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Abstract

Introduction. In clinical practice, it is important to apply a differentiated approach to selecting the
treatment strategy for patients with hyperparathyroidism, depending on clinical manifestations and
laboratory changes.

Aim. To analyse clinical variants and approaches of surgical treatment of patients with hyperparathyroidism.
Materials and methods. We conducted a retrospective analytical study of hyperparathyroidism cases in
patients who underwent surgery at the Non-Profit Enterprise «Regional Clinical Hospital of the Ivano-
Frankivsk Regional Council» during 2019-2024. Clinical and laboratory characteristics and surgical
approaches were studied. For statistical processing, STATISTICA 12 (StatSoft Inc., USA), Microsoft Excel,
and variance-statistical analysis were used. Numerical data are presented as arithmetic mean (M),
standard deviation (SD), and number of observations (n). Differences were assessed using Student’s t-test;
statistical significance was set at p < 0.05.

Results. A total of 77 surgeries were analysed: 67 for primary and 10 for tertiary hyperparathyroidism. In
62 patients (95.40%) with primary hyperparathyroidism, a solid adenoma was found, mostly in the lower
parathyroid glands (85.07%). Most adenomas were diagnosed incidentally during thyroid ultrasound,
predominantly in women (83.6%). The hypercalcaemic variant of primary hyperparathyroidism was
detected in 56 patients (83.58%), while normal calcium levels were found in 11 (16.42%). There was
insufficient evidence to confirm the normocalcaemic variant based on diagnostic criteria. Patients with
primary hyperparathyroidism underwent selective parathyroidectomy; those with tertiary - subtotal
parathyroidectomy. In all cases, the diagnosis was confirmed histologically.

Conclusions. Most operated patients had the hypercalcaemic variant of primary hyperparathyroidism.
Normocalcaemic variant cases require documented confirmation: stable normocalcaemia, elevated
parathyroid hormone, and exclusion of causes of secondary hyperparathyroidism. Hyperparathyroidism
treatment requires a personalized approach, considering type, variant, complications, and surgical indications.
Keywords: hyperparathyroidism, hypercalcaemic hyperparathyroidism, normocalcaemic
hyperparathyroidism, treatment approaches, retrospective study

INTRODUCTION

The imperative of timely diagnosis and effective
treatment of patients with hyperparathyroidism are justified
by the high risk of severe, disabling complications resulting
from disturbances in calcium-mineral metabolism.

Hyperparathyroidism (HPT) is an endocrine disorder
caused by overproduction of parathyroid hormone (PTH)
by parathyroid glands (PTGs). HPT is the third most
common endocrine disorder, following diabetes mellitus
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and thyroid gland diseases. There are three types of
hyperparathyroidism: primary, secondary, and tertiary.

Primary hyperparathyroidism (PHPT) is the most
common type, with causes including a benign solid
adenoma of the PTG (80.0%), multiple adenomas (5.0%),
carcinoma (< 5.0%), or PTG hyperplasia (15.0%). In
addition, PHPT can be diagnosed as part of multiple
endocrine neoplasia syndromes (MEN-1, MEN-2).
Secondary HPT (SHPT) is a compensatory hyperplasia
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and hyperfunction of PTGs in response to prolonged
hypocalcaemia and hyperphosphataemia of different
origins. Tertiary HPT (THPT) is characterized by growth
of adenomas or hyperplasia of the PTGs in the setting of
long-standing SHPT.

Until the mid-20" century, the diagnosis of PHPT
was based on the identification of manifest forms of
the disease with severe clinical presentations. The
improvement in PHPT diagnosis resulted from the
inclusion of serum calcium level testing in routine patient
examinations [1, 2], as well as from screening for HPT.
These diagnostic measures have enabled the identification
of asymptomatic and normocalcaemic variants of
PHPT [3].

A benign parathyroid adenoma, the most common
cause of PHPT, results from mutations in genes
controlling cell division and parathyroid cell proliferation,
such as CDC73 (cell division cycle 73) or the calcium-
sensing receptor (CASR). Malignant parathyroid
carcinomas are often linked to mutations in the CCND1
(Cyclin D1) gene [4]. Genetically determined PHPT forms
account for about 10% of cases [5].

Pathogenesis of PHPT is due to hyperproduction
of PTH, which leads to an increase in calcium
reabsorption and a decrease in phosphate and
bicarbonate reabsorption in the kidneys. It also enhances
intestinal calcium absorption due to increased activity
of vitamin D lo-hydroxylase, a regulator of active
vitamin D synthesis [6]. Excessive production of PTH
results in a decreased bone mineral density, leading to
the development of osteoporosis, as well as chronic
hypercalcaemia with the formation of calcium deposits
in parenchymal organs, and calcification of heart valves,
blood vessels, and nerve fibres [7].

Based on clinical manifestations and associated
disorders, PHPT can be classified into osseous,
visceropathic (non-osseous), and mixed forms. PHPT
is further divided into overt and latent types based on
symptom severity. Additionally, hypercalcaemic and
normocalcaemic variants are recognized. The mechanisms
behind normocalcaemic PHPT and its consequences are
still under investigation [8].

Unfortunately, there are no official data on the
prevalence of HPT in Ukraine; however, it is known that
the disease is underdiagnosed. In various countries around
the world, the prevalence of HPT ranges from 200 to
1300 cases per 100.000 population [1]. Analytical studies
focused on HPT remain highly relevant for improving the
effectiveness of treatment for this disease.

AIM

To analyse the clinical variants and surgical
treatment strategies in patients with hyperparathyroidism.
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MATERIALS AND METHODS

A retrospective analytical study was carried out on
cases of HPT in patients who underwent surgical treatment
at the Municipal Non-Profit Enterprise «Regional Clinical
Hospital of the Ivano-Frankivsk Regional Council» over
a S-year period (2019-2024). The study materials included
inpatient medical records (Form 003/0, approved by the
Order of the Ministry of Health of Ukraine No. 110, dated
February 14, 2012). The research involved the analysis
of HPT incidence in different districts of the region. The
clinical and laboratory characteristics of patients and
surgical treatment approaches were studied.

For statistical data processing software programs
such as STATISTICA 12 (StatSoft Inc., USA), Microsoft
Excel and variance-statistical analysis were used.
Numerical data are presented as arithmetic mean (M),
standard deviation (SD), and number of examined
individuals (n). The differences between the data were
assessed using Student’s t-test and were considered
statistically significant at p < 0.05.

This study is a fragment of the complex scientific
research work of the Ivano- Frankivsk National Medical
University: «Improving surgical strategies in diseases
of the neuroendocrine system to enhance treatment
outcomes and quality of life in patients» (2022-2027, state
registration number 0122U001740).

RESULTS

A total of 77 cases of surgical intervention were
analysed: 67 for primary hyperparathyroidism (PHPT) and
10 for tertiary hyperparathyroidism (THPT). The majority
of cases were diagnosed in residents of Ivano-Frankivsk.

The most common cause of PHPT was found to
be a solid adenoma of the PTG, present in 62 patients
(95.40%). Two adenomas were found in 5 patients (4.60%).
The majority of tumours were located in the lower PTGs —
57 cases (85.07%). A left lower PTG adenoma was found
in 29 out of 32 patients, and a right lower PTG adenoma in
28 out of 30 patients. Ten individuals (6 women and 4 men)
undergoing maintenance haemodialysis were diagnosed
with THPT. The average duration of replacement therapy
was 11.2 £ 1.15 years. The most common causes of chronic
renal insufficiency were chronic glomerulonephritis and
polycystic kidney disease (PKD).

PHPT was most frequently diagnosed in women —
56 cases (83.6%). There was no significant difference in
age or BMI between men and women with PHPT (p >
0.05). Most adenomas were diagnosed incidentally during
thyroid ultrasound. In total, 37 patients (55.20%) had
thyroid gland disorders, most commonly nodular goitre
(29 patients) and autoimmune thyroiditis (8 patients).

We studied the spectrum of comorbidities in patients
with PHPT.
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The most common diseases in patients with PHPT
were hypertension (62,7%), urolithiasis (29,8%), and

cholelithiasis (14,9%). In 13 patients, no disorders potentially
caused by excess PTH production were identified (Figure 1).

The spectrum of comorbidities in patients with primary
hyperparathyroidism
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Figure 1. Spectrum of comorbidities in patients with primary hyperparathyroidism.

Diagnostic methods for PHPT included laboratory
confirmation of PTH overproduction and hypercalcaemia
(due to elevated ionized calcium), visualization of
parathyroid adenoma using high-resolution ultrasound,
and subtraction scintigraphy with technetium-99m-
sestamibi and contrast-enhanced computed tomography.
Possible causes of SHPT — whether related or unrelated to
renal dysfunction, vitamin D deficiency, or the effects of

certain medications — were ruled out during the inpatient
diagnostic stage.

A comparative analysis of clinical and laboratory
findings between patients with PHPT and THPT was
performed (Table 1). Patients with THPT were found to
be older than those with PHPT (p < 0.05). No significant
difference was found in body mass index (BMI) between
the two groups (p > 0.05) (Table 1).

Clinical and Laboratory Findings in Patients with Primary and Tertiary Hyperparathyroidism (M£SD) e
Tt Patients with PHPT | Patients with THPT
(n=67) (n=10)
Age, years 52.74+£8.21 70.10+13.96*
BMI, kg/m? 26.12+3.20 24.3842.18
Fasting blood glucose, mmol/L 5.03+£0.85 4 .86+0.86
Ionized calcium, mmol/L 1.51+0.24 1.73+0.17%*
25(0OH)D, ng/ml 42.38+8.55 26.33+691*
Serum creatinine, pmol/L 89.02+£27.72 519.50+184.70%*
Parathyroid hormone, pg/ml 159.47+65.51 1871.4+1003.04%*

Note: 1. * — significant difference between comparison groups according to the Student’s t-criterion (p < 0.05); 2. PHPT — primary

hyperparathyroidism, THPT — tertiary hyperparathyroidism.

In the majority of patients with
PHPT - 56 individuals (83.58%) — the classical
hypercalcaemic form of PHPT was identified. Eleven
patients (16.42%) were found to have PHPT with normal
calcium levels, which may indicate a normocalcaemic
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variant of PHPT. In 8 out of 11 cases, disorders that can
be pathogenetically associated with hypercalcaemia were
identified: urolithiasis, cholelithiasis, duodenal ulcers, and
osteoporosis. To confirm the presence of normocalcaemic
PHPT in these patients, there was insufficient longitudinal
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data on PTH and calcium levels (3-6 months prior to HPT
diagnosis).

A comparative analysis of laboratory parameters
between patients with hypercalcaemic PHPT and those
with PHPT and normal calcium levels was conducted.
Ionized calcium levels in individuals with hypercalcaemic
PHPT were 1.56 + 0.23 mmol/L and were significantly
higher in comparison to patients with PHPT and normal
calcium levels: 1.25 £ 0.08 mmol/L (p < 0.05). The
levels of 25(OH)D, creatinine, and PTH did not differ
significantly between the two groups (p > 0.05).

Patients with PHPT  underwent selective
parathyroidectomy involving the removal of one
(62 individuals) and two (5 individuals) PTG adenomas.
Patients with THPT underwent subtotal parathyroidectomy.
In all cases, histological examination of the resected tissue
confirmed the presence of PTG adenomas.

DISCUSSION

According to the results of the conducted
analysis, it was determined that 67 patients with PHPT
(87.01%) underwent selective parathyroidectomy.
Parathyroidectomy is acknowledged as the gold standard
treatment option for patients with PHPT presenting
with classical manifestations of the disease [9]. The
relevance of surgical treatment is emphasized in the
recommendations of the International Expert Panel
on the Management of PHPT (2022), according to
which parathyroidectomy is indicated for patients with
PHPT - including asymptomatic individuals — if any
of the following indications are present: serum calcium
level >1 mg/dL (0.25 mmol/L) above the upper limit of
normal, skeletal system changes (fracture confirmed by
radiography or reduced bone mineral density (T-score
< -2.5)), renal function impairment (decrease in
glomerular filtration rate < 60 mL/min, nephrocalcinosis,
or nephrolithiasis), hypercalciuria (> 250 mg/day in
women; > 300 mg/day in men), age < 50 years [8].

In addition to PHPT cases, 10 individuals with THPT
(12.98%) underwent subtotal parathyroidectomy, involving
the removal of the three most affected PTGs, along with
resection of the fourth gland. Total parathyroidectomy,
which involves the removal of all PTGs with or without
autotransplantation, is less commonly performed in THPT.
Surgical treatment of THPT is characterized by its radical
nature: identification and visualization of all four PTGs
with minimal PTG volume preserved to prevent persistent
hypocalcaemia [10]. According to the analysed data, there
were no cases of surgical treatment for SHPT in the last
5 years. Surgical treatment of SHPT (subtotal or total
parathyroidectomy) is performed based on strict, well-
defined indications [10].

Most PHPT cases were diagnosed incidentally
during thyroid gland ultrasound examinations. This
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highlights both the expertise of ultrasound specialists
and the insufficient use of other HPT screening methods.
Patients were referred for PTH and ionized calcium
level testing after parathyroid gland adenomas were
discovered. Ionized calcium more accurately reflects the
actual concentration of this electrolyte in the blood and
has lower variability, as it is not influenced by plasma
protein levels [11]. To accurately interpret total calcium,
adjustments for albumin levels are necessary.

Classical hypercalcaemic PHPT was diagnosed
in 56 individuals, while 11 patients had normal blood
calcium levels. Among these, 8 patients had diseases
potentially mediated by hypercalcaemia. However, based
on the available data, we cannot confirm normocalcaemic
PHPT in these 11 patients due to insufficient documentary
evidence. Diagnosis of normocalcaemic PHPT requires
evidence, particularly the confirmation of persistently
normal total and ionized calcium levels on three separate
occasions, along with elevated serum PTH over 3 to
6 months, after excluding SHPT causes. Some studies
have shown intermittent hypercalcaemia in patients with
normocalcaemic PHPT, suggesting that it may represent
a mild form of classical hypercalcaemic PHPT [12].

The most recent recommendations for the diagnosis
and treatment of normocalcaemic hyperparathyroidism
were presented in 2021 as part of the European Society
of Endocrinology’s educational program on parathyroid
disorders [13]. In our study, we found that most patients
with normocalcaemia and HPT had diseases potentially
associated with hypercalcaemia. Although our sample
size is insufficient for statistical conclusions, our findings
align with previous studies showing the impact of
normocalcaemic PHPT on the risk of various disorders [14].
According to Gheorghe A. M. and colleagues, six studies
revealed a significant prevalence of osteoporosis in
patients with normocalcaemic hyperparathyroidism, with
frequencies ranging from 41.7% to 100%. Additionally,
improvements in bone mineral density were noted
after parathyroidectomy [15]. Mathematical models for
predicting fractures associated with osteoporosis have been
developed by Ukrainian researchers [16].

It was found that 62.7% of patients with PHPT
had hypertension. Studies have shown that parathyroid
hormone activates mineralocorticoid receptors [17],
suggesting that hypertension can also be a complication of
normocalcaemic HPT.

For a long time, the issue of surgical treatment in
patients with normocalcaemic PHPT remained controversial.
In 2014, the International Workshop on the Management of
HPT recommended surgical treatment for normocalcaemic
PHPT in cases where certain comorbidities, such as
osteoporosis or urolithiasis, were progressing, similar to
patients with hypercalcaemia [8]. The recommendations
of the American Association of Endocrine Surgeons are
similar [18]. A recent expert consensus by the European
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Society of Endocrinology (ESE, 2022) stated that
surgical intervention should be considered when strong
clinical indications and a clearly defined surgical target
are present [13, 19]. Any surgical treatment for HPT
requires precise anatomical techniques, visualization and
identification of the recurrent laryngeal nerve and the
external branch of the superior laryngeal nerve, as well as
mandatory histological examination of the excised tissue. The
conducted analysis highlights the importance of thorough
patient assessment in line with current recommendations for
diagnosis and treatment strategy selection.

CONCLUSIONS

The wvast majority of operated patients were
diagnosed with the hypercalcaemic variant of primary
hyperparathyroidism. The characteristics of patients with
the normocalcaemic variant of primary hyperparathyroidism
require support by documented evidence in accordance with
diagnostic criteria: prolonged and stable normocalcaemia,
hypersecretion of parathyroid hormone, and exclusion
of secondary hyperparathyroidism causes. The treatment
of  hyperparathyroidism requires a  personalized
approach, including the identification of the type, variant,
complications, and indications for surgical intervention.

Perspectives  for further research. In future
research, we aim to assess the status of the skeletal system
in patients with normocalcaemic hyperparathyroidism
and to conduct a correlation analysis between parathyroid
hormone levels and bone density parameters in
individuals without persistent hypercalcaemia.
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Pe3rome

KNMIHIYHI BAPIAHTW TA ACNEKTU XIPYPIYHOI O NIKYBAHHA NALIEHTIB 3 FNEPMNAPATUPEO3OM
Tamapa C. Baue6a', Angpin O. Baue6a? Irop M. LLieBuyk', PomaH T. Ky3seHko', MapTa A. Baue6a®

'IBaHO-®paHKiBCbKMIA HaLiOHANbHUA MEONYHMIA YHIBEPCUTET, M. IBaHO-®OpaHKiBCbK, YkpaiHa
2KHIM «ObnacHa kniniyHa nikapHs |BaHo-PpaHKiBCbKoi obnacHoi paguy», M. IBaHo-PpaHKiBCbK, YkpaiHa
BpownaBchkuin MeanYHMiA yHiBEPCUTET, M. Bpounas, MonbLya

Beryn. B kiHIUHIN NpaKTULi BaXKJIUBO 3aCTOCOBYBATH AUdepeHI[iHOBaHUM MiJXiJl MPH BUGOPi TAKTUKHU JiKyBaHHS
MaLi€HTIB 3 rinepnapaTUpPe030M, 3aJIeXKHO BiJj KJIIHIYHUX NPOSIBIB Ta 1abOpaTOPHUX 3MiH.

Merta. [IpoBecTd aHaji3 KJIHIYHMX BapiaHTIB Ta MiAXOAIB A0 XipypriyHoro JiikyBaHHfl Mali€HTIB
3 rinepnapaTupeosoMm.

Marepianu Ta MeToaM. IIpoBeseHO peTpPOCNEKTHBHO-aHAJIITH4YHE JOCJI/PKeHHA BHUINAZAKIB TrimeprnapaTHpeosy
y nauieHTiB, mpoonepoBaHux y KHII «O6sacHa kjiHiuHa JiikapHs IBaHo-®PpaHKiBcbKOi 06Js1acHOI pajgu» 3a
2019-2024pp. BuBueHo KJIiHiIUH] i 1a60paTOPHi XapaKTEPUCTUKHU MALiEHTIB Ta MiAXOAX 0 XipypriyHOro JiKyBaHHS.
st ctaTUCTUYHOL 06POOKU pe3y/bTaTiB BUKOPUCTAHO KoMi'toTepHi mporpamMu STATISTIKA-12 (StatSoft Inc., CLIA),
«Microsoft Excel» Ta BapianiiHO-cTaTUCTUYHUI aHasi3. YHUC/I0Bi 1aHi HaBeJleHO y BUIIAAL cepeAHbOI apudMeTHIHOL
BeJIMYMHU M, cTaHAapTHOro BiAxuaeHHA SD, yncia BapiaHTa n. BiaMiHHOCTI Mixk JaHUMU NlepeBipsAIU 3a t-KpUTepieM
CThloJleHTa i BBaOXKasiu ocTOBipHUMU pH p<0,05.

PesyabraTu. [IpoaHanizoBaHo 77 BUNAJKIB ONepaTUBHUX BTpy4YaHb, 3 fAKUX: 67 - 3 INpPUBOAY NEPBUHHOIO
rinepnapaTtupeo3y i 10 - 3 mpuBoAy TpPeTHHHOrO Trimepmapatupeo3y. ¥ 62 mnauieHTiB (95,40%) 3 mepBUHHUM
rinepnapaTUpeo3oM BHUSBJEHO COJJAHY aZEeHOMY, HaWyacTille y HIDKHIX NapaljUTOBUAHUX 3a103ax (85,07%).
BisbIicTh afieHOM 6yJ10 [iarHOCTOBAHO «SK 3HaXiZKy», IpU YIbTPa3BYKOBOMY AOCJi/>KEHH] IIUTONOAIOHOI 3a/103H,
Halyvacrile y »iHok (83,6%). B 56 oci6 (83,58%) 3 nepBUHHUM rineprnapaTHpeo30M BUABJIEHO rinepKaablieMiYHUH
BapiaHT xBopo6w, a B 11 mnaumieHTiB (16,42%) piBeHb KaJbLil0 He IepeBHUIIyBaB MOKAa3HUKA HOPMHU.
B MeauyHuX KapTax HeAOCTAaTHbO [JOKasiB JJi MiATBepAKeHHS HOPMOKAJbI[IEMIYHOTO BapiaHTy MNEPBHHHOrO
rinepnapatupeo3dy. [lanieHTaM 3 NMepBUHHUM rillepnapaTUPe030M NpPOBEJEHO CeJIeKTUBHY NapaTUPEeOieKTOMilo,
3 TPETUHHUM TrillepnapaTUPEO30M — CyOTOTa/lbHY MapaTUpeoifeKToMit. B ycix Bumajgkax AiarHos miJTBepKeHO
nic/sionepaniiHUM TiCTOJIOTIYHUM JOCTiI)KEeHHSAM.

BHCHOBKHU. AGCOJIIOTHY 6iJbLIiCTh cepelJ NPOONEPOBAaHMUX MaLi€HTIB CTAaHOBUJIM XBOpi 3 INEepPBUHHHUM
rinepkajbIieMiYHMUM BapiaHTOM XBOPO6U. XapaKTEPUCTHKH MAI[iEHTIB 3 HOPMOKAJBI[IEMIYHUM BapiaHTOM
NEepBUHHOrO TineprnapaTHpeo3y MOTPeOYyOTh MNiAKpiNJIEHHS 3aZl0KyMEeHTOBAaHMMHM JOKa3aMM, BiANOBiZHO [0
KpUTepiiB [JiarHo3y: TpHBaAJO-CTAbIIbHUX HOPMOKaJbLieMil, rimepnpoAykuii mnapaTHpeoifHOTO TOPMOHY Ta
BUKJIIOYUEHHS IPUYUH BTOPUHHOrO rinepnapatupeo3sy. JlikyBaHHs rinepnapaThpeosy nNoTpebye nepcoHaaisoBaHOTO
niAXoAy, AKUN BK/IIOYA€E BU3HAYEHHs TUIYy, BapiaHTa, YCKJIaJlHeHb Ta OKa3aHb /0 XipyprivHOro BTPy4YaHHs.

Kawuoei cnoea: rinepmapatupeos, rinepkajblieMiYHUNl TrinepmapaTupeo3, HOPMOKaJAbLi€EMiYHUA
rinepnapaTupeos, NiXoAu A0 JiKyBaHHs, peTpocleKTUBHE J0C/IiAKeHHA
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