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ABSTRACT

Background: The most common patohistologi-
calfinding in primary hyperparathyroidismis ad-
enoma of the parathyroid gland, followed by hy-
perplasia and the rarest is carcinoma. However,
hyperplasia of the parathyroid glands (PTG) is
most commonly found in secondary and tertiary
hyperparathyroidism. Objective: The aim of this
study was to determine the relationship between
the localization of the parathyroid glands and
pathological diagnosis, as well as the prevalence
of individual pathological diagnosis after surgery
in patients with hyperparathyroidism. Methods:
Analysis of retrospective-prospective database
of 79 patients who underwent parathyreoid-
ectomy for hyperparathyroidism in the 7-year
study period. Diagnostic methods were used
to identify enlarged parathyroid glands as well
as to determine their localization: ultrasound
examination, scintigraphy and operative finding.
Standard hematoxylin eosin staining was used
for pathophysiological diagnosis. A correlation
analysis between parathyroid gland localiza-
tion and pathophysiological diagnosis was per-
formed. Results: The median age of the patients
were 51 age (range 20-73) and 67,1% of the
patients were female. In the total number of
surgically removed parathyroid glands (182), the
most common pathophysiological diagnosis was
hyperplasia. Parathyroid adenoma was found
in 21 cases. Other diagnoses (thyroid nodule /
tissue, lymph node, thymus, cancer) were found
in 11 cases, while a normal finding was found
in 12 glands. Pathophysiological diagnosis of
hyperplasia and adenoma were more common
in the lower parathyroid glands. Using the chi-
square test, no association was found between
pathophysiological diagnosis and localization of
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enlarged parathyroid glands. Conclusion: The
most common pathophysiological diagnosis in
hyperparathyroidism was hyperplasia and was
most commonly found in the inferior parathy-
roid glands. Adenoma as pathophysiological
diagnosis is also most commonly found in the
lower parathyroid glands, but without statistical
significance.

Keywords: Hyperparathyroidism, parathyroid
glands, hyperplasia, adenoma.

1.BACKGROUND

Parathyroid glands measure on average
2—4mm in size and weigh 20-40mg and are
located on the posterior surface of the thyroid
gland and are supplied by the inferior thyroid
artery (1). Hyperparathyroidism occurs due to
increased activity of the parathyroid glands,
from an intrinsic abnormal change altering
excretion of parathyroid hormone (primary
or tertiary hyperparathyroidism) or from an
extrinsic abnormal change affecting calcium
homeostasis stimulating production of para-
thyroid hormone (secondary hyperparathy-
roidism) (2). Parathyroid gland anatomy is
variable (PTG) in the population, four PTG
are present, but some research reported
fewer and cases of up to 12 glands per patient.
Embryologically, parathyroid glands origi-
nate from endodermal tissue. The localization
of the superior glands is usually on the upper
pole of the thyroid gland, representing a short
distance caudally from the intersection of the
recurrent laryngeal nerve and inferior thy-
roid artery. The traveled distance of superior
glands is shorter and their location is often
more constant than the inferior glands. The
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Pathohistological diagnosis

Location

Hyperplasia Adenoma Cancer T:Z:joe'd ng:jpeh Thymus ’\,:;rsnl]:l
f 24 3 0 1 1 0 3
Superior right % in location 75,0 9,4 0,0 3,1 3,1 0,0 9,4
% in diagnosis 17,4 14,3 0,0 20,0 25,0 0,0 25,0
f 43 7 0 2 1 0 6
Inferior right % in location 72,9 11,9 0,0 3,4 1,7 0,0 10,2
% in diagnosis 31,2 33,3 0,0 40,0 25,0 0,0 50,0
f 33 2 0 1 0 0 0
Superior left % in location 91,7 5,6 0,0 2,8 0,0 0,0 0,0
% in diagnosis 23,9 9,5 0,0 20,0 0,0 0,0 0,0
f 38 8 0 1 2 1 3
Inferior left % in location 71,7 15,1 0,0 1,9 3,8 1,9 5,7
% in diagnosis 27,5 38,1 0,0 20,0 50,0 100,0 25,0
) f 0 1 1 0 0 0 0
Egtn‘)p'c loca= g/ in location 0,0 50,0 50,0 0,0 0,0 0,0 0,0
% in diagnosis 0,0 4,8 100,0 0,0 0,0 0,0 0,0
f 138 21 1 5 4 1 12
Total % in location 75,8 11,5 0,5 2,7 2,2 0,5 6,6
% in diagnosis 100,0 100,0 100,0 100,0 100,0 100,0 100,0

Table 1. Pathohistological diagnosis of parathyroid glands diagnosed after surgery. Values are presented as number (%).

latter descend along with the thymus, which also origi-
nates from the third pharyngeal pouch and because of
that fact the glands can often be found along the descent
pathway in the neck or mediastinum. The inferior pole of
the thyroid gland is their most common position, below
the superior PTG (3).

Clinicopathological primary hyperparathyroidism in-
cludes parathyroid adenoma (80-85%), parathyroid hy-
perplasia (10-15%) and cancer (<1-5%). Secondary hyper-
parathyroidism is generally manifested with parathyroid
hyperplasia, while tertiary hyperparathyroidism pres-
ents the onset of autonomic parathyroid hormone (PTH)
production of neoplasm (s) from secondary parathyroid
hyperplasia (4). Parathyroid adenoma and hyperplasia
are the most common diagnoses, whereas parathyroid
carcinomas and atypical adenomas are exceptional
causes of hyperparathyroidism, the latter being purely
a diagnosis by exclusion (5). When multiple glands are
included, they may present a range of pathology from dif-
fuse hyperplasia to asymmetric hyperplasia or multiple
adenomas. The histological diagnosis of parathyroid can-
cer can be difficult and in some cases diagnosis can only
be done following disclosure of distant metastases (6).

2.0BJECTIVE

To determine the relationship between the localiza-
tion of the parathyroid glands and pathological diagno-
sis, as well as the prevalence of individual pathological
diagnosis after surgery in patients with hyperparathy-
roidism.

3.MATERIALS AND METHODS

The study included 79 consecutive patients with
hyperparathyroidism, who underwent total or partial
parathyroidectomy in the period from January 2011 to
February 2018. The inclusion criteria were patients with
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primary, secondary and tertiary hyperparathyroidism
who underwent parathyroidectomy, and excluding cri-
teria were other tumor processes on the neck.

In this study, three diagnostic methods were used to
diagnose enlarged parathyroid glands as well as to deter-
mine theirlocalization: ultrasound examination, scintig-
raphy and operative finding. Standard HE (hematoxylin
eosin) staining was used for pathophysiological diagno-
sis. Additional immunohistochemical analysis was used
only in unclear cases of benign and malignant tumors.

Ethical statement

This retrospective-prospective study was approved
by the Ethics Committee, which is to be carried out in
compliance with the International guidelines for human
research protection of the Declaration of Helsinki and
International Conference on Harmonization in Good
Clinical Practical (ICH-GCP). Written informed consent
was obtained from all individual participants included
in the study.

Statistical analysis

The data collected by the research were processed
with the software package SPSS, version 20. Descrip-
tive analysis was applied to the processing of all data.
The distribution of frequencies and percentages was
determined for categorical and ordinary variables and
the basic statistical parameters for continuous variables.
Independence testing, that is (i.e.), examination the cor-
relation of variables, pathophysiological diagnosis and
localization of parathyroid glands, due to the assumption
that at least 80% of cells have a frequency of 5 or more,
was performed only for diagnoses of hyperplasia and
adenoma and individually combined upper and lower
localizations. For this purpose, the chi-square test was
also applied, and since no statistically significant cor-
relation was confirmed, it was not necessary to check
the strength of the bond with an appropriate measure of
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association—Cramer’s V correlation coefficient.

4.RESULTS

This study included 79 patients with hyperparathy-
roidism who underwent total or partial parathyroidec-
tomy in the period from January 2011 to February 2018,
aged 20 to 73 years (mean 51.13 + 11.83). The major-
ity of respondents were female (67%). In the examined
group, the most common form of hyperparathyroidism
is secondary, which was found in 41 (51.9%) cases. Pri-
mary hyperparathyroidism was found in 35 (44.3%) and
tertiary in 3 (3.8%) patients. Eight total parathyroidec-
tomies (10%), 32 subtotal parathyroidectomies (40.5%),
38 (48.1%) extirpations, (of which 2 operations with two
glands and thyroid lobectomy on the same side) were per-
formed in 79 subjects of our study, and one thoracotomy
(1.3%). We analyzed the association between parathyroid
localization and pathophysiological diagnosis. Of the
total number of removed parathyroid glands found by
surgery (182), the most common pathophysiological di-
agnosis was hyperplasia, which was found in 138 (75.8%)
glands, as shown in Table 1.

Parathyroid adenoma was found in 21 (11.5%) cases.
Other diagnoses (thyroid nodule / tissue, lymph node,
thymus, cancer) were found in 11 (5.9%) cases, while
a normal finding was found in 12 (6.6%) glands. Patho-
physiological diagnosis of hyperplasia and adenoma
were more common in the lower parathyroid glands.
The total number of hyperplasia found in the lower right
PTG was 43 (31.2%) while in the lower left was 38 (27.5%).
Adenomas were found in 7 (33.3%) PTG localized in the
lower poles on the left and in 8 (38.1%) localized in the
lower poles on the right.

Using the chi-square test, no association was found
between pathophysiological diagnosis and localiza-
tion of enlarged parathyroid glands (noting that only
diagnoses of hyperplasia and PTG adenoma were taken
into account), no statistically significant difference in
the frequency of these diagnoses was found according
to localization (y* = 1,32; df = 1; p = 0,25). This did not
confirm our working hypothesis that there is a positive
correlation between the localization of the parathyroid
glands and the pathophysiological diagnosis. When it
comes to their diagnoses, we had 1 cancer, 1 case of
thymus tissue, then lymph nodes, thyroid nodes, and
normal parathyroid tissue.

We also analyzed the relationship between patho-
physiological diagnosis and forms of hyperparathyroid-
ism, and we found out that of a total of 182 enlarged PTG,
hyperplasia is the most common pathophysiological
diagnosis and was found in 113 (90.4%) in secondary, 18
(13.7%) in primary and 7 (5.1%) in tertiary hyperparathy-
roidism. Adenoma was found in 17 (34.7%) in primary
and 4 (3.2%) in secondary hyperparathyroidism.

5.DISCUSSION

Lee JBetal (2015) examined 109 patients who under-
went parathyroidectomy for secondary hyperparathy-
roidism from January 2003 to April 2014 (7). Pathologi-
cal analysis showed nodular hyperplasia in 86 patients
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(78.9%) and diffuse hyperplasia in 23 patients (21.1%). In
a study involving 50 patients, a total of 199 glands were
removed. Pathophysiological analysis showed that 183
glands were parathyroid lesions, where 4 glands were
confirmed as normal parathyroid glands and 12 were
lymph nodes. In cases of 183 confirmed pathological
glands, 179 had parathyroid hyperplasia, and 4 lesions
in 3 patients were parathyroid adenomas (8).

Parathyroidectomy (PTx) underwent 109 patients for
secondary hyperparathyroidism (sHPT). Nodular hy-
perplasia was shown in 86 patients (78.9%) and diffuse
hyperplasia in 23 patients (21.1%). Recurrent or persis-
tent patients were 35 (32.1%). Four hundred twenty-three
PTGs in the 109 patients were identified and surgically
removed. Four hundred twenty-two parathyroid glands
were found in typical sites as follows: 106 glands were
right upper, 107 right lower, 105 left upper, and 104 left
lower and 1 ectopic PTG in the upper mediastinum (7).
Among 810 patients who underwent PTX for primary hy-
perparathyroidism (pHPT), single abnormal parathyroid
glands were unevenly distributed among the four eutopic
locations (left superior position, 15.7%; left inferior posi-
tion, 31.3%; right superior position, 15.8%; right inferior
position, 37.2%; P < 0.01). According to this abnormal
inferior parathyroid glands (68.5%) were significantly
more common than abnormal superior glands (31.5%),
respectively (P < 0.01). This research indicates that single
eutopic abnormal parathyroid glands are more likely to
be inferior. Nevertheless, successful PTX remains predi-
cated on knowledge of parathyroid anatomy, experience,
and judgment of the surgeon (9).

The combined experience of three tertiary endocrine
surgery centers with parathyroid adenoma (PTA) was
described in the study Lee JC et al. (2015) (10). According
to this study patients with adenomas > 1 cm above the
upper pole or other neck locations as a result of abnor-
mal or incomplete descent were included for analysis.
Ectopic adenoma was identified in 16 patients out of
5241 patients who underwent PTx in the 7-year study
period (incidence 0.3%). Ectopic gland sites included the
submandibular triangle, retropharyngeal space, carotid
space, parapharyngeal space and cricothyroid space.
This study indicates that a surgeon who performs para-
thyroidectomies can find incompletely or abnormally
descended PTAs. In the Von Breitenbuch study (2007)
the left side is the most common localization of the ad-
enomas (11). Due to the obtained data, they recommend
first exploration of the left side of the neck if the adenoma
could not be localized preoperatively.

In our study of 79 patients, an ectopic parathyroid
gland, localized in the upper mediastinum, was found in
one patient. Pathophysiological diagnosis showed that it
was adenoma. Nodules corresponding to ectopic thyroid tis-
sue were found in three patients on pathophysiological
analysis of the parathyroid glands, and thymus tissue
was found in one patient in the analysis of the lower left
parathyroid gland. The prevalence of ectopic localizations
in our study with respect to the diverse results of other
studies or alarger sample is consistent with most studies.

Arare cause of hyperparathyroidism are intrathyroid
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parathyroid lesions, with an incidence of 1% to 3.4%.
Therefore, exact diagnosis and preoperative localization
ofintrathyroid parathyroid lesions is very important for
surgeons as an effective method to cure hyperparathy-
roidism. The differential diagnosis amongrare intrathy-
roid parathyroid lesions and common thyroid nodules
can be very difficult. A total of 15 patients with intra-
thyroid parathyroid lesions were enrolled in this study,
including 11 females (73%, 11/15) and 4 males (27%,
4/15) and pathological diagnosis confirmed 12 cases of
parathyroid adenoma (80%, 12/15), 1 case of parathyroid
hyperplasia (6.7%, 1/15), and 2 cases of parathyroid ad-
enocarcinoma (13.3%, 2/15) confirmed postoperatively.
The mean size of the 15 lesions was 2.1+1.1cm (12).

In our study, we had 5 cases of intrathyroid parathy-
roid lesions (4 women, 1 man), in two patients with pri-
mary hyperparathyroidism, nodules were found in the
lower poles of the thyroid gland, 1 case was an atypical
adenoma with unpredictable biological potential and the
other hyperplasia of the parathyroid gland. In three pa-
tients with secondary hyperparathyroidism, lesions were
found in the lower poles of the thyroid gland, two on the
left side and one case on the right side and pathophysi-
ological diagnosis confirmed the case of parathyroid
hyperplasia. The results of our study showed that out
of a total of 182 enlarged glands, the most common was
hyperplasia, followed by parathyroid adenoma, while
all other diagnoses were present in a total of 5.9% of
cases and normal tissue in 6.6% of glands. Both hyper-
plasia and adenomas were more common in the lower
glands. The prevalence of pathophysiological diagnoses
according to the form of hyperparathyroidism in our
paper showed that out of a total of 182 enlarged glands,
hyperplasia was present in secondary form in 90.4%, pri-
mary 13.7% and tertiary hyperparathyroidism in 5.1%
of glands, followed by adenoma, in the primary 34.7%
and in the secondary in 3.2%. In this regard our find-
ings are in agreement with previous studies. In a study
performed on 121 patients, pathophysiological analysis
showed adenoma in 3 cases, hyperplasia in 3 cases, and
cancerin 1 (13). Other study described malignancy in 7
patients (6.8%) (14). Parathyroid cancer occurs in 1% to
3% patients with PTH, and in a study series of cases in
two patients it was localized in the left lower parathyroid
glands and in one in the upper (15).

In a 62-year-old patient, preoperative ultrasound ex-
amination of the neck showed an enlarged upper right
parathyroid gland. Histopathological examination re-
vealed parathyroid cancer. The majority of parathyroid
neoplasms are found in the lower parathyroid glands,
which is most likely related to the different embryonic
descent pathways of the upper and lower glands (16). Of
the 79 patients in our study, one patient was found to
have parathyroid cancer. During surgery at the site of
anatomical localization of the lower right parathyroid
gland on frozen section preparations, first the lymph
node is obtained, then the thyroid tissue, and the can-
cer is localized in the incorporated tissue of the lower
half of the right lobe of the thyroid gland. Given the low
prevalence in the general population, the dataareinline
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with the literature data.

A fact that is important to mention is that there are
tumors with some features suggesting malignancy,
but falling short of unequivocal histological diagnosis
of malignancy, which are marked ‘atypical adenoma’
(6). Histopathological features include fibrous bands,
pronounced trabecular growth, remarkable mitotic
activity, tumor necrosis and incomplete invasion of the
capsule. The importance of the remarkable mitotic activ-
ity is unclear, because their detection should encourage
careful assessment, while searching for other features
of malignancy (6).

In our study, 21 adenomas were diagnosed by patho-
physiological analysis. In a patient who underwent
total parathyroidectomy, pathophysiological diagnosis
showed nodular hyperplasia of three parathyroid glands
and in the projection of the right upper parathyroid
gland one adenoma of the main cells, which according
to the pathologist is found in 10% of cases according to
the literature. Of the 21 adenomas, two adenomas were
verified as atypical adenomas. In one patient, atypical
adenoma was localized in the lower half of the right lobe
of the thyroid gland, and at the same patient after three
years, liver biopsy confirmed a diagnosis of a malignant
epithelial tumor with neuroendocrine differentiation due
to co-expression of galectin 3, cyclin D1 and pronounced
proliferative activity cancer. Another atypical adenoma
was diagnosed in a patient with localization of the lower
left parathyroid gland, and within a year meta-changes
in the liver were diagnosed. Pathophysiological analysis
showed that it was a poorly differentiated cancer with
extensive necrosis and a nonspecificimmunophenotype
(it cannot be ruled out that it was cholangiocarcinoma,
but also other primary outcomes).

6.CONCLUSION

Hyperparathyroidism is a common endocrine disor-
der with potential complications. In a large number of
cases, it requires surgical treatment, when the patholo-
gist is often exposed to difficulties in reliably determin-
ing the true pathoanatomical substrate, due to the great
variability and overlap in the microscopic finding.

In our study, the most common pathological diagno-
ses were hyperplasia (75.8%) and adenoma (21%). Both
hyperplasia and adenoma were more common in the
lower parathyroid glands, and most often in the lower
right, but no statistically significant difference in fre-
quency was found. Out of 182 glands, one cancer and 2
atypical adenomas were found, for which it is necessary
to emphasize that they require special attention, i.e.
such patients need to be seriously subjected to further
diagnostic processing and monitoring.

« Patient Consent Form: All participants were informed about sub-
ject of the study.
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