of the thyroid (9%), 5 with atypical cells (11%), and 1 with a metastatic papillary
thyroid carcinoma (2%). Follicular pattern, papillary structures, colloid-like material, and macrophages,
which often suggest thyroid lesions, were also present in some PLs. We found that branching capillaries
along the papillary structures, stippled nuclear chromatin, and frequent occurrence of naked nuclei
were useful for determining a parathyroid origin. Conclusions: It is important to be aware that PLs are
frequently mistaken for thyroid lesions based on FNAC. The specific and unique characteristics of PLs
identified here may be helpful in diagnosis.

Keywords: parathyroid lesion; thyroid lesion; fine needle aspiration cytology; diagnostic pitfalls

1. Introduction

Parathyroid adenomas (not parathyroid carcinomas) are very common, probably a daily finding
in most endocrine clinics [1,2]. Attie et al. reported the first case in 1967, and subsequent researchers
have used this term in cases in which there was intraoperative discovery of one or more enlarged
parathyroid glands, without information on hyperparathyroidism [3-5]. Hyperparathyroidism is a
cause of hypercalcemia in females who are 30 to 50 years-old [6]. The most common abnormality in
most cases (80-85%) is a single parathyroid adenoma (PA), but other causes are parathyroid hyperplasia
(PH), multiple PAs, and rarely parathyroid carcinoma (PC) [7-9]. Real-time ultrasonography can easily
locate surrounding tissues, including the thyroid glands. Recently, the incidence of asymptomatic
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parathyroid lesions (PLs) has increased because of the increasing use of sono-guided fine needle
aspiration cytology (FNAC) of the thyroid [10,11]. However, hypoechoic nodules outside the thyroid
gland are not easily distinguished from lymph node enlargement or thyroid nodules in patients who
have PAs or multinodular goiters in the thyroid gland [12]. In particular, when the lesion is adjacent to
the back of the thyroid gland, it is not easy to distinguish thyroid nodules from parathyroid nodules [13].
Furthermore, it is very difficult to distinguish thyroid lesions and PLs based on cytological findings
without clinical evidence [14-16].

In cases where follicular patterns from thyroid lesions or cells similar to Hiirthle cells are present
in cytological smears, it can be difficult to distinguish thyroid lesions from PLs. Moreover, if FNAC is
performed without knowing the serum level of parathyroid hormone (PTH), it is even more difficult to
judge the follicular pattern as a cytomorphological feature of a PL. At present, if a FNAC of adjacent
nodules behind the thyroid gland leads to ambiguity in identifying the cells as from the thyroid or
parathyroid gland, then immunohistochemistry (IHC) is performed. However, IHC analysis is not
always available in FNAC material. Although it is not always easy to accurately diagnose PLs by
FNAC in clinically ambiguous lesions, including the thyroid gland, parathyroid gland, and lymph
nodes, it is extremely important to consider the possibility of PLs as an expectation in some clinical
diagnoses. Accordingly, an accurate diagnosis of PLs requires careful examination.

In this study, we compared the cytological, nuclear, cytoplasmic, and background features of
FNAC samples of histologically confirmed PLs to identify FNAC features useful for the diagnosis
of PLs.

2. Materials and Methods

Forty-six patients with confirmed histological diagnosis of PL from January 2007 to December
2018 were identified in the database of the Korea Cancer Center Hospital. FNAC was performed in
all 46 patients prior to surgical resection. The records of these 46 patients, which had histological
diagnoses of PA (n = 35), PH (n = 3), atypical parathyroid adenoma (APA; n = 1), and PC (n = 7),
were reviewed and compared with the corresponding cytological diagnoses.

FNAC was used to obtain cell samples via a 22-25 gauge needle with a 10 mL disposable syringe
attached under negative pressure [17]. The sample was put onto 4 glass slides, smeared, and immediately
fixed in 95% ethanol. To reduce false-negative diagnoses, the syringe and needle were rinsed with
normal saline solution to remove residual material for making a cell block from the aspirate [18].
FNAC smear slides were stained using an automated Papanicolaou stainer (Thermo Scientific, Walldorf,
Germany), and cell blocks were cut into 4-um sections and then stained with hematoxylin and eosin.
IHC staining was performed with a Bond-III automatic slide stainer (Leica Biosystems Melbourne
Pty, Ltd. VIC, Melbourne, Australia) using a cell block when differential diagnosis was required.
Smears were available for all 46 patients, and cell blocks were available for 45 patients.

FNAC and histological diagnoses of all 46 patients were compared, and cytological details were
evaluated for the different histological groups. The cytological analysis focused on architectural,
nuclear, cytoplasmic, and background features. The architectural features evaluated were follicular
structures, papillary-like clusters with vascular cores, loose clusters, tight clusters, and dispersed
cells. The nuclear features analyzed were stippled chromatin, nucleoli, nuclear grooves, intranuclear
pseudoinclusions, and anisonucleosis. The cytoplasmic features analyzed were granularity and
oxyphilic change. The background features evaluated were colloid, colloid-like material, macrophages,
lymphoid cells, and bare nuclei.

This study was approved by the Institutional Review Board of the Korea Cancer Center Hospital,
with a waiver of informed consent (IRB FILE No. 2018-03-006).
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3. Results

3.1. Analysis of Parathyroid Lesions (PLs) Using Ultrasound-Guided FNAC

We reviewed the records of 10 males and 36 females who underwent parathyroidectomy from
January 2007 to December 2018. Their ages ranged from 27 to 71 years (mean: 48.6); 12 patients were
under 40 years, 14 were 41 to 50 years, and 20 were older than 51 years. The mean tumor size was
2.0 cm (range: 0.2-5.6 cm); 29 tumors were less than 2.0 cm, 10 were 2.0 to 3.0 cm, 7 were larger
than 3.0 cm, and the largest was 5.6 cm. Six patients had lesions in the normal parathyroid position,
29 had lesions in the thyroid, 9 had paratracheal lesions, and 2 had lesions in the neck. Most lesions
(87%) were in unexpected sites. Therefore, recognizing their unusual locations was the first step
in avoiding misdiagnosis. By ultrasonographic evaluation, 33 out of 46 patients were suggested as
parathyroid lesion, and the remaining 13 cases represented various sonographic diagnoses including
papillary thyroid carcinoma, tuberculous lymphadenopathy, and so on (Table 1). MIBI scintigraphy
was performed on 39 patients, and 36 of them showed the results compatible with parathyroid adenoma
(Table 1). Although imaging work-ups may provide a guideline for preoperative diagnosis, FNAC and
imaging methods would play complementary roles for diagnosis of parathyroid lesions.

Table 1. Clinical findings of parathyroid lesions in 46 cases.

Characteristics No. of Cases (%)
Gender Male 10 (22)
Female 36 (78)
Age (mean age 48.6) <40 12 (26)
41-50 14 (30)
>51 20 (44)
Size of the lesion (range 0.2-5.6 cm) <2.0 cm 29 (63)
2.0-3.0 cm 10 (22)
>3.0 cm 7 (15)
Location Normal parathyroid position 6 (13)
Intrathyroidal 3(6)
Posterior to thyroid gland 16 (35)
Inferior to thyroid gland 10 (22)
Paratracheal 9 (20)
Neck 2 (4)
Ultrasonography Parathyroid lesion 33 (72)
Nodular hyperplasia of
thyroid 6(13)
Papillary thyroid carcinoma 2(4)
Lymph node metastasis 2(4)
TB lymphadenopathy 1(2)
Suture granuloma 1(2)
Indeterminate nodule of 1)
thyroid
MIBI scintigraphy Parathyroid adenoma (PA) 36 (92)
No evidence of PH or PA 2 (5)
Adenomatous goiter, more 1)
likely than PA
Not done 7

No., number; TB, tuberculosis; PH, parathyroid hyperplasia.
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3.2. Serum PTH and Ionized Calcium Levels

At the time of the FNAC, the levels of serum PTH (normal range: 14 to 72 pg/mL) and ionized
calcium (normal range: 4.48 to 4.92 mg/dL) were available for 45 patients (Table 2). The serum PTH
level was normal in 4 patients (28.5 to 52.7 pg/mL) and elevated in 41 patients (83 to more than
1900 pg/mL). The four patients within the normal limits all had parathyroid adenomas. The serum
ionized calcium level was elevated in 40 patients (4.93 to 6.26 mg/dL) but were not elevated in 3 patients
with parathyroid adenomas and in 1 patient with parathyroid hyperplasia.

Table 2. Serum PTH and calcium levels according to histological diagnoses.

) o . PTH Level Ionized Calcium Level

Histologic Diagnosis No. of Cases (%) No. of Cases (%)
No. of Cases (%) . .
High Normal High Normal

PH, n =3 (%) 3 (100) 0(0) 2 (67) 1(33)
PA, n =34 (%) 30 (88) 4(11) 31(91) 309
APA,n=1 (%) 1 (100) 0(0) 1 (100) 0(0)
PC,n=7 (%) 7 (100) 0(0) 6 (86) 1(14)
Total, n = 45 (%) 41 (91) 4(9) 40 (89) 5(11)

PTH, parathyroid hormone; PH, parathyroid hyperplasia; PA, parathyroid adenoma; APA, atypical parathyroid
adenoma; PC, parathyroid carcinoma; No., number.

3.3. Comparison of Histological and Initial Cytological Diagnoses

We reviewed the surgical resection results to analyze the relationship of cytological and histological
diagnoses (Table 3). The results indicated 3 patients had PH, 35 had PAs, 1 had an APA, and 7 had PCs.
Thus, PLs were correctly diagnosed by FNAC in 31 patients (67%) and misdiagnosed in 15 patients
(33%). The erroneous cytological diagnoses were in five patients with benign (non-specific) growths
(11%), four (9%) with nodular hyperplasia of the thyroid, five (11%) with atypical cells, and one (2%)
with a metastatic papillary thyroid carcinoma (PTC). These 15 erroneous cytological diagnoses were
attributed to low cellularity in 6 patients and to misinterpretation of the findings as a thyroid lesion in
the other 9 patients.

Table 3. Comparison of initial cytologic and histologic diagnoses.

Histological Diagnosis

Initial FNAC Diagnosis No. of Cases (%)
No. of Cases (%) PH PA APA PC
n=23(%) n =35 (%) n=1(%) n =17 (%)
Parathyroid neoplasm
31 (67) 2(67) 21 (60) 1 (100) 7 (100)
Benign (non-specific)
5(11) 0(0) 5(14) 0(0) 0(0)
Nodular hyperplasia of thyroid
4(9) 1(33) 3(9) 0(0) 0(0)
Atypical cells
5(11) 0(0) 5(14) 0(0) 0(0)
Metastatic PTC
1(2) 0(0) 1(3) 0(0) 0(0)

PH, parathyroid hyperplasia; PA, parathyroid adenoma; APA, atypical parathyroid adenoma; PC, parathyroid
carcinoma; Metastatic PTC, metastatic papillary thyroid carcinoma; No., number.
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3.4. Cytomorphological Features

The cellularity of most aspirates was moderate (28/46, 61%) or high (10/46, 22%) but was low in
eight aspirates (17%). For each histologically proven PL, we reviewed cytological features, focusing on
the architectural, nuclear, cytoplasmic, and background features (Table 4).

Table 4. Cytologic features in aspirates according to the histologic diagnosis.

Histologic Diagnosis

Cytologic Characteristics No. of Cases (%)

PH PA APA PC Total
n=23(%) n =35 (%) n=1(%) n=7(%) n =46 (%)
Architecture Follicular structures 0(0) 14 (40) 0(0) 0(0) 14 (30)
Papillary-like cluster
with vascular core 1(33) 23 (66) 1 (100) 7 (100) 32 (70)
Tight clusters 2 (67) 21 (60) 1 (100) 6 (86) 30 (65)
Loose clusters 3 (100) 28 (80) 1 (100) 7 (100) 39 (85)
Dispersed cells 1(33) 18 (51) 0(0) 4 (57) 23 (50)
Nuclei Anisonucleosis 1(33) 17 (49) 0(0) 6 (86) 24 (52)
Stippled chromatin 3 (100) 35 (100) 1 (100) 7 (100) 46 (100)
Nucleoli 2 (67) 22 (63) 0(0) 6 (86) 30 (65)
Intranuclear
pseudoinclusions 0 720 00 > (1) 1226)
Nuclear grooving 1(33) 5(14) 0(0) 3 (43) 9 (20)
Cytoplasm Vacuolation 0(0) 2 (6) 0(0) 2 (29) 49
Granularity 3 (100) 35 (100) 1 (100) 7 (100) 46 (100)
Oxyphilic 0(0) 7 (20) 0(0) 0(0) 7 (15)
Background Colloid-like material 1(33) 7 (22) 0(0) 3 (43) 11 (24)
Macrophages 1(33) 4 (13) 0(0) 3 (43) 8 (17)
Bare nuclei 3 (100) 29 (83) 1 (100) 7 (100) 40 (87)

PH, parathyroid hyperplasia; PA, parathyroid adenoma; APA, atypical parathyroid adenoma; PC, parathyroid
carcinoma; No., number.

3.4.1. Architectural Features

Architectural features observed on FNAC smears were classified into follicular structures,
papillary-like clusters with vascular cores, loose clusters, tight clusters, and dispersed cell patterns,
and analyzed according to histological diagnosis. Follicular structures were present in 40% (14/35) of
the PAs, but were not present in any of the patients with PH, APA, or PC (Figure 1a). Thus, a PA might
be mistaken for a thyroid lesion based on FNAC (Figure 1b). Prominent papillary-like clusters with
vascular cores and branching capillaries along the papillary structures (Figure 2a—c) were present in
33% (1/3) of patients with PH, 66% (23/35) of patients with PAs, and in 100% of patients with APA (1/1)
and PCs (7/7). Although these features were not observed in all PLs, they are considered one of the most
typical cytological characteristics of PLs. The vascular cores in the papillary fragments of PLs differed
from the papillary structures in the aspirates of thyroid lesions (Figure 2d). Papillary clusters seen in
nodular hyperplasia of thyroid showed tightly and regularly arranged follicular cells and usually did
not show vascular cores. Moreover, the edges of papillary clusters of thyroid nodular hyperplasia
were well circumscribed. On the other hand, the papillary-like structures found in parathyroid lesions
contained prominent vascular cores with frequently branching vascular pattern, and frayed edges
with or without clinging cells (Figure 2). Compared to papillary fragments of PLs, papillary thyroid
carcinomas (PTC) tended to show rather monolayered papillary sheets, rarely with prominent vascular
cores. Therefore, the presence of prominent vascular cores raises the suspicion of parathyroid lesions
rather than thyroid lesions.
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Figure 1. Aspirates of parathyroid adenoma. (a) Follicular-like pattern and (b) trabecular pattern
mimicking follicular adenoma of thyroid. (a,b): 400X magnification.

Figure 2. Comparison of papillary-like clusters of PLs and thyroid lesion. (a—c) Branching capillaries
are aligned along the papillary structures of PLs. (d) Papillary-like clusters of nodular hyperplasia of
thyroid. (a): 100X, (b): 400X, (c): 250x (d): 200x magnification.

Tight clusters are also important cytomorphological features for differentiating PLs from thyroid
lesions (Figure 3a). The tight clusters in the aspirate of a thyroid follicular neoplasm differed from a PL
in that they appeared as small three-dimensional clusters (Figure 3d). A dispersed cell pattern was
also common (Figure 3b). In one patient, the smears only showed dissociated epithelial cells without
cell clusters, thus mimicking lymphoid cells. Cells arranged as cohesive cell clusters with bare nuclei
in the background were characteristic (Figure 3c). If these findings are present on the same smears,
they may be very helpful for the diagnosis of PL.
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Figure 3. Comparison of architectural features of PLs and thyroid lesion. (a) Tight cohesive clusters of
PL (b) Loose clusters and bare nuclei in the background of PL (c) Naked nuclei admixed with cohesive
cell clusters of PL. (d) Monolayered sheets of benign follicular cells and colloid in the thyroid lesion.
(a): 100x, (b): 200X, (c): 400x, (d): 200x magnification.

3.4.2. Nuclear Features

Our analysis of nuclear features indicated that a stippled chromatin pattern was present in all
46 patients, and this is regarded as an important feature for differentiating parathyroid (Figure 4a) and
thyroid hyperplasia (Figure 4b). We also observed anisonucleosis, nucleoli, and nuclear grooving in
some patients who had PH, PA, and PC (Table 4). We observed intranuclear pseudoinclusions (regarded
as characteristics of papillary thyroid carcinoma) in 20% (7/35) of the PA patients and in 71% (5/7) of
the PC patients. Nuclear grooving was also present 33% (1/3) of PH patients, 14% (5/35) of PA patients,
and 43% (3/7) of PC patients. The appearance of intranuclear pseudoinclusions in PLs could lead to
misidentification as a PTC, although no such misdiagnoses occurred in our study. Interestingly,
our analysis indicated that the nuclear characteristics of thyroid lesions, such as intranuclear
pseudoinclusions and/or nuclear grooving (Figure 4d), were also present in some cytological smears
of PLs (Figure 4c); however, there were differences in the nuclear chromatin pattern, in that PLs had
stippled chromatin and papillary thyroid carcinomas typically have ground-glass chromatin.

3.4.3. Cytoplasmic Features

We found that the cytoplasm had a characteristic granularity in all 46 patients (Figure 5a—c).
However, oxyphil cells (which have abundant eosinophilic cytoplasm) were present in seven patients
(Figure 5a—c), and these cells can make it difficult to differentiate a PL from a thyroid lesion with
oxyphilic changes (Figure 5d). We identified paranuclear intracytoplasmic vacuoles in the oxyphilic
cytoplasm in four patients (Figure 5c).

3.4.4. Background and Extracellular Material

Eleven lesions (24%) had inspissated extracellular colloid-like material in the cell nests (Figure 6a),
and eight lesions (17%) had macrophages in the background (Figure 6c). They were similar to the
findings in the NH of thyroid (Figure 6b,d). However, microfollicular formation containing colloid-like
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material can be shown in both parathyroid and thyroid lesions, but macrofollicular formation was only
seen in thyroid but not in parathyroid aspirates (Figure 6b).

Figure 4. Comparison of nuclear features of PLs and thyroid lesions. (a) Three-dimensional clusters with
stippled chromatin (arrow) of PL. (b) Finely granular chromatin of thyroid. (¢) Abundant cytoplasm
with intranuclear pseudoinclusions (arrowhead), nuclear grooving (arrow) of PL. (d) Intranuclear
pseudoinclusions (arrow) of thyroid. (a,b): 400X, (c,d): 1000x magnification.

Figure 5. Comparison of cytoplasmic granularity of PLs and thyroid lesion. (a—c) Cytoplasmic
granularity within the cluster of PLs. (c) A paranuclear intracytoplasmic vacuole (dotted circle) in the
oxyphilic cytoplasm of PL. (a—d): 400X magnification.
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Figure 6. Comparison of background and extracellular material of PLs and thyroid lesions. (a) Inspissated
colloid-like material (arrow) in the PL cell nest mimicking (b) the colloid (arrow) of thyroid lesion.
(c,d) Macrophages and bare nuclei are found in the background. (a—d): 400X magnification.

3.5. IHC Staining Results

We performed IHC staining on cell blocks from 30 patients to determine if the origin was the
thyroid or parathyroid. All 30 samples were positive for parathyroid hormone (PTH) (Figure 7b) and
negative for thyroglobulin (TG) (Figure 7c) and thyroid transcription factor-1 (TTF-1) (Figure 7d),
thus confirming they were PLs. Among the other samples, IHC could not be performed in six of them
because of the low cellularity; PLs were diagnosed in five patients without performing IHC; and IHC
was not performed at the time of FNAC in the other five patients, because PL was not suspected.

Figure 7. Hematoxylin and eosin (H&E) and IHC staining in the cell blocks. (a) H&E; (b) parathyroid
hormone (PTH), positive; (c) thyroglobulin (TG), negative (d); thyroid transcription factor-1 (TTF-1),
negative. (a—d): 400X magnification.
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4. Discussion

There are difficulties in the diagnosis of PL from FNAC, because the thyroid and parathyroid are
adjacent and have similar cellular morphology [19-22]. In particular, the differential diagnosis of a
parathyroid tumor by FNAC is difficult if PL is not suspected based on other clinical and radiological
findings. This confusion is due to the presence of papillary-like architectures, microfollicular cells,
macrophages, inspissated colloid-like material, oxyphilic cytoplasm, and naked nuclei in FNAC.
We therefore examined the cytological characteristics of PLs in an effort to identify the possible causes
of errors in the differential diagnosis of PLs from cytologically similar thyroid lesions.

Two reviews of this subject reported poor diagnostic sensitivities for FNAC (65% and 40.4%),
whereas Halbauer et al. reported that FNAC had a diagnostic sensitivity of 86% [19,23,24]. Our results
showed a 67% agreement in the diagnosis of PL from cytology and histology. We also found that
erroneous diagnoses were most common for benign (non-specific) lesions (11%; 5/46) and atypical
cells (11%; 5/46), followed by nodular hyperplasia of thyroid (9%; 4/46), and metastatic papillary
thyroid carcinoma (2%; 1/46). The primary clinical concern is the capacity to differentiate PLs from
thyroid lesions.

Our results indicated that the presence of follicular structures, oxyphilic cells, macrophages,
and colloid-like material in smears was most likely to lead to misinterpretation of a PL as a thyroid
lesion. In their reviews, Kini et al. and Abati et al. concluded that macrophages and inspissated
colloid-like material were specific to thyroid lesions [23-25]. However, we found these in 12% and 18%
of our PL cases, respectively; Bondeson et al. reported them in 21% and 10% of lesions, respectively;
and Tseng et al. reported them in 24% and 9% of lesions, respectively [11,23,25]. Changes in Hiirthle
cells in thyroidal follicular cells appear similar to changes in oxyphil cells in PLs, and this could lead
to misinterpretation [8,25,26]. Some studies of the parathyroid showed that colloid-like material and
the presence of macrophages, particularly macrophages with cytoplasmic hemosiderin, cannot be
used to differentiate thyroid and parathyroid tumors [23-25]. The existence of colloid-like substances
and/or macrophages is obviously insufficient to exclude a PL [6]. Our study also indicated that many
patients had follicular architecture (30%), colloid-like material (24%), macrophages (17%), and oxyphilic
cytoplasm (15%). In addition, FNAC led to misdiagnosis in three patients without clinical suspicion
of PLs as nodular hyperplasia of the thyroid. We found it was especially difficult to differentiate
a PL from a thyroid lesion when microfollicular features were present. Thus, use of these findings
could be a major pitfall that prevents the correct diagnosis of PL. In terms of architectural features,
many of our patients had papillary-like clusters with vascular cores (70%), loose clusters (85%), tight
clusters (65%), and dispersed cells (50%). The papillary structures of PLs differ from those of papillary
thyroid carcinoma in that the PLs have vascular cores. Thus, the presence of prominent papillary-like
clusters with vascular proliferation attached within epithelial cells, loose or tight clusters, scattered
cells, and the absence of definitive thyroid tumor cells were all useful clues to a parathyroid origin.

We found variable amounts of stippled chromatin in the nuclei of all 46 patients. Furthermore,
the nuclei of PLs were more hyperchromatic than those of thyroid lesions, such as papillary thyroid,
nodular hyperplasia, and follicular neoplasm. In addition, although intranuclear pseudoinclusions are
an important diagnostic clue in FNAC of the thyroid [27], we identified intranuclear pseudoinclusions
in 20% (7/35) of PLs with a histological diagnosis of PA and in 71% (5/7) of PLs with a histological
diagnosis of PC. There were some previous reports that intranuclear inclusions were not present in
cytological preparations of PLs [11,25,28], although Goellner et al. and Bondeson et al. reported
intranuclear inclusions in parathyroid neoplasms [27,29]. Our study confirmed that intranuclear
inclusions may occur in PLs and thus stressed the need for clinicians to consider thyroid lesions and
parathyroid diseases when intranuclear inclusions are evident in FNAC.

Another important feature is the presence of a finely granular eosinophilic cytoplasm, which was
also present in all 46 cases. This feature could be misinterpreted as a thyroid Hiirthle cell neoplasm.
In fact, 40 of 46 PLs (87%) had naked nuclei in the background on FNAC. Importantly, when considering
the possibility of a parathyroid neoplasm, the appearance of numerous naked nuclei in the background
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may help [30]. Dimashkieh and Krishnamurthy [19] also reported that the presence of numerous
naked nuclei, rather than thyroid follicular cells, with a prominent vascular network, epithelial cells,
and stippled chromatin were indicative of a parathyroid origin [21,31,32].

Our retrospective analysis suggests the possibility that a PL should not be excluded in examinations
of thyroid lesions, even if not supported by clinical or radiographic findings. It is important to
comprehensively assess findings that are valuable in the differential diagnosis, because many of the
cytological findings of parathyroid tumors are similar to those of thyroid tumors, and there is no single
unique diagnostic finding. Although the literature on the subject of parathyroid FNAC is limited,
most authors stress that there is no specific diagnostic criterion that accurately differentiates PLs from
thyroid lesions, and that diagnosis should consider a variety of cytomorphological characteristics [29,30].
Bondeson et al. and Absher et al. reported that the most useful criteria for identification of parathyroid
cells may be the presence of naked nuclei, nuclear overlapping, nuclear molding, three-dimensional
fragments, cohesive cell clusters, and mast cells [29,33].

Our analysis indicated the appearance of papillary-like clusters with prominent vascular cores,
three-dimensional clusters, nuclei with stippled chromatin, cytoplasmic granularity within the cluster,
naked nuclei in the background, and tight clusters were helpful in the diagnosis of PLs from FNAC.

Finally, IHC analysis can help differentiate parathyroid and thyroid cells [34]. Although neuroendocrine
markers such as chromogranin-A, synaptophysin, and CD56 are commonly used, they have limitations
in specificity [35]. Recently GATA-3 and parafibromin have been known to have a role in the
pathogenesis of parathyroid diseases, and these markers have been attempted to be used in the
diagnostic field of parathyroid tumors. However, the role of these markers needs to be further
elucidated [35]. A panel of PTH and TG or TTF-1 is considered to be the only reliable tool in
separating parathyroid from thyroid cells [35]. Furthermore, the utility of using needle rinse PTH
measurements to confirm suspected PLs is a practical way to help distinguish PLs from thyroid
proliferation [36]. Nevertheless, in the literature and reviewers” experience, the reliable distinction
is impossible without the use of IHC, either on CBs or direct smears, with parathormone and
TG/TTF-1 as crucial markers. The modified scrape cell block (SCB) technique also demonstrated strong
immunosensitivity preservation and contributed to a correct cytological diagnosis with conventional
smears in 97.6 percent of all FNA [37]. Nonetheless, IHC is not always possible when the cell blocks have
low cellularity or if the cells have low storage levels of PTH [36,38,39]. Therefore, a cytomorphological
approach is still valuable.

5. Conclusions

Our study identified important diagnostic clues and pitfalls that should be considered in the
differential diagnosis of PLs and thyroid lesions based on FNAC. The presence of follicular structures,
colloid-like material, or macrophages in FNAC samples are major pitfalls that can lead to the
misdiagnosis of a PL as a thyroid lesion. However, a stippled chromatin pattern of nuclei, papillary-like
clusters with vascular cores and clinging epithelial cells, high prevalence of naked nuclei, and tight
clusters and/or loose clusters are useful diagnostic clues that favor a parathyroid origin. The similar
locations and cytological findings of PLs and thyroid lesions in FNAC complicate the differential
diagnosis. Thus, clinicians should consider the major pitfalls and diagnostic clues identified here.

Author Contributions: Conceptualization, H.J.H., EJ.K,, LN,,].S.K,, and S.-S.L.; methodology, HJ.H., ].-5.K., and
M.-S.S.; investigation, H.J.H., ].-S. K., M.-5S,, S.P, ].S K., and S.-S.L.; data curation, HJ.H., EJ.K,, ].-SK., M.-S.S.,
J.S.K,, and S.-S.L.; writing—original draft preparation, H.].H.; writing—review and editing, H.J.H., EJ.K,, and
S.-S.L.; visualization, H.].H., J.-S.K., S.P, and S.-S.L.; supervision, I.N., ].5.K., and S.-S.L.; project administration,
H.J.H., LN, and S.-S.L. All authors have read and agreed to the published version of the manuscript.

Funding: This study was partly supported by a grant from the Korea Institute of Radiological and Medical
Sciences (KIRAMS), funded by the Ministry of Science and ICT (MSIT), Republic of Korea (50551-2020). This work
was partly supported by Seoul National University of Science and Technology, Korea, funded by a grant from the
National Research Foundation of Korea (NRF) (2019R1H1A2101084).

Conflicts of Interest: The authors have no conflict of interest to declare.



Medicina 2020, 56, 558 12 0f13

References

1. Baloch, Z.W.; LiVolsi, V.A. Pathology of the parathyroid glands in hyperparathyroidism. Semin Diagn Pathol.
2013, 30, 165-177. [CrossRef]

2. Mizamtsidi, M.; Nastos, C.; Mastorakos, G.; Dina, R.; Vassiliou, I, Gazouli, M.; Palazzo, F.
Diagnosis, management, histology and genetics of sporadic primary hyperparathyroidism: Old knowledge
with new tricks. Endocr. Connect. 2018, 7, R56-R68. [CrossRef]

3. Attie, J.; Estrin, J.; Khafif, R.; Dweck, E Parathyroid adenomas discovered incidentally during explorations of
the thyroid. Am. J. Surg. 1967, 114, 538-542. [CrossRef]

4. Heo, L;Park, S.; Jung, CW.; Koh, ].S.; Lee, S.-S.; Seol, H.; Choi, H.S.; Cho, S.Y. Fine needle aspiration cytology
of parathyroid lesions. Korean J. Pathol. 2013, 47, 466—471. [CrossRef]

5. Ghervan, C.; Silaghi, C.A.; Nemes, C. Parathyroid incidentaloma detected during thyroid sonography-
prevalence and significance beyond images. Med. Ultrason 2012, 14, 187-191.

6.  Zanocco, K.A ; Yeh, M.W].E,; Clinics, M. Primary hyperparathyroidism: Effects on bone health. Endocrinol. Metab.
Clin. N. Am. 2017, 46, 87-104. [CrossRef]

7. Silverberg, S.J. Natural history of primary hyperparathyroidism. Endocrinol. Metab. Clin. N. Am. 2000, 29,
451-464. [CrossRef]

8.  Tseng, E-Y,; Hsiao, Y.-L.; Chang, T.-C. Ultrasound-guided fine needle aspiration cytology of parathyroid
lesions. A review of 72 cases. Acta Cytol. 2002, 46, 1029-1036. [CrossRef] [PubMed]

9.  Prasad, M.L,; Khan, A. Tumors of parathyroid gland. In Surgical Pathology of Endocrine and Neuroendocrine
Tumors; Khan, A., Ed.; Humana Press: New York, NY, USA, 2009; pp. 99-110.

10. Frasoldati, A.; Pesenti, M.; Toschi, E.; Azzarito, C.; Zini, M.; Valcavi, R. Detection and diagnosis of parathyroid
incidentalomas during thyroid sonography. J. Clin. Ultrasound 1999, 27, 492-498. [CrossRef]

11. Liu, E; Gnepp, D.R.; Pisharodi, L.R. Fine needle aspiration of parathyroid lesions. Acta Cytol. 2004, 48,
133-136. [CrossRef] [PubMed]

12. Han, M.G.; Yoon, ].H.; Kim, S.J.; Kim, H.K.; Cho, ].S.; Kang, H.-C. Comparison of Ultrasonography and
99m Tc-sestamibi scan for preoperative localization of parathyroid adenoma. Korean J. Med. 2015, 89, 48-53.
[CrossRef]

13. Sacks, B.; Pallotta, J.; Cole, A.; Hurwitz, J. Diagnosis of parathyroid adenomas: Efficacy of measuring
parathormone levels in needle aspirates of cervical masses. AJR Am. ]. Roentgenol. 1994, 163, 1223-1226.
[CrossRef] [PubMed]

14. Friedman, M.; Shimaoka, K.; Lopez, C.; Shedd, D.]. Parathyroid adenoma diagnosed as papillary carcinoma
of thyroid on needle aspiration smears. Acta Cytol. 1983, 27, 337. [PubMed]

15. Layfield, L.J. Fine needle aspiration cytology of cystic parathyroid lesions. A cytomorphologic overlap with
cystic lesions of the thyroid. Acta Cytol. 1991, 35, 447—450.

16. Marco, V.; Carrasco, M.; Marco, C.; Bauza, A. Cytomorphology of a mediastinal parathyroid cyst. Report of a
case mimicking malignancy. Acta Cytol. 1983, 27, 688-692.

17.  Kim, M.J,; Kim, E.-K,; Park, S.I; Kim, B.M.; Kwak, ].Y.; Kim, S.J.; Youk, ].H.; Park, S.H. US-guided fine-needle
aspiration of thyroid nodules: Indications, techniques, results. Radiographics 2008, 28, 1869-1886. [CrossRef]

18. Nathan, N.A.; Narayan, E.; Smith, M.M.; Horn, M.]. Cell block cytology: Improved preparation and its
efficacy in diagnostic cytology. Am. J. Clin. Pathol. 2000, 114, 599-606. [CrossRef]

19. Dimashkieh, H.; Krishnamurthy, S. Ultrasound guided fine needle aspiration biopsy of parathyroid gland
and lesions. Cytojournal. 2006, 28, 3:6.

20. Lowhagen, T. Cytologic presentation of thyroid tumors in aspiration biopsy smear. A review of 60cases.
Acta Cytol. 1974, 18, 192-197.

21. Tsai, T.-H.; Chang, T.-C.; Chiang, C.-P. Nuclear area measurements of parathyroid adenoma, parathyroid
hyperplasia and thyroid follicular adenoma. A comparison. Anal. Quant. Cytol. Histol. 1997, 19, 45-48.

22. Wong, N.; Mihai, R.; Sheffield, E.A.; Calder, C.J.; Farndon, J.R. Imprint cytology of parathyroid tissue in
relation to other tissues of the neck and mediastinum. Acta Cytol. 2000, 44, 109-113. [CrossRef] [PubMed]

23. Agarwal, C.; Kaushal, M. Parathyroid lesions: Difficult diagnosis on cytology. Diagn Cytopathol. 2016, 44,
704-709. [CrossRef] [PubMed]

24. Kini, U,; Shariff, S.; Thomas, ].A. Ultrasonically guided fine needle aspiration of the parathyroid. A report of

two cases. Acta Cytol. 1993, 37, 747-751.


http://dx.doi.org/10.1053/j.semdp.2013.06.003
http://dx.doi.org/10.1530/EC-17-0283
http://dx.doi.org/10.1016/0002-9610(67)90013-X
http://dx.doi.org/10.4132/KoreanJPathol.2013.47.5.466
http://dx.doi.org/10.1016/j.ecl.2016.09.012
http://dx.doi.org/10.1016/S0889-8529(05)70145-6
http://dx.doi.org/10.1159/000327103
http://www.ncbi.nlm.nih.gov/pubmed/12462078
http://dx.doi.org/10.1002/(SICI)1097-0096(199911/12)27:9&lt;492::AID-JCU2&gt;3.0.CO;2-H
http://dx.doi.org/10.1159/000326305
http://www.ncbi.nlm.nih.gov/pubmed/15085742
http://dx.doi.org/10.3904/kjm.2015.89.1.48
http://dx.doi.org/10.2214/ajr.163.5.7976905
http://www.ncbi.nlm.nih.gov/pubmed/7976905
http://www.ncbi.nlm.nih.gov/pubmed/6575552
http://dx.doi.org/10.1148/rg.287085033
http://dx.doi.org/10.1309/G035-P2MM-D1TM-T5QE
http://dx.doi.org/10.1159/000326346
http://www.ncbi.nlm.nih.gov/pubmed/10740592
http://dx.doi.org/10.1002/dc.23508
http://www.ncbi.nlm.nih.gov/pubmed/27246113

Medicina 2020, 56, 558 13 0f 13

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Abati, A.; Skarulis, M.C.; Shawker, T.; Solomon, D. Ultrasound-guided fine-needle aspiration of parathyroid
lesions: A morphological and immunocytochemical approach. Hum. Pathol. 1995, 26, 338-343. [CrossRef]
Mincione, G.; Borrelli, D.; Cicchi, P.; Ipponi, P.; Fiorini, A. Fine needle aspiration cytology of parathyroid
adenoma. A review of seven cases. Acta Cytol. 1986, 30, 65-69.

Goellner, J.R.; Caudill, J.L. Intranuclear holes (cytoplasmic pseudoinclusions) in parathyroid neoplasms, or
“holes happen”. Cancer 2000, 90, 41-46. [CrossRef]

Halbauer, M.; Crepinko, I.; Tom¢, H.B.; Simonovi¢, I. Fine needle aspiration cytology in the preoperative
diagnosis of ultrasonically enlarged parathyroid glands. Acta Cytol. 1991, 35, 728-735.

Bondeson, L.; Bondeson, A.G.; Nissborg, A.; Thompson, N.W. Cytopathological variables in parathyroid
lesions: A study based on 1600 cases of hyperparathyroidism. Diagn Cytopathol. 1997, 16, 476-482. [CrossRef]
Giorgadze, T.; Stratton, B.; Baloch, Z.W.; LiVolsi, V.A. Oncocytic parathyroid adenoma: Problem in cytological
diagnosis. Diagn Cytopathol. 2004, 31, 276-280. [CrossRef]

Cho, M.; Oweity, T.; Brandler, T.C.; Fried, K.; Levine, P. Distinguishing parathyroid and thyroid lesions on
ultrasound-guided fine-needle aspiration: A correlation of clinical data, ancillary studies, and molecular
analysis. Cancer Cytopathol. 2017, 125, 674-682. [CrossRef]

Agarwal, A.M.; Bentz, ].S.; Hungerford, R.; Abraham, D. Parathyroid fine-needle aspiration cytology in the
evaluation of parathyroid adenoma: Cytologic findings from 53 patients. Diagn Cytopathol. 2009, 37, 407-410.
[CrossRef] [PubMed]

Absher, K.J.; Truong, L.D.; Khurana, K.K.; Ramzy, I. Parathyroid cytology: Avoiding diagnostic pitfalls.
Head Neck 2002, 24, 157-164. [CrossRef] [PubMed]

Lloyd, R.; Osamura, R.; Kloppel, G.; Rosai, J]. WHO Classification of Tumours of Endocrine Organs, 4th ed.;
IARC Press: Lyon, France, 2017; Volume 10, p. 155.

Erickson, L.A.; Mete, O. Immunohistochemistry in diagnostic parathyroid pathology. Endocr. Pathol. 2018,
29, 113-129. [CrossRef] [PubMed]

Owens, C.L.; Rekhtman, N.; Sokoll, L.; Ali, S.Z. Parathyroid hormone assay in fine-needle aspirate is useful
in differentiating inadvertently sampled parathyroid tissue from thyroid lesions. Diagn Cytopathol. 2008, 36,
227-231. [CrossRef] [PubMed]

Wuertz, EG.; Kresnik, E.; Malle, P.; Hyden, M.; Lind, P; Rogatsch, H.; Gallowitsch, H.J. Fine-needle aspiration
with immunohistochemistry using a modified scrape cell block technique for the diagnosis of thyroid and
parathyroid nodules. Acta Cytol. 2016, 60, 118-130. [CrossRef]

Tseleni-Balafouta, S.; Gakiopoulou, H.; Kavantzas, N.; Agrogiannis, G.; Givalos, N. Parathyroid proliferations:
A source of diagnostic pitfalls in FNA of thyroid. Cancer Cytopathol. 2007, 111, 130-136. [CrossRef]

Chang, T.-C.; Tung, C.-C.; Hsiao, Y.-L.; Chen, M.-H. Immunoperoxidase staining in the differential diagnosis
of parathyroid from thyroid origin in fine needle aspirates of suspected parathyroid lesions. Acta Cytol. 1998,
42,619-624. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/0046-8177(95)90068-3
http://dx.doi.org/10.1002/(SICI)1097-0142(20000225)90:1&lt;41::AID-CNCR6&gt;3.0.CO;2-1
http://dx.doi.org/10.1002/(SICI)1097-0339(199706)16:6&lt;476::AID-DC2&gt;3.0.CO;2-8
http://dx.doi.org/10.1002/dc.20115
http://dx.doi.org/10.1002/cncy.21888
http://dx.doi.org/10.1002/dc.21020
http://www.ncbi.nlm.nih.gov/pubmed/19283690
http://dx.doi.org/10.1002/hed.10003
http://www.ncbi.nlm.nih.gov/pubmed/11891946
http://dx.doi.org/10.1007/s12022-018-9527-6
http://www.ncbi.nlm.nih.gov/pubmed/29626276
http://dx.doi.org/10.1002/dc.20783
http://www.ncbi.nlm.nih.gov/pubmed/18335560
http://dx.doi.org/10.1159/000446466
http://dx.doi.org/10.1002/cncr.22576
http://dx.doi.org/10.1159/000331817
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Analysis of Parathyroid Lesions (PLs) Using Ultrasound-Guided FNAC 
	Serum PTH and Ionized Calcium Levels 
	Comparison of Histological and Initial Cytological Diagnoses 
	Cytomorphological Features 
	Architectural Features 
	Nuclear Features 
	Cytoplasmic Features 
	Background and Extracellular Material 

	IHC Staining Results 

	Discussion 
	Conclusions 
	References

