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JIATHOCTUYHI TA KJITHIYHI ACITIEKTHA
HOPMOKAJIBIIIEMIYHOI T'ITEPIIIAZII IPUIOUTOIIOAIBHUX
3AJ1I03 TA HEPEHAJIBHOI'O BTOPUHHOI'O I'lTIEPITAPATUPEO3Y
Y OIIPOMIHEHHUX I HEOITPOMIHEHUX OCIb

(OIA 4 JIITEPATYPU TA TAHI BJACHUX JOCIIA2KEHD)

MpuwnTONOAIOGHT 331031 € rONOBHUMU PerynaTopamu KanbLieBo-pocdopHoro o6MiHy, 3aBAsAKN NapaTropMOHy BOHM
pearyloTb Ha Gyab-AKi 3MiHW PiBHSA LMX iOHIB y KPOBi Ta BM3HAYAOTh LiNiCHICTb CKeneTy, BNAMWBAOTL HAa Maiixe BCi
CUCTEMM Ta KNITUHK, e Ait0Tb Kanblii Ta hocdop. 3 nopyweHHAMM ix QYHKLIOBAHHA NOB'A3aHi 3HAYHI YCKIAAHEHHS,
O CYNpOBOAXYIOTb BTOPMHHUI rinepnapatupeos. Ha xanb, 6inbluicTb NiKapis Ta HayKOBLiB HeJOOLIHIOTL BMINB
HaANMWKY napaTropmoHy i aediuuTy BiTaminy D. 3a3BMyait nikapi He nepeBipai0Tb piBeHb NAPaTrOPMOHY Y KPOBi — L0
Tpe6a pobUTU sK CKPUHIHIOBE AOCNiLKEHHS, TOMY NATONOris TPUBAMIA Yac 3aNMWAETbCA HenomiveHolo. Hacnpasgi,
yacToTa naTosorii NpUWMUTONOAIGHMX 33103 Ta CaMe rinepnapaTupeos Maiixe [OPiBHIOE YaCTOTi 3aXBOPIOBAHb WUTO-
noAi6HOT 3an03u i BUABNAETbCA Y NOHaA 10 % BCbOro HACENEHHS, 3a1€XHO Bif, rpyn CnocTepexeHHs (cTaThb, BiK, on-
POMiHEHHSA), WO NPOLEMOHCTPOBAHO B HAWMWX NoNepeAHix AOCNimKeHHAX. Tak, 3a HaWWMK AAHUMM, YacToTa rinepn-
Nasin NpuwWMTOnoAibHUX 3an03 CTaHOBUTL 24,3 % (y AiTelt Ta nignitkie 50-70%) B CTaHi eynapatupeosy, a 4acToTa
HOpMOKanbLUieMiyHMX rinepnapatupeosis — 1o 14,3 %, Ans nepeciyHoro HaceneHHs YkpaiHu. Ha cborogHi mu 6aunmo
BEJIMKY NAYTaHWHY B MyOnikalisx Ta iCHYYMX peKoMeHAaLisx WoAo AiarHOCTUKMW, natoreHesy i nepebiry naparu-
peoifHMX 3aXBOPLOBaHb. 4acTo He BPAXOBYETHCH, O HAABHE HANpYXeHHs B KanblLieBO-hocdopHii cucTemi 3a3Buyail
BMHWKAE 3a paxyHOK HecTaui/pediuuty BiTamiHy D, Wwo € ayxe nownperHum y cBiTi. Yacto npocTe npu3HayeHHs BiTa-
MiHy D B onTUManbHWX Ta iHAMBiAyanbHWUX [03yBaHHAX BUpiwye (npodinakTye) npobnemy rinepnaparupeosis abo
3HUXXYE arpecuBHiCTb IXHbOro nNepebiry. MpoBefeHNi aHani3 faHUX NiTepaTypHUX AXKepen i pe3ynbTaTiB BNACHUX Ha-
VYKOBUX AOCNiXEHb 100 NAaTOreHeTUYHUX 3aKOHOMIpHOCTeW Ta KNiHiYHOro nepebiry 3axBOpioBaHb NPULLUTONOAIG-
HMX 33103 BU3HAYMB, WO HAWYACTIW O NMPUYMHOIO PO3BUTKY rinepnapaTupeosy € Hectaya/pediunT Bitaminy D, akuit
BMAMBAE Ha hOpMyBaHHA ix rinepnnasii abo ageHoMM, a camM NPoLEC MA€ NOCTYNOBUI CTAfiNHUI KNTHIYHUIA PO3BUTOK.
KnioyoBi cnosa: npuwutonofiobHi 3an103u; rinepnnasia npuwuTonoaiobHMx 3an03; rinepnapatupeos; HOpMOKanbLiie-
MiYHWI rinepnapaTvpeo3; ONPOMiHEHHS; NOCTPaXaani BHAcNigok aBapii Ha YAEC; papiauis.
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DIAGNOSTIC AND CLINICAL ASPECTS OF NORMOCALCEMIC
PARATHYROID HYPERPLASIA AND NON-RENAL SECONDARY
HYPERPARATHYROIDISM IN EXPOSED AND NON-EXPOSED
TO IONIZING RADIATION INDIVIDUALS (LITERATURE REVIEW
AND OWN RESEARCH DATA)

Parathyroids are the key regulators of calcium-phosphorus metabolism. By means of parathyroid hormone they
respond to any changes in the serum level of calcium and phosphorus ions and determine the integrity of skeleton,
affecting almost all systems and cells where calcium and phosphorus are involved in metabolism and/or signaling.
Disorders of parathyroid function are associated with significant complications accompanying secondary hyper-
parathyroidism. Unfortunately, most medical practitioners and scientists underestimate the impact of parathyroid
hormone excess and vitamin D deficiency. Usually, medical practitioners do not prescribe the assay of serum level of
parathyroid hormone, which should be done as a screening test, so the disease remains unnoticed for a long time.
In fact, the incidence of parathyroid disorders, namely hyperparathyroidism, is almost equal to the incidence of thy-
roid diseases and is more than 10 % for the entire population, depending on the observation groups (gender, age,
exposure to ionizing radiation), as demonstrated in our previous studies. Thus, according to our data, the incidence
of parathyroid hyperplasia is 24.3 % (with 50-70 % in children and adolescents) in the state of euparathyroidism,
and incidence of normocalcemic hyperparathyroidism is up to 14.3 % in the average population of Ukraine. Today,
we see much confusion in publications and available recommendations regarding diagnosis, pathogenesis, and
course of parathyroid disease. It is often not taken into account that the strain in calcium-phosphorus system usu-
ally occurs due to the lack/deficiency of vitamin D, which is very common worldwide. Often a simple administration
of vitamin D in optimal and individual dosages solves (prevents) the problem of hyperparathyroidism or reduces the
aggressiveness of its course. Review of data from literary sources and results of own research on pathogenetic pat-
terns and clinical course of parathyroid diseases was carried out, and it was determined that the lack/deficiency of
vitamin D is the most common ground of development of hyperparathyroidism, which affects the formation of
parathyroid hyperplasia or adenoma, and the process itself is of a gradual, staged clinical development.
Key words: parathyroids; parathyroid hyperplasia; hyperparathyroidism; normocalcemic hyperparathyroidism; Chor-
nobyl NPP accident survivors; radiation; radiation exposure.
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BCTVYII INTRODUCTION
ITpuimtononioHi 3ano3u (ITHI3) € ronoBHumu peryisi- — Parathyrioids (parathyroid glands) are the key regula-
TOpaMH KaJblieBo-docchopHOro ooMmiHy, 3aBasaku ma-  tors of Ca/P metabolism. By means of parathyroid
patropMony (ITTT') Bonu pearyioth Ha Oyab-ski 3MiHu ~ hormone (PTH) they respond to any changes in the
PiBHS LIMX iOHIB Y KPOBi Ta BU3HAYAIOTh LUTICHICTb cke-  serum level of Ca and P ions and determine the
JISTY, BIUIMBAIOTh HAa MaiKe BCi CCTeMM Ta KIITUHU, Ae  integrity of skeleton both with making effect on
JIIOTh Kanblliil Ta pocdop. 3 1imM moB’s13aHi 3HauHi yck-  almost all body systems and cells where Ca and P are
JIATHEeHHS, 110 CYIPOBOMKYIOTH HOPMOKaNbIiEMiUuHMIT  involved in metabolic and/or signaling pathways.
rinepmapatupeo3 (I'TIT) (apur™mii, aprepianibHa rimep-  That is associated with significant complications
TEH3isI, HelpoIIaTii, 0CTe0II0pO3/0CTeOIIeHisI, YTBOPeH-  accompanying the normocalcemic hyperparathy-
HS KaMEHIiB y HUpKaX Ta JKOBYHOMY MiXypi TOIIIO). roidism (HPT) e.g. arrhythmia, arterial hypertension,
Ha xanb, OinbliicTh JikapiB Ta HayKOBLIB Hemo-  neuropathy, osteoporosis/osteopenia, nephrolithiasis,
OLIIHIOIOTh BIUIMB HAUIMINKY IapatrropMoHy Ta  cholelithiasis, etc.
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nedimuty BitaMiny D. Sk BBaxKaroTh Jiikapi pi3HOTO
¢axy, nartosorig IIII3 € AOCUTL €K30TMYHOIO B
NpaKTUlli, OCKIJILKM BOHU 3a3BUYaAll HE TIEPEBiPSIOThH
piBep IITI y kpoBi — 1m0 Tpeba pobutu SK
CKPUHIHTOBE JOCTIIKEHHS, a JiKapi YIbTpa3ByKOBOI
JiarHOCTUKHY HE HAaBYEHi X e(DEKTUBHO Ta CBOEYACHO
BUSIBJIATU, OO0 He Bi3yanidytoTb. ToMy maTosoris
I3 TpuBanuii yac 3aJIMIIAETHCS HEITOMiYEHOIO.

Hacnpasai, yactora maroJjorii I3 Tta HOpMmO-
KanblieMiyHoro HepeHanbHoro I'TIT maiixe mopis-
HIOE 4acTOTi 3aXBOpPIOBaHb IIMTOIOAIOHOI 3aj103U
(ILL3) i cranoBuTh TTOHAA 10 % n1s1 BChOro HacelIeH-
Hs1, 3aJI€XKHO BiJl TPyl CIIOCTEpeXeHHs (CTaTh, BIK,
OMNpPOMiHEHHS), 10 IPOJAEMOHCTPOBAHO B HaIlUX
norepenHix pochimkenHsax [1—3]. Tak, 3a HumH,
yactoTa rinepmniasiii T3 cranosuts 24,3 % (y
niteit ta mignitkiB 50—70%) B cTaHi eynmapaTupeosy,
a yacToTa rinepnapaTtupeosis — 1o 14,3 %, nis me-
peciyHOro HacejeHHsI YKpaiHu.

3aiimarouunchy martosoriero ITII3 Bxe monam 10
POKiB i BUBYAIOUM ii NiarHOCTUYHI Ta Te€pareBTUYHI
acMeKTU Yy HU3Li HAyKOBUX AOCTiAXEHb, 3 TOUKHU 30-
Py KIiHiYHOI €HAOKPMHOJOrIT MU 0auuMMO BEIUKY
TUTyTAaHUHY B IMyOiKalligX Ta iCHYIOUYMX peKOMEH-
Jalisx 100 ii matoreHesy i mepe6iry. Hanpuknan,
takuii migxia: ogHa I3 — ue aneHoMa, AeKijibKa —
rinepnasisi, € xuoHuM. Lli CriOTBOpEeHHSI 4YacTo Mmo-
B’sI3aHi 3 TUM, 1110 1Ii€I0 TPOOIEMOIO 3aiiMaEThCS He-
BeJIMKA KiJIbKIiCTh (haxiBIliB, MepeBa>kHO EHIOKPUHHI
Xipypru i HepoJioru, sIKi MPUBHOCSTh CBOE OayeH-
HSI, CTUKAIOUMCh 3 TSKKOIO ITaTOJIOTIE€I0, ajle AyXke
piIKO KJiHiYHI EHIOKPUHOJOTU HEeXipypTriyHUX
neHtpiB. Lle ¢dhopMmye AyMKY, IO IPeBaTIOIOYOI0
dopmoro nopymieHb dyHkuii TTII3 € nepBUHHMI
rineprapatupeo3 (ab0 TpPeTUHHMI) Ta agecHOMHU
IT1I13, 1o moTpedyoTh 000B’I3KOBOIO XipypTriyHOTO
JIIKyBaHHS B HaOJIMXK4i TEpMiHU, TOI SIK 1€ HE TaK.
IcHye BenrKa KijIbKicTh HAyKOBUX ITyOJIiKalliid Ha 1110
TeMy, aBTOpaMU SIKMX € JliKapi XipypriyHoro mpo-
dimo [4—6], ane 1e geopMye yIBICHHS PO Jiar-
HOCTHKY i KJIiHiYHWU po3BuTOK natosorii [T 3.

HiiicHO, MepBUHHUM i TPETUHHUI TineprnapaTupeo-
3u (I'TIT), xpoHiuHa XBOpOOA HUPOK € TSHKKMMM CTa-
HaMM, SIKi IIIBUJKO MPU3BOASATH 10 iHBaTiAM3allii Ha-
CEeJIEHHS, TIPOTE 1I€ HE 3a3Hayva€, 10 BOHAa BUHUKAE
IIBUAKO B OLIBILIOCTI BUIMAAKIB i 3 CAMOIrO IMOYaTKYy.
YacTto He BpaxOBYETHCs, 1110 HAasIBHE HAIPYXEHHS B
KaJblieBo-(ocdopHiit cucTeMi 3a3BMYaii BAHUKAE 3a
paxyHOK OaHaJlbHUX HecTadi/nediuuty BitTamiHy D,
1110 € Ay>ke MOIUMPEHUM Y CBiTi, a00 iHILIMX HYTPi€H-
TiB. Lle MOSICHIOE MOIIUPEHICTh HEXIPYPriuHUX MaTO-

Unfortunately, most medical practitioners and scien-
tists underestimate the impact of PTH excess and vita-
min D deficiency. According to opinions of medical
practitioners of various specialties, the parathyroid dis-
ease is quite rare in practice, since they usually do not
check the serum level of PTH, which should be done as
a screening test, and ultrasound sonographers are not
trained to detect parathyroids effectively and timely,
because they do not visualize them. Therefore,
parathyroid disease remains unseen for a long time.

In fact, the incidence of parathyroid disease and nor-
mocalcemic nonrenal HPT is almost equal to the inci-
dence of thyroid disease being > 10 % for the entire pop-
ulation, depending on the observation groups (gender,
age, exposure to ionizing radiation), as demonstrated in
our previous studies [ 1—3]. Specifically, according to our
data, the incidence of parathyroid hyperplasia is 24.3 %
(being 50—70 % in children and adolescents) in the state
of euparathyroidism, and incidence of HPT is up to
14.3 % for the average population of Ukraine.

Dealing with parathyroid disease for more than 10
years and studying its diagnostic and therapeutic
aspects in a number of studies, from the point of clin-
ical endocrinology we watch a lot of confusion in pub-
lications and existing recommendations regarding its
pathogenesis and course. For example, such opinion
as one parathyroid gland is an adenoma and several
ones are hyperplasia is wrong. These misconceptions
are often associated with the fact that this issue is con-
cerned by a narrow circle of specialists, mainly
endocrine surgeons and nephrologists, who bring their
vision when faced with severe disease, but very rarely
clinical endocrinologists at the non-surgical centers
do the same. This creates the opinion that primary (or
tertiary) HPT and parathyroid adenoma, which
require mandatory surgical treatment in the near
future, are the predominant form of PTH disorders,
while this is not the case. There are a lot of scientific
publications on this topic, the authors of which are
surgeons [4—6], but this distorts the idea of diagnosis
and clinical development of PTH disease.

Indeed, the primary and tertiary HPT along with
chronic kidney disease are serious health states that
quickly lead to disability of population, but this does
not mean that they occur rapidly in most cases and
from the very beginning. It is often not taken into
account that the existing strain in calcium-phosphorus
system usually occurs due to the simple and trivial
lack/deficiency of vitamin D, which is very common
worldwide, or other nutrients. This explains the preva-
lence of non-surgical parathyroid disorders (hyperpla-
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Joriyamx ctadiB I3 (rimeprinaziif) [1-3], a I'TIT € nu-
11I€ TIPOMiXKHOIO 200 KiHLEBOIO CTafi€lo. BincyTHicTh iH-
¢dopMyBaHHS Ta HACTOPOXKEHOCTI 3 OOKY JiKapiB IIOJI0
LBOTO TIACTYITHOrO TaTtojioriuHoro mpouecy y I3,
MNPU3BOAUTL OO0 TMi3HBLOI NiarHOCTUKU i Hee(heKTUBHOIO
JIIKyBaHHSI, 110 3aBEePIIYEThCS XipypriYHUM BTPYYaHHSIM,
SIKOTO MOKHa OyJI0 YHUKHYTU. M1 6aunMMoO BeIUKY ILTY-
TaHUHY B TEOPETUYHUX i KJIIHIYHMX BUCHOBKaX, OB’ sI3a-
HUX 3 HEJOBMBYEHHSM lijoro kiacy matojorii ITIII3,
iHOMi HeoOi3HaHICTIO (haxiBLiB TepaneBTUYHOro Mpodi-
JII0, B TOMY YMCJTi (paxiBIIiB yJIBTPa3BYKOBOI TiarHOCTUKHA
(Y3]1), a TakoX 3 HEAOCKOHATICTIO CUCTEM HaJaHHS Me-
JUYHOI JOMIOMOTIM y 6araThoX KpaiHax CBIiTYy Ha JaHUI yac.

ITpukpo, Koau 3aMiCTb MPOCTOr0 i HEKOLITOBHOTO
Bu3HauyeHHs piBHS IITI y KpoBi, y mauieHTa BUHUKAE
IIMPOKE KOJIO MPOOIeM 3i 3M0pOB’AM, SIKi He BIAETHCS
cTabiyizyBaTH, yepe3 KOpOTKUI yac (AeKijbKa pOKiB), a
€IVMHUM PIilIEHHSIM BXe€ 3aJMIIAEThCS XipypriyHe JiKy-
BaHHsI. X04a 4acTo IIPOCTe MpU3HauYeHHs BiTamiHy D B
ONTUMAaJIbHUX Ta iHAWBIAYAJTbHUX NO3YBAHHSX BUPILIYE
(mpoinakTye) podiemMy abo 3HUKYE arpeCUBHICTb I1e-
peOiry rineprnapaTupeosy.

Tomy MU BUPILLIWIIM TTOYATU HAYKOBY AUCKYCilO 110J0
KJIIHIYHUX (HeXipypriyHMX) acleKTiB HepeHaIbHOI HOP-
MokanblieMiuHol nmatoJjorii ITII3, noB’s13aHo1 3 HecTa-
yero/nediunTom Bitaminy D.

META JOCIIJIZKEHHA

ITpoBecTu aHaji3 JaHUX JiTepaTypHUX JKepes Ta Biac-
HUX HAyKOBUX JOCIIIKEHb IIOAO IMAaTOTCHETUIHMX 3a-
KOHOMIPHOCTE! pO3BUTKY MATOJIOTii MPUIIUTONOAIOHNX
3aJ103 Ta CTAAiHOCTI KJIIHIYHOTO Tepebiry rimeprnapaTu-
peo3y y OlpOMiHEHUX i HEOMTPOMiHEHMX OCi0.

MATEPIAJIN 1 METOJI
lNneprnaziro ITIHI3 (MKX-10: E21.0; E21.5) Ta aneHo-
mu ITHI3 (MKX-10: D35.1) BUsBAsSLIM 32 AOIIOMOIOIO
V3]l Ha 3araapHuUX npuHUMNax. OgHakK BBaXXaiu, 11O
He3mideHi T1L3 B HopMmanmbHOMY CTaHi He Bi3yaidy-
I0ThCsI, 00 30iratoThCs 32 CTPYKTYPOIO Ta €XOT€HHICTIO i3
TKkaHuHoto 13, sixa 3HaxoauThCcs nopyd. Llutomopdo-
JiorivHo kiaituHu TTII3 Ta I3 nyxe cxoxi. BusBneHHs
sminennx [1I3 (rimepmnnasisg, amenoma) 1mim yac Y3]1
CTaBaJI0O MOXJIMBUM 3a HasSIBHOCTi JOBIOTPUBAJIOro Harl-
PYXE€HHS B KaybllieBO-(OoChOpHili cucteMi abo mpu
¢opMyBaHHI MYXJIMHHOTO MPOLECY, KOAU BiaOyBaaocs
BiJOKpeMJIEHHSI LIMX OpraHiB 3a paXyHOK MOTOBILLEHHS
BiacHoi karcyau [1I3, mo mpusBoauiao g0 3MiHU
iXHBOI €XOTreHHOCTI Ta/ab0 CTPYKTYpH.
I'imepnapatupeo3 (MKX-10: E21) € kiiHiKo-1abopa-
TOPHUM CTaHOM, SIKMM JiarHOCTYETbCSI MPU HASIBHOCTI

sia) [1-3], while HPT is only an intermediate or
final stage here. Lack of awareness and vigilance in
the clinical practice regarding this insidious
parathyroid process leads to the late diagnosis and
ineffective treatment, which ends in surgical inter-
vention that could been avoided. We see a great
deal of confusion in theoretical and clinical con-
clusions related to the lack of research for a whole
class of parathyroid disease, sometimes unaware-
ness of therapists and specialists in ultrasound
diagnostics (sonographers), as well as imperfection
of health care systems in many countries world-
wide now.

It is unfortunate when, instead of simple and
inexpensive assay serum level of PTH at proper
time, the patient develops a wide range of health
problems that cannot be solved in short terms (sev-
eral years), while surgical treatment is then an only
solution. Although often a simple administration
of vitamin D in optimal and individual dosages
solves or prevents the problem or reduces the
aggressiveness of HPT.

Therefore, we decided to start a scientific discus-
sion on the clinical i.e. non-surgical aspects of
non-renal normocalcemic parathyroid disease
associated with vitamin D lack or deficiency.

OBJECTIVE

Analysis of data from literary sources and own sci-
entific research on pathogenetic patterns of the
development of parathyroid disease and staging of
clinical course of HPT in exposed and non-
exposed to ionizing radiation individuals.

MATERIALS AND METHODS

Parathyroid hyperplasia (ICD-10: E21.0; E21.5)
and parathyroid adenoma (ICD-10: D35.1) were
detected using diagnostic ultrasound according to
the general principles. However, it was believed
that the unchanged parathyroids in a normal state
are not visualized, because of similar structure and
echogenicity with thyroid tissue, located nearby.
Cytomorphologically the parathyroid and thyroid
cells are quite similar. Detection of abnormal
parathyroids (hyperplasia, adenoma) by the diag-
nostic ultrasound had become possible under a
long-term stress in the calcium-phosphorus sys-
tem or during the formation of a tumor process,
when these organs were visually separated due to
the thickening of parathyroid capsule and changed
echogenicity and/or structure.
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ninsuieHHs piBHs ITTI y cupoBaTiii KpoBi moHa1 HOpP-
My (10—65 rir/mo), a rimomapatupeo3 (MKX-10: E20) —
pY BUSBIIEHHI HU3BKOTO PiBHS. 3a KIIHIYHUMU TPOSI-
BaMHU i 1aboparopuumu Mapkepamu I'TIT noxpinsoTs Ha
TMEepBUHHUNI, BTOPUHHUI Ta TpeTWHHUM. [lepBUHHUIA
rinepnapatupeo3 (MKX-10: E21.0) miarHOCTYIOTh Npu
BUSIBJIEHHI OJHOYACHOTIO IIiJIBUILEHHS KOHIEHTpalil
IITT Ta ioHizoBaHOro (a00 3arajJibHOTO) KaJbllil0 Y CHU-
poBarTili KpoBi, HU3bKOIO (pocdopy, 4acTo Bizyasli3yloTh
3a JIOMOMOIOI0 Padioi30TONHUX METO/iB. 3a HallMMU
JaHMMU HaOIIbII YaCTUM BapiaHTOM TineprapaTUupeo-
3y (I'TIT) e came BropuHHuit HepeHanbHuit (MKX-10:
E21.1), axuii miarHOCTY€EThCS MPH MiABUILIEHHI piBHS Ma-
paTTOPMOHY Y CUPOBATLIi KPOBi Ha TJIi HOpMaJIbHO1 KOH-
HeHTpalii ioHizoBaHoro Kamblito (1,05—1,37 Mmob/m)
Ta HM3BKOro piBHS (Hecraya/mediumut) BiTamMiny D
[25(OH)D] B cupoBaTiii KpoBi, HMXXYE 3a 75 HMOJb/J
(30 Hr/m; KoedilieHT mepepaxyHKy 1 : 2,5 OOWHUIIL),
a00 BHACJIIOK MOXJIMBUX iHIIMX MpUYKH. [opMOHabHi
Ta JOJATKOBi MOCTIIXEHHS KPOBi MPOBOAWIMN Yy Cep-
TU(}iIKOBaHUX JJabOpaTOPisiX.

PE3VJIBTATU TA OBI'OBOPEHHS

AHaNniTUYHUI omIsAn TyOJiKaliii TokasaB, IO cepen
TOCTiTHUKIB HasiBHI Pi3Hi TyMKU 1IO/IO MTaTOTE€HE3y PO3-
BUTKY Ta KJiHiYHOro mnepebiry 3axBoproBaHb ITIII3.
IcHye He3HauyHa KilbKiCTb JIiKapiB HEXipypriyHOTO IIpO-
im0, KoTpa HaCTOpOXKeHa IIOAO0 IX MiarHOCTUKHU, BO-
JIoZli€ MOCTaTHIMM HaBUYKAMMU 1X TiarHOCTYBaHHS (YJIbT-
pa3BykoBe npociigkeHHs, piBHi IITI Tta Bitaminy D3 y
KpoBi). Y OiIbLIOCTI BUMTaAKiB MapaTUPEOiaHa ITaTOJIOTis
CTa€ BUMAJIKOBOIO 3HAXIIKOIO, 32 PaXyHOK ITOCTYIIOBOIO
i cTamiiHOro pO3BUTKY rinepTpodii adbo rimepruiasii
KJITUH. fK i OiIbIIiCTh TOPMOHAIBHUX 3aXBOPIOBAHb,
yepe3 CYOKJIiHIYHUI HeINoMidyeHUId PO3BUTOK, BOHA
JiaTHOCTYETHCS BXE€ Ha TTi3HiX eTarax, KOJM XipypriuHe
JIIKyBaHHS TilepKaJbli€Mii 3aIUIIAETbCS €EAUHUM Me-
TOJIOM YCYHEHHS HasBHUX TpobsieM. Xoda mpodilak-
TUYHEe ab0 CBO€YacHe IMpU3HadYeHHS BiTaminy D (abo
loro aHajioriB Ta MeTabOJIiTiB) y OiNBIIOCTI BUIIAIKiB
CIIPOMOXHE €(PEKTUBHO YCYBAaTHU IIMPOKY PO3IMOBCION-
JKeHIiCTh HecTadi/nediuuTy Bitaminy D, sika 3a maHUMU
HU3KU JOCTiIHKKIB BoHa csirae Bim 50 % mo 90 % st Ha-
ceJIeHHs pi3HUX KpaiH Ta KOHTUHEHTIB [7, §]. [Ibomy Ta-
KOX 3aBaXka€ BIiACYTHICTb €IMHMX MOIISAIB Ha MOTO
HOPMAaJIbHUI Ta JiKyBaJbHUI PiBEHb.

IlepBunHuit I'TIT nepeBaxkHO Bpaxae XXiHOK, IPUYO-
MY JOCTIIKEHHS TIOBiZOMJISIOTh PO CITiBBiIHOIIECHHS
JKiHOK 1 40oJIOBiKiB mTpuban3Ho 3—4/1,2 [9]. 3araioM 1o-
mmpenictb nepsuHHoro I'TIT B CIA ouinioBanacs 0,4 %
o 0,6 % [11], y mocmimkenni 2008—2009 pp. Ha piBHi

HPT (ICH-10: E21) is a clinical and laboratory
state, which is diagnosed as an increase in serum
PTH level above normal threshold (65 pg/ml), and
hypoparathyroidism (ICH-10: E20) is diagnosed
when a low PTH Ilevel is detected. According to
clinical manifestations and laboratory markers the
HPT can be primary, secondary and tertiary.
Primary HPT (MCX-10: E21.0) corresponds to a
simultaneous increase in the serum content of PTH
and ionized (or total) Ca along with low content of
phosphate. It is often visualized using the radioiso-
tope methods. According to our data, the most fre-
quent variant of HPT is the secondary non-renal
one (MKX-10: E21.1), diagnosed with an increase
in the serum level of PTH against normal serum
concentration of ionized Ca (1.05—1.37 mmol/I)
and low serum level (lack/deficiency) of vitamin D
[25(OH)D], namely below 75 nmol/l (30 ng/l;
conversion factor 1:2.5). Some other caused are
possible. Hormonal and additional blood tests were
performed in the certified laboratories.

RESULTS AND DISCUSSION

The analytical review of available publications
showed a range of different opinions among
researchers regarding the pathogenesis and clinical
course of parathyroid disease. There is a minority
of non-surgical medical practitioners who are wary
of its diagnosis and possess sufficient respective
diagnostic skills i.e. in diagnostic ultrasound and
serum PTH and vitamin Dj; assay. In most cases
the parathyroid disease becomes an accidental
finding because of gradual and staged development
of cellular hypertrophy or hyperplasia. Like most
hormone-dependent diseases, due to subclinical
unnoticed development, it is diagnosed already at
the late stages, when surgical treatment of hyper-
calcemia remains the only curative method.
Although prophylactic or timely administration of
vitamin D (or its analogs or metabolites) in most
cases can effectively normalize the widely preva-
lent lack/deficiency of vitamin D, which, accord-
ing to the data published by several researchers,
ranges from 50 % to 90 % in population of differ-
ent countries and continents [7, 8]. This is also
hindered by the lack of unified views on its normal
and therapeutic level.

Primary HPT predominantly affects females,
with studies reporting a female to male ratio of
approximately 3—4/1.2 [9]. Overall, the preva-
lence of primary HPT in the US has been estimat-
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0,86 % [10], a y IliBnenniin KanicdopHii BoHa 3pociia
BTpuui Mix 1995 i 2010 pp. [11]. MoxauBo 1e
MOB’s13aHO 3 TTOKpallleHHSIM JdiarHOCTyBaHHs. B iHIIO-
MY JOOCHiIXEHHI MEePBMHHUI HOPMOKAJIbLIEMIYHUMI
I'TIT (ITHITIT) cranoBuB 15,4 % Bin KiJIbKOCTi BCiX
nauieHTiB i3 nepsuHHuM I'TIT [12]. YacTtoTra BTOpUH-
anx HopMmokanbeliemiynux ['TIT (BHITIT) B mitepa-
Typi HE HABOAUTHCSI.

CraH npuwmTtonogioHnx 3ano3 nicns

Ail iIOHI3yI040ro BUNPOMiHIOBaHHS

Paniure, icropnuno BBaxainocs, 1o I3 € Ginbia
CTIMKMMM 10 i0Hi3ylOUOro BUIIPOMiHIOBAaHHS, HIX
L3, xoua Bim3Havayiocs, IO JIATEHTHUI Mepion po3-
BUTKY pamiauifiHoro I'TIT BensMu TpuBanuit (25—47
pokiB) [13]. IIpoTe Ha chOrOAHI HasIBHi MePEeKOHIMBI
JaHi Mpo Oinbll OJM3bKI 3a 4YacOM HACIiIKU OIpo-
miHeHHd 113, a okpeMi HOCTIIKEHHS YiTKO BKa3y-
IOThb Ha iXHIO YYTJIMBICTb OO BIUIMBY iOHi3yro4uol pa-
mgianii [12—15]. OnpomiHeHHS Ui 30iJbIIYE YacTOTY
ITHITIT [14—15].

Hacninku onpominenHs ITIHI3 oci6, mocTpaxna-
nmx BHachigok asapii Ha YAEC, Ha Xanb, moyann
BUBYATHU TiJILKA 4yepe3 25 poKiB ITicias KaTtacTpodu.
OpHak, 3 caMOro ITOYaTKy CTaJio SICHO, IO YMHHUKN
pagiauiiiHoi aBapii (i30Tonu ooy, 30BHILIHE TaMMa-
BUIIPOMiIHEHHSI, Ta OCOOJMBO i30TONM 1Le3il0 i
CTPOHIIiI0) BarOMO BIUIMHYJIM Ha 3pPOCTaHHS YaCTOTHU
nartoJiorii I3 (aneHowMm, rinepmaasziii, I'TIT) B oci0,
SKi 3a3Hau Aii HeraTuBHUX (hakTopiB HOpHOOMUIBCH-
Koi aBapii [1]. BusiBuiioch, 110 HaWOLIbII YacTo
rineprnasig I3 BusiBnsiaacs cepen eBakyioBaHUX
3 30-KM 30HM BIiOUyKeHHS (3a paxyHOK BIUIMBY
KOMOiHOBAaHOI'O OIIPOMiHEHHS i30TomamMu Hony,
CTPOHILIIO, 11€3il0, 30BHILIHBOIO TIaMa-BUIIPOMiHIO-
BaHHS), a Y MEIIKAHIUIB 3a0pyIHEHUX TEPUTOPIid, y
SIKUX B 1LIIJIOMY BHSIBJISUIM MEHIIIE palialliiiHO-acolli-
ioBaHOI MmaToJjiorii, HiX B Y4YaCHHUKIiB JdiKBigalii
HacuinkiB aBapii (YJIHA) na HAEC, Takox BUSBIIN
3HAYHY MOLIMPEHIiCTh (CKOpPilll 3a BCce, BHACIIOK OIl-
POMiHEHHS 3a PaXyHOK JOBrOTpUBAJIOi KOHTaMiHalii
i30TOonamu 1ie3ilo).

Yepes 27—32 poku miciisg ompoMiHeHHSI HaMW BCTa-
HOBJIeHA BHcoKa yactoTta rinepruiasiii ITI3 y ocio,
ornpoMiHeHux BHachigok aBapii Ha YAEC (puc. 1),
Mepll 3a Bce B eBaKyioBaHUX 3 30-KiJIOMETPOBO1 30HU
BimuyxeHHs (71,4 %; Y 2swca = 24,1; p = 0) Ta TpUBaIMIA
yac MEIIKAHIIIB pamioaKTMBHO 3a0pyIHEHUX TepHu-
topiit (41,7 %; Y2sca= 6,45; p < 0,01), 6e3 rineprapa-
tupeosy [16].

ed as 0.4 % to 0.6 % [11] and as 0.86 % in a
2008—2009 study [10], while in the Southern Ca-
lifornia it had tripled between 1995 and 2010 [11].
The latter was probably due to the improved diag-
nostics. In another study the primary normocal-
cemic HPT (PNHPT) accounted for 15.4 % of all
patients with primary HPT [12]. Incidence of the
secondary HPT is not given in the literature.

Parathyroid morphology and function upon
exposure to ionizing radiation

It was historically believed that parathyroids are more
resistant to ionizing radiation than thyroid, although it
was noted that the latent period of development of
radiation-induced HPT is very long (25—47 years)
[13]. However, at present, there are convincing data on
the nearer-term consequences of parathyroid expo-
sure, and some studies indicate their sensitivity to ion-
izing radiation [12—15]. Irradiation of neck increases
the frequency of PNHPT [14—15].

Unfortunately, the studies of consequences of
radiation exposure of persons affected by the
Chornobyl nuclear power plant (ChNPP) accident
began only 25 years upon. However, from the very
beginning it became clear that the factors of radia-
tion accident i.e. isotopes of iodine, external gamma
radiation, and especially isotopes of cesium and
strontium have had a significant impact on the inci-
dence increase of parathyroid disease (adenoma,
hyperplasia, HPT) in persons who were exposed to
unfavorable factors of the ChNPP accident [1]. It
turned out that parathyroid hyperplasia was most
often detected among evacuees from the 30-km
exclusion zone (due to the effect of combined irradi-
ation with isotopes of iodine, strontium, cesium and
external gamma radiation) and residents of contam-
inated territories, in whom, in general, the less radi-
ation-associated disorders were revealed than in the
ChNPP accident clean-up workers (ACCW), but
along with significant prevalence of just parathyroid
diseases most likely due to exposure from a long-
term contamination with radioactive cesium iso-
topes).

A high frequency of parathyroid hyperplasia was
established in the ChNPP accident survivors 27—32
years upon exposure (Fig. 1), primarily in evacuees
from the 30-kilometer exclusion zone (71.4%;
Y vaes = 24.1; p = 0) and residents of radioactively
contaminated areas (41.7%; 2vaess = 6.45; p < 0.01),
with no HPT [16].
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Hani mpo miaBuieHuit BMicT y KpoBi I1TT ta Hapiui-
koBuit pusuk I'TIT cBoro yacy Oyiau oryOJaikoBaHi
SIMOHCHKMMU aBTOpaMU 3a pe3yjbTaTaMM TPUBAIUX
JIOCTiIXKEHb Y 0Ci0, sIKi TTepeXUIu aTOMHi OomMbapyBaH-
H4 [17]. 3a y3araabHeHUMM pe3yJbTaTaMu, cepel Bimaa-
JIEHUX pafiallifH1X e(heKTiB BUITPOMiHIOBaHHS BiJl aTOM-
HUX BUOYXiB 100OposikicHi HoBoyTBopeHHs TTII3 Ta 1113
€ CTATUCTUYHO JOCTOBIpHUMMU Ta J0303aJeXXHUMMU [17].

HemonaBHo 3’9BUKCS AaHi 111010 HAROIMKUMX TTapa-
TUpeoinHuX eeKTiB MpoMeHeBoi Teparii [18—20]. Har-
pUKJIa, 30BHIllIHS TPOMeHeBa Tepartisi MoB’si3aHa 3 py-
3ukoMm BuHUKHeHH ['TIT 3 matenTHNM miepiomom 20—45
POKiB, TOJi SIK iOHi3yloue ONMPOMiHEHHS pagioaKTUBHUM
MOIOM TOCTOBIPHO 3arpoXXy€ BUHMKHEHHSIM Tirnomnapa-
TUpPEO3y B KopoTiui TepMinu [19, 20]. Beabmu BapTi yBa-
T4 BiIOMOCTi PO T€, 1110 NMPOMEHEBUI BILUIUB Y IUTSYO-
My Billi BUPi3HSIETLCS, 3 OJHOTO OOKY, JEIIO MEHILOI
yactoToro BUHUKHeHHs ['TIT, mpoTte ii HabaraTo KOpoT-
ILIMM JIATEHTHUM TIepiogoM MosiBU eekTy — MeHue 20
pokiB y ~80 % Bumnankis [19].

Takum ynHoM, pociimkeHHs crany I3 y Bigmane-
HOMY Mepiofi onmpoMiHeHHsT BHaciaoK aBapii Ha YAEC
JEeMOHCTpYE, 110 Tinepruiaszis i aneHomu TTII3 ta rinep-
napaTupeo3 € MOB’SI3aHUMM CTaHaMU TTicHId Aii pamia-
LiAHMX YUHHUKIB.

Finepnnasia npuwmTonoaioHMX 3a503 Ta poJib
YJNbTPa3BYKOBOI AiiarHOCTUKM

IMatonoris 113, B isiomy, € GiJIbII TSXKKOIO HixXK 3aXBO-
proBaHHg 113, ii mepeOir mBHaIIE (32 AEKiJIbKa POKiB)
OpU3BOAUTH 10 XipypriyHoro jgikyBaHHs ITII13 ta iHBa-
migm3anii. inmeprnazig T3 € nepmmM rmposiBoM ix Tma-

PuUcyHoK 1. Yactota BusaBneHHs rinepnnasii
NpUUTONOAIOHUX 330103, BCTAHOBJIEHOT NpU
npoBefAeHHi yNbTPa3BYKOBOro AOCTIAKEHHS, 32
rpynamu eynapatupeoigHux JOpoC/uX ocCib,
onpomiHeHUx BHacnifoK aBapii Ha YAEC, B
nopiBHAHHI 3 KoHTponeM, (n = 1 534 ocib)

Figure 1. Incidence of parathyroid hyperplasia
detected by diagnostic ultrasound in euparathy-
roid adults exposed to ionizing radiation after
the ChNPP accident vs. control (n = 1534)

Data on the increased serum content of PTH and
excessive risk of HPT were once published by
Japanese authors based on the results of long-term
survey of the atomic bombing survivors [17].
According to generalized data, the increased inci-
dence of benign thyroid and parathyroid neoplasms
among the late radiation effects of atomic explosions
are statistically reliable and dose-dependent [17].

Recently, data on the immediate parathyroid
effects of radiation therapy have appeared [18—20].
For example the external beam radiation therapy is
associated with HPT risk with a latent period of
20—45 years, while exposure to radioactive iodine
reliably threatens the occurrence of hypoparathy-
roidism in a shorter time [19, 20]. It is worth not-
ing the information that radiation exposure in
childhood features, on the one hand, a slightly
lower frequency of HPT, but also a much shorter
latent period of the appearance of the effect i.e.
less than 20 years in ~80 % of cases [19].

Thus, the study of state of parathyroids in the
late period upon irradiation after the ChNPP acci-
dent demonstrated that parathyroid hyperplasia,
adenoma and HPT are related conditions after
exposure to ionizing radiation.

Parathyroid hyperplasia and role of
ultrasound diagnostics

Parathyroid disorders are in general more severe
than thyroid disease, its clinical course is faster (in
several years) resulting in the required surgical treat-
ment and disability. Parathyroid hyperplasia is the
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TOJIOTi1, SIKa Iy»Ke 4acTo 3aJUIIAEThCS HEMOMiIUeHOIO,
a KOXHUI Apyruii mamieHT 3 rimepruiasiero 3a 2—35
poKiB Oyae MaTu HopMoKaJbLiemiyHuii I'TIT.

Henoouinka nommpenocti narojorii [T 3, rinepmn-
JIa3ii TOI10, MPU3BOIUTH A0 IIUPOKOIO CIIEKTPY Mpoo-
JieM, acolilloBaHUX 3 TimeprnapaTupeo3oM (OCTeOoIo-
poO3, CeplLeBO-CYAMHHI Ta HEBPOJIOTiYHI MpodieMHu,
iHIIi TIOPYIIEHHS), MOTIpIIeHHS SKOCTi XUTTS Ta
iHBanmigu3auii HaceneHHs. Y31 TTI3 9K cKpuHiHTrO-
BUIl MeTod € ayxXe e(MEeKTUBHUM i Oe3MeuyHuM s
pPaHHbOI Ta CBOEYACHOI JiarHOCTUKM 3MiH. K 3a3Ha-
4aloTh, IKicTb Y3/ opraHiB 1I1i CUJIBHO 3aJIeKUTh Bill
KkBamidikanii ¢axiBus (ormeparopa), Moro mocBimy Ta
3HaHb.

B Hamomy gociigKeHHi MU JOBUILHUM YMHOM Bi-
niopanu 150 mauienris 3 rinepruiaziero 1113, 3 Hux y
109 mamienTa (72,6 %) cnocrepiraBcst eynapatupeos
Ha Tt Bigyanizauwii ITI3, y 41 oco6u (27,3 %) criocre-
piraBcst HOpMOKAaIbLIIEMIYHUM rinepriapaTupeos. Y BCix
oci6o (100 %) piBeHn BitaMmiHy D crmoyaTky OyB HUXK4e
75 umonb/n (30 Hr/min). Y Tpbox ocib (2 %) Bizyanizo-
BaHi IIII[3 manu yabTpa3BYyKOBi O3HAKU aaeHOMU
OJHi€l 3 OeKinbKoX BuUsiBJeHMX. IHIII BidyayizoBaHi
ITII3 6ynu mooauHOKi y 72 oci6 (48 %), nekinabka (Big
JIBOX JIO I€B’SITU IITYK) AiarHOCTYBaJIM y iHIIUX 47 0oCci0
(31,3 %). TobTO, Y YaCTMHU MALli€EHTIB OAHOYACHO BU-
SBJISIN i ageHomH i rineprurasii [T 3, mo He BUKITIO-
4aJio OJTHE iHIIIE.

Hamr mocBin yasTpasBykoBoro ckpuHinry ITHI3 ta
I3 ctaHoBUTH 1JIs1 BUMTAAKOBUX nauieHTiB 1o 1 500—
2 000 ocib6 Ha pik, 3 YMclIa OIPOMIHEHMX Ta HEOII-
pOMiHeHUX, TPOTIromM ocTaHHix 10 pokiB. BiH cBia-
YUTb TIPO TE, 110 y MalieHTa Moxe OyTH OJHa afcHOMa
abo onHa rinepniazig 111113, a B iHIIKMX BUOagKax ae-
KilbKa ajeHoM abo [eKinbKa Tinepruiasiii, a Takox
4YacTO CIIOCTEpIra€EThbcsl OJHOYACHA MiarHOCTMKA Je-
KiJIbKOX rinepraziii Ta ageHomu ITIIL3. IToctae nu-
TaHHS: SK AudepeHLiloBaTh BUsBAeHi nipu Y3]I ne-
kinpka I3, me € rimepmiazisa, a me aneHoma? Bsa-
JKa€EMO, 1110 116 HEMOXJIMBO B aMOYyJaTOPHUX YMOBaXx,
0e3 MpoBeJeHHS J0JATKOBUX KOLUTOBHUX JOCIiIKEeHb
(umrToMopdoioris, i30TONMHE CKAaHyBaHHS), aje Mpu
30epiraHHi HOpMOKaabLeMii B LIbOMY HEMAE CEHCY.

B nyGnikaiisix mokaszaHo, 1110 HasiBHiCTb HaIpy>KeH-
Hd B KajbllieBo-QochopHiit cucteMi 3a paxyHOK
MOTiPIIEHHST KUILIKOBOI a0COpOLIil KaJlblil0 MPU3BO-
IuTh g0 30ibieHHs: cekpeuii IITI, a tTaka TpuBana
CTUMYJISILLISI TPU3BOAWTD, B CBOIO YEpry A0 Tinepruiasii
I3 [7, 21]. Knitunu T3, 9k npaBuio, 3Haxo-
JISThCS Y CTaHi CIOKOIO i PiIKO AiNSATHCS 32 HOpMasb-
HUX (i3ioNoTiYHNX YMOB, ajie IIBUIKICTh KJIITMHHOL

first manifestation of its disorder, which very often re-
mains unnoticed, and every second patient with hyper-
plasia in 2—5 years will have the normocalcemic GPT.

Underestimation of the prevalence of parathyroid
disordersi.e. hyperplasia, etc., leads to a wide range of
problems associated with HPT (osteoporosis, cardio-
vascular and neurological disorders), deterioration of
the quality of life and disability. Parathyroid diagnos-
tic ultrasound as a screening method is very effective
and safe for the early and timely diagnosis. As noted,
the quality of ultrasound visualization of the neck tis-
sues strongly depends on qualification of the medical
sonographer — his/her experience and knowledge.

In our study, we randomly selected the patients
with parathyroid hyperplasia (n = 150). Out of them,
109 patients (72.6 %) had euparathyroidism on the
background of parathyroid imaging and 41 persons
(27.3 %) had normocalcemic HPT. Serum levels of
vitamin D below 75 nmol/L (30 ng/mL) were as-
sayed at baseline in all study subjects. In three persons
(2 %) the visualized parathyroids had ultrasound signs
of one adenoma from several revealed. Other visual-
ized parathyroids were single in 72 people (48 %),
multiple (from 2 to 9 ones) were diagnosed in anoth-
er 47 people (31.3%). That is, parathyroid adenoma
and hyperplasia were simultaneously detected in
some patients, which did not exclude each other.

Our experience in the thyroid and parathyroid
ultrasound screening for the last 10 years is up to
1500—2000 random patients per year from those ex-
posed and non-exposed to ionizing radiation. It
indicates that a patient may have one parathyroid
adenoma or one hyperplasia, while in other cases
there may be several adenomas or hyperplasia of sev-
eral glands, and finally not rare there are simultane-
ously multiple parathyroid adenomas with multiple
parathyroid hyperplasia. So, there is a challenge how
to differentiate parathyroid hyperplasia and parathy-
roid adenoma if several parathyroids are detected by
diagnostic ultrasound? We believe that this is not
possible in outpatient setting without conducting the
additional expensive examinations and tests (cyto-
morphology, isotope scanning), but it does not make
sense when normocalcemia remains preserved.

Publications show that the strain in calcium-phos-
phorus system due to abnormal intestinal absorption
of calcium leads to the increased PTH secretion,
and if such stimulation is long-term it results, in
turn, in parathyroid hyperplasia [7, 21]. Parathyroid
cells are generally in a resting state and rarely divide
under normal physiological conditions, but the rate
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npoJtidpepaltii Moxe 30iIbLIYBATACS y BiIMOBiAb Ha
MIiTOT€HHI CTUMYJIU, TaKi K TinoKaabLieMis, aeilluT
25(OH)D Ta 3aTtpumka ¢ocdopy, IK 1ie crocTepira-
€TbCS, HAIIPUKJIAM, B YMOBax XPOHiIYHOI XBOPOOM HU-
pok (XXH) abo HecTaui Kaybllito [22].

Hamii crioctepekeHHs1 cBigyaTh Ipo Te, IO Haid-
Ooinpin momupeHnMHU TpobiaemMamu I3 e ixHsa
rirepriasis, 10OpoOsSIKiCHiI aAe¢HOMM Ta BTOPUHHI Hepe-
HaJbHI TinmeprnapaTupeo3u. IHIII mpobiieMu € Tyxe
piaKicHUMM (TimorapaTupeos, pak), B Ll CTaTTi oc-
TaHHIX MU He OyeMo TopKaTucs. BiiCyTHICTb €IMHUX
ysSIBJIEHb TMPU3BOIUTH IO TOro, 110 (axiBLi pi3HUX
creniaJbHOCTEN (Xipypru, KJiHiYHI €HIOKPWUHOJOIU
Ta LIMTOJIOTM) MalOTh PO30iXKHOCTI y PO3YyMiHHIi, 11O Ta-
Ke, Hanpukinian, rineprutasis [TI3. 3 kaiHigHOT TOYKN!
30py rinepruiasisg Oyab-sIKOTO OpraHy O03Haya€ po3M-
HOXKEHHSI KiJIbKOCTI IXHiX KJiTUH, 110 OPU3BOAUTH A0
30iIbIIIEHHS] 00’€MY OpraHy B LILJIOMY.

Kinpkicts Bugsnennx npu Y3/ 1113 B moganpiio-
MY He BIUIMBaJla Ha pO3BUTOK TrileprnapaTupeosy. Mu
He 0aumMo 3ajnexHocTi: «ogHa ITI3 — e ageHoMma,
JIekinbka — rinepruiasis». Ckopiuie 3a Bce, e Mid.
KoHcepBaTuBHi NOMISIAM Ta HEAOCTATHICTh KJIIHIUHUX
JOCIiIKeHb He Jal0Th 1e modaynTtu. OgHaK, CUTYyallis
MOTPOXY MOKPALLYETHCS, 3’ SIBJISIIOTHCS HOBI MyOJTiKalii
SIKi 3MiHIOIOTh 3acTapiii nmorusiam [7, 22—23].

B uinomy, 3a LIUTOJOTIYHUMU YSIBJIEHHSIMU Tilepn-
Jla3isg TKaHWHU — e ¢dizionoriuHa abo maroJioriyHa
aKTHBAllisl YTBOPEHHS HOBUX KJITMH y HOPMaJbHil
TKaHWHI a00 opraHi, BOHa MOXe OyTU 03HaKOI aHO-
MaJIbHUX 3MiH, a yepe3 CTailo AMCIa3il nepeiTu 1o
paky. Illogo ITII3 TepMiH «rinepriasis» € 30ipHUM
TMOHSTTSAM, OXOIUIIOE pPi3HiI MATOJIOTiYHiI 3MiHM, a
daxiBLi pi3HUX cIeliaJbHOCTe OayaTh B Tinepruiasii
1och cBO€E. Jluaema nojsrae B TOMY, 11O TinepIruiasis
IIII13 mae mporpecuBHUI cTamifiHuii martodizioso-
TiYHUI PO3BUTOK, CIIOYATKY € rimepTpodis Ta rimepri-
JIa3isl KJIiTUH, a TOTiM BiOYyBa€THCH X MyXJIMHHA (100-
posikicHa) TpaHcdopMallis, SKa 3aKiHYYETHCS aaeHO-
MOIO i TinepyHKIi€O.

71 1IATOOTIB BaXJIMBUM CTAa€ BMiHHS PO3Pi3HATH
kiituau T1II3 ta I3 3a momomorow acmoipauiiiHol
MYHKLiMHOI 6iomncii, OCKiJIbKM 1Ii KJIITUHU LIUTOMOP-
domnoriuHo HaaTo cxoxi [26]. YacTo acmipauiiiHa
MyHKIiliHa OioTiCisl, HE MOXe BiIOKPEMUTU KJITUHU
I3 Ta ITII3 yepe3 BUCOKY KIITUHHICTb i BiICYTHICTb
kosoiny [27]. BukopucToByioun SIKyChb OIHY ITUTO-
JIOTIYHY O3HaKy He BIAEThCS iX AUdepeHliloBaTH,
MO€NHAHHS AEKiAbKOX paHillle BiAMiYeHUX LUTO-
JIOTIYHUX TTapaMeTpiB 30i1blIye UMOBIPHICTh AiarHOC-
tyBaHHs KJiTUH [TLI3 [28]. Oco6a1BO KOPUCHUM I

of cell proliferation can increase in response to
mitogenic stimuli such as hypocalcemia, 25(OH)D
deficiency, and phosphorus retention, as seen, for
example, in chronic kidney disease (CKD) or calci-
um deficiency [22].

Our observations indicate that hyperplasia, benign
adenoma and secondary non-renal HPT are the most
common parathyroid disorders. Other diseases, i.e.
hypoparathyroidism and cancer are quite rare, thus
we will not cover them in this paper. Lack of general-
ly accepted opinion leads to the fact that medical
practitioners in different specialties i.e. surgeons,
endocrinologists and cytologists understand differ-
ently what, for example, parathyroid hyperplasia is.
From a clinical point of view, hyperplasia of any organ
means an increase in the number of its cells, which
leads to increased volume of the organ as a whole.

Number of parathyroids detected by diagnostic
ultrasound did not affect the development of HPT.
We had seen no any dependence that «one parathy-
roid is an adenoma, while several ones are hyperpla-
sia». Most likely, this is a myth. Conservative views
and lack of clinical research do not allow seeing this.
However, the situation is gradually improving, new
publications are appearing that change the outdated
views [7, 22—-235].

In general, according to cytological concepts the
tissue hyperplasia is a physiological or pathological
activation of the formation of new cells in a normal
tissue or organ. It can be a sign of abnormal changes,
and through the stage of dysplasia it can evolve into
cancer. With regard to parathyroids the term «hyper-
plasia» is a collective concept, as it covers various
pathological changes, and specialists of different spe-
cialties see something different in it. The dilemma is
that parathyroid hyperplasia features a progressive
stepwise pathophysiological development: first there
is hypertrophy and hyperplasia of cells, and then their
tumor transformation occurs (benign one), which
ends with adenoma and hyperfunction.

For the cytologists it becomes important to distin-
guish the thyroid and parathyroid cells obtained by
means of the fine-needle aspiration biopsy
(FNAB), since these cells are cytomorphologically
too similar [26]. Often it is impossible to separate
parathyroid and thyroid cells obtained with FNAB
due to high cellularity and absence of colloid in the
specimen [27]. Using a single cytological feature it is
not possible to differentiate them, while combination
of the several specific cytological parameters increas-
es the probability of identification of parathyroid
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IILOTO € aHaJli3 MapaTrTOPMOHY B acIlipaTi BUITaIKOBO
orpuMmaHux KiaituH ITII3 [28], oaHak HaKOLIbLI
HaJilHUMU € TeCTU Ha XpoMorpaHiH A abo cuHam-
Todi3uH [27], aKuUX He OyBa€ y TUPEOLIUTAX.

Jlikapi XipypriuHoro npodijio BBaXXarThb IO Tinep-
mnagzig ITII3 — 1e 9K MiHiMyM IyXJMHa, sKa Ipoay-
Kye Oarato IITI, ane ska 11e He mepeTBOpuUJacs Ha
aneHoMy I3 3 HagIMIIIKOM KaJbliio Y KpoBi. ToOTO
ixHe OadyeHHS TToJIsIra€ B TOMY, 110 ko icHye I'TIT, To
e gxio He kinacuyHuii TITTIT, To HOpMOKaJbIi€-
miynauii [ITTIT. OpHak, 3a €BporeiicbKiM KOHCEHCY-
com PARAT 2021 (po3zain Q2) 3a3HavaeThcsa [24], 110
ITHITIT € piarHOo30M BUKJIIOUEHHSI, HOTO MOXHa
pO3rIaAaTU JIMILE Micasl PeTeIbHOr0 BMKIIOYEHHS
npudrH BropuHHoro I'TIT, skino € GioxiMiuHi 03HaKU
nocriitHoro (> 3 micsuiB) nmigBuineHoro pisHs [1TT Ha
TJ1i HE3MiHHO HOPMAaJIbHOTO PiBHS Kasbliito (i0Hi30Ba-
HOro abo CKOPMIoBaHOTrO 3a aJbOyMiHOM) Ha OCHOBI
cepiliHuX 1abopaTOPHUX BUMipIOBaHb.

Bimomo, 1110 po3BUTOK OYIb-SIKUX IMyXJIWUH, OJ0OPO-
SIKICHUX a00 3JI0SKiCHUX, (POPMYETHCS Uepe3 BUHUK-
HEHH$1 MyTaliil. BBaxaeTbcs, 110 SIKIIO MyTallisl BU-
Hukna B onHii I3, 9K HACTiZOK YTBOPIOETHCS azie-
HOMa, a SKIIO B AEKiIbKOX — (DOPMYETHCS Timepr-
Jazig. OnHaK, 3 KJIIHIYHOI TOYKU 30py PO3PI3HUTH TaKi
npolecyu 10 iX pe3eKllii Ta TiCTOJOTiYHOTo aHalli3zy
KIITUHHOI MOp@doioTii mpaKTUIHO HeMOXuBo. On-
HoyacHe yTBopeHHs MyTaliit B ycix I3 HaBpsia yun
MOXJWBE, 1I¢ ITOCTYMOBUM Mpoliec, a MOOAWHOKA
I3 niarHocToBaHa Ha Y3]I MoXe BUSIBUTHUCS OyIb-
YUM, K Tilepruiasieio, Tak i MyxXJIMHOIO (aJeHOMOIO).
HapiiiHux o3HaK yacTinie 3a Bce He iCHY€E, iHKOIU, KO-
Jqu ITI3 Haragye 3a cTpykTyporo By3oa I3, moxHa
KazaTtu 1po ageHomy TTITI3.

3 TOYKM 30py YABTPA3BYKOBOI TiarHOCTUKUA HOP-
manbHi He3MiHeHi ITII3 3a cTpykTyporo Ta exoreH-
HICTIO CKJIQTHO BiJIpi3HUTH Bill OTOUYIOUOI TUPEOiTHOL
TKaHWHMU i He Bi3yalli3yBaT, OCKiJIbKM MOP(HOJIOriYHO
i KITiTMHU nyxe cxoxi. Komm 3’aBnsieThes (iziono-
riyHe HaIpyXeHHSs, iXHS KarcyJja MOTOBIIYEThCS, 3a
paxyHok yoro I3 cTaioTh BUAIUMUMU, OKOHTYpPOBa-
HUMM, BUSBISATBCS I1XHsS Tinepruiazisg. ocmiakeHHs
mokasyioTs, mo po3mip [MI3 Ta possuroxk I'TIT He
MaloTh YiTKOTO 3B’SI3KY, X0ua iCHY€E cjlabKa TeHIeHILIis
Mixk HuUMHU. 3MmiHa exoreHHocTi ITII3 BinOyBaeThcs
ni3Hie, 3 yacom. Lli mpouecu MOXyTb MaTu 3BOPOT-
HUI PO3BUTOK IIPU 3aCTOCYBaHHI IIPaBUIBHOTO IIPU3-
HadyeHHS NMpodilakKTUIHUX a00 JIiKyBaJIbHUX 103 BiTa-
MiHy D, iHOi 1OIaTKOBUX PEYOBUH.

ITy6aikauii cBiguaTh, o myTauii B JIHK kitiTuH Mo-
XKYTb OyTH MaTOJOTIYHUMU MIPUUMHAMU PO3BUTKY ajie-

cells [28]. Assay of PTH in the aspirate of randomly
obtained cells is particularly useful here [28], but the
test for chromogranin A or synaptophysin [27],
which are absent in thyrocytes, is the most reliable.

Surgeons believe that parathyroid hyperplasia is at
least a tumor that emits a lot of PTG, but which has
not yet turned into parathyroid adenoma with an
excess of calcium in the blood. That is, their vision is
that if there is a HPT, then it is if not classic primary
HPT, then a normocalcemic one. However, accord-
ing to the PARAT 2021 European Consensus (sec-
tion Q?2) it is noted [24] that PNHPT is a diagnosis
of exclusion i.e. it can be considered only after care-
ful exclusion of the causes of secondary HPT if there
are biochemical signs of the persistently (> 3
months) elevated PTH level on a background of
consistently normal serum content of calcium (ion-
ized or albumin-corrected) based on serial laborato-
ry measurements.

It is known that the development of any tumors,
benign or malignant, is formed due to the mutations.
It is believed that if the mutation occurred in one
parathyroid, an adenoma is formed as a result, and if
in several, hyperplasia is formed. However, from a
clinical point of view, it is practically impossible to dis-
tinguish such processes before their surgical resection
and examination of cellular morphology. The simulta-
neous formation of mutations in all parathyroids is
hardly possible, it is a gradual process, and a single pa-
rathyroid detected by diagnostic ultrasound can be
anything, both hyperplasia and tumor (adenoma).
Most often there are no reliable signs, but sometimes,
when the structure of parathyroid resembles a thyroid
nodule, it is possible to consider an adenoma.

From the point of view of ultrasound diagnostics,
normal, unaltered parathyroid structure and
echogenicity match the surrounding thyroid tissue
and are not visualized, as their cells are morpholog-
ically very similar. When physiological stress occurs,
their capsules thicken, due to which they become
visible, contoured, thus their hyperplasia becomes
detectable. Studies show that parathyroid size and
development of HPT have no clear relationship,
although there is a weak trend between them.
Changes in parathyroid echogenicity occur later,
over time. These processes can be reversed with the
use of correctly prescribed vitamin D in prophylac-
tic or therapeutic doses or sometimes of extra med-
ications or additives.

Publications indicate that mutations in the DNA
of cells can be the pathological causes of develop-
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HoM Ta rinepraziit TTII3, sKi MoXyTh OyTH cIpU4u-
HEHi 30BHIillIHIMK 200 BHYTPilLIHIMWA YWHHUKAMU, TaKW-
MU SIK TEHETUYHa CXWJIbHICTh, iOHi3yl0u€ BUIIPOMIiHIO-
BaHHs [16—20], misg XiMiYHMX PEYOBUH (EKOJIOTIYHMX
abo MenuKaMeHTO3HUX) [24]. B Hamumx ronepenHix po-
0oTax MpPOAEMOHCTPOBaHA Pi3HULS YaCTOTH TimepIl-
Jlaziii Ta HEpeHaJIbHUX TileprapaTUpeo3iB y ONpoMiHe-
HOT'0 Ta HEONMPOMiHEHOIro HaceleHHs. Takox, Timepri-
JIa3isgd MOXe OyTH KOMITEHCAaTOPHOIO BiIMIOBIUIIO HA 3HU-
JKEHHSI piBHSI Kasbllil0o B KPOBI, SIKE MOXE BUHUKATU 3
Pi3HUX MPUYNH, BKIIOYaroun aedinut Bitaminy D abo
XapuyBaHHs [24].

IcHYIOTH iHIII YMHHUKH, SIKi OepyTh Y4acTh B maTore-
He3si rinepruiazii ITHI3, a iXHill pO3BUTOK i TSKKIiCTb
MoB’s13aHi 31 3HMKEHHSIM aKTUBHOCTI (KiJTbKOCTi) pe-
nenTopiB Bitaminy D (VDR) i penenropis, 110 cripuii-
maroTh Kanbliit (CaSR) [22]. Takox, 10 MOJAEKYJ, sIKi
acouiifoBaHi 3 po3BuTkoM rinepruiaszii I3, BigHOCATD
TpaHchopmyrounii pakTop pocty anbda (TGF-o) i itoro
peLenTop, pelenTop eligepMalbHOIro (akTopa poCTy
(EGFR). BumiproBaHHSI HU3bKOIO MOYaTKOBOTO PiBHSI
iHTaKTHOTO (hbakTOpa pocTy (pibpodaactiB-23 (FGF23) y
CUPOBATLi KPOBi, IKUIA CEKPETYETbCSI OCTEOLUTAMU, €
XOPOILIMM CKPUHIiHTOBUM TECTOM ISl MPOTHO3YBaHHS
JJIs MALi€EHTIB, Y SKUX BTOPMHHUI TineprnapaTUpeos
PO3BUHETHCS MPOTSAroM 2 pokiB [22]. Binomo, mo FGF-
23 ne monymioe cekperito I1TI 6e3mocepenHno, ajae Mo-
K€ poOUTHU 1€ OIOCepeaKOBaHO, PEryJoidyd MeTado-
J1i3M ¢ocdaris Ta Bitaminy D [7].

Takoxx noBimomisiocs, 1o VDR HeraTUBHO KOpentoe
§IK 3 Barolo, Tax i 3 mpostideparuBHOIO akTUBHICTIO 11113,
a 1€ BBaXKa€ThCS TOJJOBHUM YMHHUKOM pedpaKTepHOIO
rimeprnapaTupeo3y y Malli€HTIB 3 BY3J0BOIO TillepIuiasi-
€10, MaJOYYTJIMWBOIO 10 JIiKyBaHHS TpemnapaTaMmu
Bitaminy D [22].

MocnipgoBHiCTb cTaginHOCTI NaToreHesy
naTonorii npuwMTOoNnoAioHUX 3an03

o cboroaHi aesiki jJikapi BBaxawTb, 1o I[THI'TIT moxe
OyTH CIPUYMHEHUI OAMHWYHOIO aJeHOMON, MHOXWH-
HUMU afgeHoMaMu abo MoJirIaHAyJSpHOI0 Timepr-
naziero T3, gk i npu KJIIACUYHOMY THUMi TinmepKaib-
miemignoro mepsuHHoro I[TIT [23]. Opnak iAmri
JOCTiIIHUKM BBaXalwTh, IO ajJeHOMa i Tinepruiasis
ITII3 € pizHUMU MOPDOJOTIYHUMU TTPOSIBAMU OHOTO I
TOT'O CaMOTO TIpolecy. MU IiaATPUMYEMO 1110 TOUKY 30pY.
Buxopsiuu 3 Toro, 1110 0yab-sIKMi MaTOJOTIYHUI MTpoLiec
Ma€ MOCTYIMOBUM 1 CTamiliHWII PO3BUTOK, IATOJOTis
T3 mpoxoauTh eTanmu 3MiH Bil. HOPMaJbHUX IO
rinepmiasii-aieHOMU-rinepnapaTupeo3y-rinepKablli-
eMil.

ment of parathyroid adenoma and hyperplasia,
which can be triggered by external or internal fac-
tors, such as genetic predisposition, ionizing radi-
ation [16—20], exposure to chemical substances
either environmental or medicinal [24]. In our
previous research the difference in frequency of
hyperplasia and non-renal HPT in the irradiated
and non-irradiated population was demonstrated.
Also, hyperplasia may be a compensatory response
to a decreased blood calcium levels, which may
occur due to various causes, including vitamin D
deficiency or abnormal nutrition [24].

There are other factors involved in pathogenesis
of parathyroid hyperplasia. Its development and
severity are associated with a decreased activity
(number) of vitamin D receptors (VDR) and cal-
cium-sensing receptors (CaSR) [22]. Also the
transforming growth factor alpha (TGF-o) and its
receptor, the epidermal growth factor receptor
(EGFR), are among molecules associated with the
development of parathyroid hyperplasia. Assay of a
low baseline serum level of the intact fibroblast
growth factor-23 (FGF-23), secreted by osteo-
cytes, is a good screening test to select the patients
in whom secondary HPT very likely will develop
within 2 years [22]. It is known that FGF-23 does
not modulate PTH secretion directly, but may do
so indirectly by regulating the phosphate and vita-
min D metabolism [7].

It has also been reported that VDR is negatively
correlated with both parathyroid mass and prolif-
erative activity, being considered the main factor in
refractory HPT in patients with nodular hyperpla-
sia poorly responsive to treatment with vitamin D
medications [22].

Sequence of pathogenetic staging

of parathyroid disorders

Some medical practitioners until today believe that
PNHPT can be caused by a single parathyroid
adenoma, multiple adenomas, or polyglandular
hyperplasia as in the classic type of hypercalcemic
primary GPT [23]. However, other researchers
believe that parathyroid adenoma and hyperplasia
are the different morphological manifestations of
the same process. We support this point of view. On
the basis of fact that any pathological process has a
gradual and staged development, the parathyroid
disorder goes through stages of changes from nor-
mal to the sequence of hyperplasia-adenoma-
hyperparathyroidism-hypercalcemia.
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Tak, y K11040Biil poOOTi BiTOMUX SIMTOHCHKUX aBTOPiB
Jy>ke BAAJIO TOKazaHa CTaAilHICTb maToreHe3y IaTo-
srorii I3 Bix HOpMmu 10 aneHomu [22]. Ha mouaTkoBiit
cramii XXH, axy Bonu BuBuanu, ITII3 cekpeTyioTs i
cuHTte3ytoTh [TTT y BinnoBiabs Ha MiABUILIEHY MTOTPEOY, a
kiituHu IT13 3rogoM nmouynHanu npoaidepyBaTu, 1110
npu3BoaIo a0 mudysHoi rinmeprutasii [22]. Jegki
xiituau T3 3 nndy3Hoto rinepruiazieo BUXOIUIN 3-
i MeXaHi3MiB KOHTPOJTIO KJTITUHHOTI'O LIMKJTY Ta aKTHB-
HO TpoJjidepyBajii, YTBOPIOIOUM HEBEJMKI BY3JIMKU,
KOXEH 3 SKMX MaB MOHOKJIOHAJIbHE TTOXOMKEeHHS [23].
Taxki By3n1uKku cKaagaoThes 3 OiIbII HIITBHO YITaKoBa-
HUX KJIITHMH, SKi MalOTh OiIbIII spa Ta OUIbIINY MO~
PEHICTh MapKepiB KIITUHHOIO LMKy, OKCU@ITIB i
allMHAPHUX KJIITUH IMOPiBHSIHO 3 TUMU, 110 CIOCTEPi-
raloThes Tpu nuy3Hil rimeprasii [22]. Koau i By3-
JINKY 3HAYHO 301IbIIYIOTHCS Ta CTAlOTh iHKAIICYJIhOBA -
HUMMU, 3271031 HA3MBaIOTh «BY3JIOBOIO TiMepIiia3ieioy.
VY HaiGiLIbLI TSKKMX BUMNAAKAX OJMH i3 LIMX BY3/IMKiB
3aiiMa€e BCIO 3aJ103y (OIMH BY3/IMK), TOOTO ageHoMy [22].
ITaTorenes 3axBoproBanb I11I3 nobpe 300pakeHnit Ha
puC. 2, 1ie TOCTYMOBUIA Ta CTamiliHMIA MpoLIec.

lNnmeprnaszia ITLL3 Moxke TTOAIIATHACS HA YOTUPH Ka-
Teropii: nudy3Ha rinepruiaszis, Indy3Ho-0araToBy310-
Ba rinepruiasis, 6araToBy3joBa rinepriiasis Ta mpocTa
By3JI0Ba rinepruiasis [7].

Thus, in the milestone work of the well-known
Japanese authors, the staging of parathyroid disease
pathogenesis from norm to adenoma was quite
clearly shown [22]. At the initial stage of CKD,
which they studied, the parathyroid cells synthesize
and secrete PTH in response to the increased
demand. Subsequently parathyroid cells began to
proliferate, leading to diffuse hyperplasia [22]. Some
parathyroid cells with diffuse hyperplasia escaped
the control pathways of the cell cycle and actively
proliferated, forming small nodules, each of which
being of a monoclonal origin [23]. Such nodules are
composed of the more densely packed cells with
larger nuclei and higher prevalence of cell cycle
markers, oxyphil and acinar cells compared to those
seen in diffuse hyperplasia [22]. When these nodules
become significantly enlarged and encapsulated, the
glands are called «nodular hyperplasia.» In the most
severe cases, one of these nodules occupies the
entire gland (one nodule), that is, an adenoma [22].
Pathogenesis of parathyroid diseases is well shown in
Fig. 2 featuring a gradual and staged process.

Parathyroid hyperplasia can be typified in four cat-
egories, namely diffuse hyperplasia, diffuse multin-
odular hyperplasia, multinodular hyperplasia, and
simple nodular hyperplasia [7].

TOYKA HENOBEPHEHHS?
point of no return?

rinepnnasis | afeHoma
hyperplasia : adenoma
Andy3Ha nepBuHHe | HOAYNApHA rinepnnasis cchopmoBaHmii By3on
Hopma rinepnnasia BysnoyteopeHHs 1 nodular hyperplasia completed nodule
norm . diffuse primary |
hyperplasia nodulation : \
|
|
|
l
_ , ‘
200 o )
0% o o, ! / s ?
o (EE  eges | @SS R
NPOrPECISi/PROGRESSION
_

kanbuuTpion (BitamiH D3) abo iioro aHanoru/metabonitn
calcitriol (vitamin D3) or its analogues/metabolites

~< N N N N

KanbLiiiMMMeTYHi 3acobum / calcimimetics

-

XipypriyHa napaTupeoinexkToMmisi, npsMa iH’exwiiHa Tepanis
surgical parathyroidectomy, direct injection therapy

PucyHoK 2. MatoreHeTUyHa 3aKOHOMipHicTb cTagiliHOro po3BUTKY rinepnnasii npuwmronoai6Hmx 3anos Ta

CyyacHa TepaneBTUYHa cTparteria [aganToBaHo 3a 22]

Figure 2. Pathogenetic pattern of stages of parathyroid hyperplasia development and contemporary thera-

peutic strategy [adapted from 22]
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HopMa
norm

CTAAIi NATOTEHE3Y NATONOrII NPULLUTONOAIBHUX 3AN103
STAGES OF PARATHYROID DISEASE PATHOGENESIS

rinepnaasis npuWMUTONOAiIGHNX 3a5103
parathyroid hyperplasia

ynbTpa3BykoBa KaptuHa / pattern of ultrasound visualization

T i e

.. nikyBaHHg BiTamiHOM D Ta perpecia amiH
vitamin D medication and regression of manifestations

ageHoma / adenoma

--

PucyHok 3. NaroreHeTu4Hi 3aKOHOMipHOCTI NOCTYNOBOro CTagiiHoro po3suTKy naronorii ML3 3 ypaxyBaH-

HAM YNbTPa3BYKOBOT KapTUHK

1 — ondysHa rinepnnagia, 2 — Andy3Ho-By310Ba rinepnnasis, 3 — 6aratoBy3nosa rinepnnagia, 4 — NPOCTUIA By30J1

Figure 3. Pathogenetic reqularities of gradual staged development of parathyroid disease with taking into

account the ultrasound pattern

1 - diffuse hyperplasia, 2 — diffuse nodular hyperplasia, 3 — multinodular hyperplasia, 4 — simple nodule

Ha ocHoBi HaBeneHUX JAaHUX MM IIPOIIOHYEMO CBil
BapiaHT IOCTYMOBOrO CTaAiiiHOTO PO3BUTKY I1aTOJIOTil
I3 3 ypaxyBaHHSIM YJIBTPa3BYKOBOI KApTUHMU (3MiHa
exoreHHocTi ITI3). Otxe, rinepruiazig ITII3 npoxo-
JUTb HU3KY MOCJIIAOBHUX CTaiil po3BUTKY: 1) nudy3HO1
rineprurasii, 2) 1udy3HO-BY3JIOBOI TiTlepruiasii, 3) 6ara-
TOBY3JI0BOI Tinepruiasii, 4) mpoctoro By37a ((hopMyBaH-
HS aIeHOMMU), SIKi MalOTh BJIaCHi MOP(OJIOTiuHi, MaTo-
(iziosioriuHi, KJIiHIYHi Ta 1iarHOCTUYHi OCOOJUBOCTI, Ta
BCe 1Ie IPM3BOAUTH A0 TiltepyHKIIii, a B MalilOyTHLOMY
JIo TinepKaibliemii Ta rimogocdaremii (puc. 3).

AudepeHuiloBaHHS rinepnapaTtupeosis
IMTapatropmon (IITT) € omHuMM i3 HAWBaXKJIMBIIINX
TOPMOHIB, HEOOXiZHUX JJI MiATPUMKU TOMEOCTa3y
Kanblilo Ta ¢gocdopy [29]. Lleit ropMoH iHAYKYye
la-rigpokcumoBaHHs opM Bitaminy D Big 25(OH)D
1o 1,25(0OH),D, mo cipusie KUIITKOBOMY BCMOKTYBaH-
HIO i po3MnodiieHHIO Kajbllilo Ta pocdopy B KicTKax,
OJTHOYACHO pEryaIodn peadcopOIlito MiHepadiB y
HUPKOBUX TpyOouKax [29].

I'TIT aBnsie co6010 CUMIITOMOKOMILJIEKC, 1110 BUHU-
Ka€e B pe3yJibTaTi HaAMipHOI MPOAYKIIil MapaTTOPMOHY
ofHiero abo gexinbkoMa ITII3. Ile BigHOCHO MolIMpe-
HE eHIOKPUHHE 3aXBOPIOBAHHS, SIK BxKe 0yJI0 BKa3aHo,
3a HAIlIMMM JaHUMU BOHO 3yCTpivaeTbes y 14 % Heon-

Based upon given data we propose our version of the
gradual staged development of parathyroid disease,
taking into account the ultrasound pattern i.e. chan-
ges in parathyroid echogenicity. So, parathyroid hy-
perplasia undergoes series of successive stages in deve-
lopment: 1) diffuse hyperplasia, 2) diffuse nodular hy-
perplasia, 3) multinodular hyperplasia, 4) simple no-
dule (adenoma formation) with its own morphologi-
cal, pathophysiological, clinical and diagnostic featu-
res, which all lead to hyperfunction and subsequently
to hypercalcemia and hypophosphatemia (Fig. 3).

Differentiation of hyperparathyroidism

PTH is one of the most important hormones re-
quired to maintain the homeostasis of calcium and
phosphorus [29]. This hormone induces the 1a-hyd-
roxylation of vitamin D forms from 25(OH)D to
1,25(0H);,D, which promotes intestinal absorption
and distribution of calcium and phosphorus in
bones, while regulating mineral reabsorption in
renal tubules [29].

HPT is a symptom complex arising as a result of
excessive production of PTH by one or more
parathyroids. It is a relatively common endocrine
disease, as already mentioned. According to our data
it occurs in 14 % of the non-irradiated Ukrainian
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POMiHEHHUX YKpaiHIIiB mopocioro Biky ta 0,1 % miteii.
ITpuuuHoo po3Butky I'TIT Moxe OyTH SIK aneHOMa, Tak
i, gacrimre, rinmepriasig. Haterep xniniune nndepeHini-
IOBaHHS TUITY TineprapaTupeo3y (IIepBUHHOTO abo BTO-
PUHHOTO) TMOJISITA€ B OLiHIII aHAMHE3y: SKIIO BigoMa i
noBeaeHa npobsema (XXH, gediuur Bitaminy D abo
HYTPIi€HTIB, MEIUKAMEHTH) — 1Ie BTOPMHHMIA TiTtepriapa-
THpeo3 [25], K10 He BigoMa — TNEpBMHHUI (AiarHo3
BUKJTIOUEHHS). Takuil Miaxia He € HaailHUM, a BUCHO-
BOK OyJie CYMHiBHUM, i 11¢ BIUIMBA€ HA MOJA/IbIIE BU3HA-
YeHHS BUAY Teparlii: XipypriyHoro abo KoHcepBaTUBHO-
ro. [lepen6aynTH, y IKUX Malli€HTIB PO3BUHETHCS Tillep-
KaJIbllieMis, MOB’si3aHa 3 MIEPBUHHUM HOPMOKAJIbIIIEMiU-
HuMm rinepnapatupeo3oM (ITHI'TIT), Hemoxnuso [23].

¥ 1988 pouii Rao ta inmi [ 14] Brepiie 3ammponoHyBain
IBoda3He MporpecyBaHHs TineprnapaTupeo3y. BoHu
npuryctiiu, 1o piseHb I1TI migBuIyeTbcss MPOTITOM
noyaTkoBOi (as3u, ajle CUPOBATKOBUIl KallbLiil 3a1u-
IIAa€ThCS B MexXax pedepeHcHoro miama3oHy. [lepebir
i€l nepuoi a3y 3a3Bu4aii 0e3CMMITOMHUI i TOHEAAB-
Ha BOHA He ifeHTUdiKyBasIacs sIK MepeaBiCHUK abo paH-
Hs ctanis, popma I'TIT. [Ipyra ¢gpa3za BKIIo4a€ rinepkaib-
miemiro pasom 3 mnigsuiieHuM piBHeMm IITT i Mmoxe BBa-
xKaTtucs kiacuuHuMm nposisoM TTHITIT [23].

XoueMo 3a3HauuTH, 110 6e3cumnromHoro I'TIT, skuii
JaBHO BUIUISIIOTH JiKapi XipypriyHoro mnpodiiio, He
icHye. Takuii TepMiH OigKpecaoe HebaXKaHHsI ToMiyaTu
BeJUKY KinbKicTh mposBiB ['TIT Ta acouiitoBaHux 3 HUM
CTaHiB, CUMIITOMIiB, SIKi CYTIPOBOIXYIOTb 1I€ MTOPYIIEeH-
Hs. JIo HUX HajexaTb: IMCKOM@OPT B 11Mi, Oilb y Xpeo-
Ti, KOJIMBaHHSI TUCKY Ta JeKOMIIEHCaLlisl apTepiaibHO1
rinepreHsii, apuTMii/Taxikapmii/Opagukapmii, CyaoMu,
MiaJirii, Heiipomnarii, OCTeoIeHis1/0cTeonopo3, YTBOPEH-
HsI KaMeHiB y HUpKax (IToHaa 4 MM) Ta y XKOBYHOMY Mi-
Xypi, apTpo3u, LITYHKOBO-KUIIIKOBI 3aXBOPIOBAaHHS, Ma-
TOJIOTisI OKa Ta iHIIIi.

3a JaHUMHU JIeSKMX JOCTiTHUKIB [23, 26—28], y maiti-
eHTiB i3 ITHITIT crniocrepiraetbcst HedpoJiTias, SIKUMA
MOKe OYTH HEeSIBHUM i BUSBJISITUCS JIMIIIE 3a TOIIOMOTOIO
BisyanizauifiHux gociimkeHb. KaMmiHIi okcanary Kajb-
IIil0 € HAUMOIIMPEHIIIUM TUIIOM KaMEHiB Yy 3arajbHiil
nonyJsLii, ajie ¢pocdaT Kaibliito Oiblll iMOBipHUIT came
y nauieHnTiB 3 I'TIT.

Hosrorpuana HasgBHicTb BropuHHoro ['TIT (BHITIT)
4acTo MOB’SI3YETHCS 3 MOPYILIEHHSIMU KiCTKOBOIO OOMi-
HY, a TaKOX 3 BiCLIEpaJIbHOIO Ta CYAMHHOIO KajabLn(i-
Kalli€lo, sIKi CHpUYMHIOIOTh Ha CePLIeBO-CYAUHHY 3aXBO-
proBaHicTh Ta cMepTHicThb [30]. Came Tak mie BHITIT i
BUKJIMKAE TaKi MOPYLIEHHSI, a He MPU3HAYEHHS BiTaMiHy
D y agekBaTHUX IO3yBaHHSIX BUHHE y 0araTbOX CHMII-
TOMIB Ta MpPOSIBIB.

adults and 0.1 % of children. GPT may be caused
both by adenoma and, more often, by hyperplasia.
At present, the clinical differentiation of HPT type
(primary or secondary) involves the assessment of
case history i.e. if there is a known and proven
health problem (CKD, deficiency of vitamin D or
nutrients, medications intake) it is the secondary
HPT [25], if there are no health disorders it is the
primary one i.e. featuring the diagnosis of exclu-
sion. This approach is not reliable, and the conclu-
sion is doubtful, which affects further decision on
the therapy type — surgical or conservative. It is
impossible to predict which patients will develop
hypercalcemia associated with PNHPT [23].

In 1988, Rao et al. first proposed a concept of
biphasic HPT progression [14]. They suggested that
PTH levels rise during the initial phase, but serum
calcium remains within reference range. This first
phase is usually asymptomatic and until recently
was not identified as precursor or early stage of
HPT. The second phase includes hypercalcemia
together with an elevated PTH level and would be
considered a classic manifestation of PHPT [23].

We would like to note that asymptomatic GPT,
which has long been distinguished by surgeons,
does not exist. This term emphasizes the reluc-
tance to notice a large number of HPT manifesta-
tions and associated conditions and symptoms that
accompany this disorder. These include neck dis-
comfort, trunk pain, arterial blood pressure fluctu-
ations and decompensation of arterial hyperten-
sion, arrhythmia/tachycardia/bradycardia, con-
vulsions, myalgia, neuropathy, osteopenia/osteo-
porosis, formation of stones in kidneys (more than
4 mm) and gallbladder, arthrosis, gastrointestinal
disease, eye disease, etc.

According to some researchers [23, 26—28] the
nephrolithiasis is found in patients with PNHPT,
which may be subtle and detected only by diagnos-
tic imaging. Calcium oxalate stones are the most
common type of lithiasis in the general popula-
tion, but calcium phosphate stones occur more
likely in patients with HPT.

Long-term secondary normocalcemic HPT
(SNHPT) is often associated with disorders of bone
metabolism, as well as with visceral and vascular
calcification, which cause cardiovascular morbidity
and mortality [30]. Just in this way the SNHPT is
presented causing such disturbances, with no vita-
min D medication in adequate doses is the cause of
a range of symptoms and manifestations there.
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PucyHoK 4. Yacrora (%) Hopmokanbuiemiunoro I'MT cepep nocTpaxaanux BHacnipok aBapii Ha YAEC T1a oci6
KOHTPONbHOI rpynu (3aranbHoro HeONpoOMiHEHOro HaceNeHHA) 3a poKaMu

BnacHe pocnipeHHs [16]: peTpocnekTMBHO foCNifXeHi aaHi 2234 ocib, cepep akux 1 372 onpomiHeHux ocib fo-
pocnoro BiKy; rpyna KOHTposio — 862 HeonpoMiHeHi 0cobu).

Figure 4. Incidence of normocalcemic HPT in the ChNPP accident survivors and control group (from entire

population non-exposed to ionizing radiation)

Own research data [16]: retrospectively reviewed data (n = 2234) including irradiated adults (n = 1372) and con-

trol group from non-exposed population (n = 862).

Haui nocnigkeHHs mokas3ytoTh, 1o BHITIT € yactum
TMOPYILIEHHSIM, 1110 3yCTPIiYaETHCS Y HEOIIPOMiHEHUX i OI1-
poMiHeHUX 0cib Jopociioro Biky (puc. 4).

IcHye HalibinbII cBixa my6uikauis 2024 p. aBTOpUTET-
HUX aBTOpiB [23], saxi 3a3HayaroTh, mo [THITIT — me
posnan, mpu sskoMy minBuiieHuit piseHs [T € pe3ynb-
TaTOM aBTOHOMHOI TiMepceKkpellii oaHi€el0 ado OinbIie
I1113, a piBHi i0HI30BaHOTO KaJbllil0 B CUPOBATLi KPOBi
MOCTIAHO 3HAXOASIThCS B MeXax HOPMM MHpPU BUMIPIO-
BaHHI NpUHaiiMHi ABiYi abo mosuie 6 micsamiB. OgHak,
nepen BcraHoBiaeHHsIM niarHo3y ITHITIT HeoOximHO
BUKJIIOUUTU BCi NMPUYUHU [JII BTOPMHHOIO HOPMO-
KanbuieMiyHoro I'TIT. ITHITIT — € giarHo30M BUKIIIO-
yeHHs! [Tpu BHITIT pisens IITT 3anuiaeTbes miaBu-
IIEHUM, JOKM 30epira€TbCsl CTUMYJ HU3BKOTIO BMICTY
KaJlbllilo, i BiH MTOBEPTAETHCS 10 HOPMHU, SIK TIJIBKU MOTO
CKOPUTYIOTh, 32 PaXyHOK YCYHEHHS IIPUYMH 3HIDKCHHS
piBHSI KaJIblIil0 B CUPOBATLIi KpoBi [23].

Ony01iKkoBaHO MOTEHLIIITHO KOPUCHE HOBE CIHiBBiIHO-
LLIEHHSI, SIKe MPOMOHYEThCS Y IM(PEPEeHLIIIHII AiarHOCTULI
IMHITIT ta BHI'TIT — ue «ingexkc dynkuii [THI3» [29].
Ines aBTOpIB TOJNISITa€ B TOMY, 1O MEPBUHHUI HOPMO-
KaibuieMiyHuii (6e3cumtniomHuii) I'TIT acoritoeTbest 3
BiTHOCHO BHUILIMM BMIiCTOM KaJIblLlil0 B CHPOBATILIi KPOBI,
ajie HIDKYOI0 KOHIIEHTpali€o docdopy, Tomi IK BTOPUH-
Huit HopMmoKanbLieMmiunuii I'TIT xapakrtepusyeTbes Bin-
HOCHO HIDKYMMU KOHLIGHTpaLisIMU Kallbllito Ta (hochopy
B CHPOBATILi KpoBi. PopMyIia Ma€ BUTJISII: CUPOBATKOBUIA
Kkaibuii (Mmonb/in) x ITTI (rir/min)/dochop (MMoJb/i).

Our studies showed that SNHPT is a frequent
disorder that occurs in both exposed and non-
exposed to ionizing radiation adults (Fig. 4).

There is a most recent publication (in 2024) by
authoritative authors [23] who state that PNHPT
is a disorder in which the elevated PTH serum
content is a result of its autonomous hypersecre-
tion by one or more parathyroids, while serum
ionized calcium level is consistently within normal
range when measured at least twice in 6 months.
However, all causes of secondary normocalcemic
HPT must be ruled out before making a diagnosis
of PNHPT. PNGPT is a diagnosis of exclusion!
With PNHPT the PTH Ievel remains elevated as
long as the stimulus of low serum calcium persists,
and it returns to normal as soon as it is corrected
by eliminating the causes of the decreased serum
level of calcium [23].

A potentially useful new ratio has been announc-
ed in a publication, proposed for the differential
diagnosis of PNGPT and SNGPT — the «index of
parathyroid function» [29]. The authors’ idea is that
primary normocalcemic (asymptomatic) HPT is
associated with relatively higher serum calcium but
lower phosphorus concentrations, whereas SNHPT
is characterized by relatively lower serum calcium
and phosphorus concentrations. The formula is:
serum calcium (mmol/L) x PTH (pg/mL) / phos-
phorus (mmol/L). According to the authors, the
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3a JaHUMM aBTOPiB, MOPOrOBE 3HAYEHHSI CTAHOBUTH 34, 11e
O3Hayae, 1o BUIMi nmoka3Huk Bkazye Ha ITHITIT, Toxai
sIK HYk4i pesynsratu — Ha BHITIT uepe3 HU3bKuii piBeHb
BitamiHy D [29]. OnHak, HaM He Baajiocs 3a 1€ hopMmy-
JIOI0 mpoBecTy audepeHLiallilo HOpMOKaIbLiEMIYHUX
BapiaHTiB I'TIT (mepBUHHOrO 3 BTOPMHHUM) SIK AiarHO3Y
BUKTIOUEHHS. BBaxkaemo, 1110 1110 (pOpMyITy MOXKIIBO OY-
JIe BUKOPUCTOBYBAaTH B MailOyTHBOMY, ITicJIsI 3aMiHU 3a-
raJIbHOTO KaJbllil0 Ha iOHI30BaHWIA, 110 € TOYHILIUM MO-
Ka3HUKOM, Ta BCTAHOBJIEHHS MeXX 115 pisHUX hopMm T'TIT.

3anMuIIaeTbCd BIIKPUTUM TIMTAHHS HamiiHUX KpU-
TepiiB IudepeHLiloBaHHSI HOPMOKAIBILIEMIYHUX TIep-
BMHHOIO Ta BTOPMHHOIO TineprnapatupeosiB. 3 €Bpo-
MeiicbKoro KOHCEHCycy i3 3axBoploBaHb Ha II1III3
PARAT 2021 Bimomi mnexinbka mpuunx BHITIT [24], axi
HaBoOAThCs B Tabj. 1. Ha mepimomy Miclii cToiTh came
HecTaya/medinut BitamiHy D, SKkuii, SIK BBaXKa€EMO MU,
ctaHoBUTh 90 % Bix Bcix mpuumnH Oyab-sskux ['TIT.

Kpim Toro, Taki mpenapartu, sk peHoOapoOiTan, Kapba-
Ma3zelliH, JeKcaMeTa30H, HiheOUITiH, CIipOHOJAaKTOH,

Taoauuya 1

cut-off value is 34, which means that a higher score
indicates PNHPT, while lower one indicate
SNHPT due to the low vitamin D levels [29].
However, we were unable to use this formula to dif-
ferentiate the normocalcemic variants of GPT (pri-
mary and secondary) as a diagnosis of exclusion. We
believe that this formula may be used in the future,
after replacing total calcium with ionized calcium,
which is a more accurate indicator, and clarifying
the respective limits for the different forms of HPT.

The question of reliable criteria for differentiat-
ing the normocalcemic primary and secondary
HPT remains open. From the European Con-
sensus on parathyroid disease PARAT 2021 there
are known several causes of SNHPT [24], which
are listed in the Table 1. Lack/deficiency of vita-
min D is in the first place there, which we believe,
accounts for 90 % of all causes of any HPT.

In addition, drugs such as phenobarbital, carba-
mazepine, dexamethasone, nifedipine, spirono-

Hain6inbw yacti npuunHKU BTOpMHHOro rinepnaparupeosy (3a €BponencbkumM KoHceHcycom PARAT 2021 [24]

MpuunHa BTOPUHHOrO
rinepnapaTtupeosy

3anponoHoBaHi NOPOroBi 3Ha4YEHHS
BTPYYaHHS

KomeHTapi

[Jediuur Bitaminy D MparHitb [0 nigTpUMaHHs KoHUeHTpauii 25(0H)D
noHapn 30 Hr/mMn (> 75 HMOb/N), OO YHUKHYTY

BTOPUHHOIO rinepnapar1peosy

Mepesipte MTI, konu BUSBNEHUIA HU3bkKiA BiTamiHy D. KoHueHTpauis MTT
MOX€ NPOMOBXYBATY 3A/MLLIATACS NiABULLEHOK NPOTArom 6—12 Micss,
TOMY ONTUMI3aLList CNIOXMBAHHS KanbLLit0 € 0D0B’3K0BOIO.

Hu3bke CnoxmBaHHs
KasbLjlo 3 IXel0

1200 Mr/neHb pekOMEHA0BaHO NSt XIHOK Y
noctmeHonaysi, 1 000 Mr/neHb ins YONOBIKIB Y Bl
51-70 pokiB i 1 200 Mr/aeHb A9 NiTHIX YONOBIKIB

OUiHITb CNIOXMBAHHS KaNbLl0 32 A0MOMOTOI0 IETUYHOMO ONUTYBANbHUKA.
MavjeHT NoBMHHI 36INbLUMTM CIOXMBAHHS KanbLilo 260 BUKOPUCTOBYBATU
106aBKMN KasbLyjto.

lnepkanbLiypis BHACILOK
MOPYLUEHHS GYHKLLT HUPOK

ExckpeLiist kanbLito i3 ceyeto > 250 mr/24 rop,
(6,25 Mmonb/24 rop) y xiHok, > 300 mr/24 rop,
(7,5 mmonb/24 rop) y Honogikie abo

> 4 wr/kr/24 rop, (0,1 MMONb/Kr/24 roguHm)

MpobHWit TECT Ha Tia3uay (MpM3HauaTH riapPOXNOPOTiasua 25 Mr Agidi Ha
[JieHb NPOTAroM 2 TUXHIB; nepesipuTu piBeHb IMTT nepes novarkom
npuiiomy Tiaduay Ta nicns 2 TuxHiB Tepanii). Hopmanisauia MTI nigrpumye
HWUPKOBI BTOPWUHHI Npudmnnn MHITIT.

HupkoBa HefoCTaTHICTL eGFR < 60 mn/xa/1,73 M2

OcKifbkn QYHKLLS HUPOK 3HUXKYETLCS, aKTUBHICTb 10L-FiAPOKCUIOBAHHS
3HUXYETLCA |, K HACMILOK, aKTMBHWIA piBeHb BiTamiHy D nagae, piBeHb
KasbLyjto 3HUXYETbCS, a piBeHb [T 3pocTae

Posnagy LunyHKOBO-KMLLKO-
BOrO TPAKTY i3 MOPYLUEHHAM
BCMOKTYBaHHS! KasIbLLt0

Lleniakisi, 3anasnbHi 3aXxBOPIOBAHHS KULLIEYHIKA
Ta GapiatpuyHa Xipypris

BumMipioiTe aHTUTINA 0 TKAHUHHOI TPAHCTyTaMiHa3W Ta dekanbHNi
Ka/IbMpOTEKTUH, W06 PO3r/ISHYTY Liesiakilo Ta 3anasbHe 3aXBOPIOBaHHS
KMLLEYHMKA BifMOBIAHO

MepukameHTH > JiypeTuku,

> NiTin

> MPOTUCYAOMHI Npenaparu
> BicpocoHaTu

> igHocyMab

> iHribitopn SGLT2 (HI'KT2)

> iHri6iTOpY NPOTOHHOI NOMMNK

HeTiasnaHi aiypetukn MoxyTb nigsuiysaty piseHb MTT. Ao MoxnmBo,
PUMUHUTK TXHIA NPUIAOM i NOBTOPHO Bu3HauuTy BMICT MTT. Tepanis nitiem
Moxe nigeuwmTy pieHb MTT. OgHak pilueHHs Npo BiAMOBY Bif Tepanii

Y WX NALJEHTIB € BAXKWM i MOBUHHO NPUIAMATMCS ncuxiaTpoM. JlikyBaHHS
bicdocdoHatamn abo feHocymabom Moxe niasuwmTi pisexb NPT B pe-
3ynbTaTi NO3UTUBHOI curHanisauji kanbLito o M3 y KoHTeKCTi npurHive-
Hoi pe30opOuyi KicTKoBOT TkaHMHUW. EdekT bichocdoHatis Moxe TpusaTy
[0CUTb [0BrO NiCAS NPUMMHEHHS iX npuiioMy. Chig, yHAKATU NPUMMHEHHS
npuitomy fieHocymaby, 1106 3anobirt HaMipHiii BTaTi KiCTKOBOI Macy.
HenasHi pocnimxeqHs nokasanu, wo iHribitopu SGLT2 maioTb cknapHy
B3aEMOI0 3 KICTKOBMM MeTaboniaMoM, BKJioYatoum nipsuiLeHHs T

MopywenHs pocdarHoro
06MiHY

linepdocdaremia Ta onocepenkosaHa FGF-23
rinodocdaremisi NOB's3aHi 3 BTOPUHHUM
rinepnapaTmpeo3om

Mo3aknitniHa perynsauig Gocdaris Bkoyae 3miHn pisHis 11T
$Ik BUCOKWIA, TaK i HU3bKWIA piBeHb docdopy Moxe GyTh NoB’A3aHN i3
BTOPVHHUM rinepnapar1peo3om

Mpumitkn. eGFR — po3paxyHkoBa WBMAKICTb kiny60oukoBoi pinbTpauii; FGF-23 — daktop pocty dibpobnacrtie 23; SGLT2 (HIKT) HaTpii-rioko3HOro KoTpaHcrnoptep-2.
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Table 1

The most frequent causes of secondary hyperparathyroidism (European Consensus PARAT 2021 [24])

Cause of

secondary HPT Proposed thresholds for intervention

Comments

Vitamin D deficiency Aim to maintain the 25(OH)D concentration above

30 ng/mL (> 75 nmol/L) to avoid the secondary HPT

Check PTH serum content when low vitamin D is detected. PTH concentra-
tions may remain elevated for 6 to 12 months, so optimizing calcium intake
is imperative.

Low alimentary calcium
consumption

1,200 mg/day is recommended for postmenopausal
women, 1,000 mg/day for men aged 51-70 and
1,200 mg/day for older men

Estimate calcium intake using a dietary questionnaire. Patients should
increase their calcium intake or use calcium supplements.

Hypercalciuria resulted
from kidney dysfunction  in women, > 300 mg/24 h (7.5 mmol/24 h) in men,

or > 4 mg/kg/24 h (0.1 mmol/kg/24 hours)

Urinary Ca excretion > 250 mg/24 h (6.25 mmol/24 h)

Trial test with thiazides (prescribe hydrochlorothiazide 25 mg twice a day
for 2 weeks; check PTH level before starting thiazide and after 2 weeks of
therapy). Normalization of PTH supports the secondary renal causes of
PNGPT.

Renal failure eGFR < 60 ml/min/1.73 m?

With kidney function decline the 1?-hydroxylation activity decreases
resulting in the active vitamin D levels fall, calcium levels fall, and PTH
levels rise

Gastrointestinal disorders
with Ca malabsorption

Celiac disease, inflammatory bowel disease and
consequences of bariatric surgery

Assay the tissue transglutaminase antibodies and fecal calprotectin to
consider celiac disease and inflammatory bowel disease, respectively

> diuretics

> lithium

> anticonvulsants

> bisphosphonates

> denosumab

> SGLT2 inhibitors

> proton pump inhibitors

Medications

Non-thiazide diuretics can increase PTH levels. If possible, stop diuretic
treatment and reassess PTH. Lithium therapy may increase PTH levels.
However, the decision of therapy discontinuation in these patients is diffi
cult and should be made by a psychiatrist. Treatment with bisphospho-
nates or denosumab may increase PTH levels as a result of positive para-
thyroid calcium signaling in the context of suppressed bone resorption.
Effects of bisphosphonates can last for a long time after discontinuation.
Discontinuation of denosumab should be avoided to prevent excessive
bone loss. Recent studies have shown that SGLT2 inhibitors have a
complex interaction with bone metabolism, including an increased PTH.

Phosphate metabolic
disorders

Hyperphosphatemia and FGF-23-mediated

hypophosphatemia are associated with secondary HPT

Extracellular phosphate regulation involves changes in PTH levels. Both
high and low phosphorus levels can be associated with secondary HPT

Notes. eGFR — estimated glomerular filtration rate; FGF-23 — fibroblast growth factor 23; SGLT2 — sodium-glucose cotransporter-2.

KJIOTprUMa30Jl Ta pudamMIliH, OJOKYIOTb MEUiHKOBI
depmenT p450, 10 TIPUCKOPIOIOTH Jerpaaalliio BiTa-
MiHy D. Bucoxkuii py3auk BUHUKHEHHS n1eilunTy BiTa-
MiHy D 4epe3 mopylleHHs eTarniB (pepMEeHTaTUBHOIO
TiApOKCWIIOBAHHS JJIs1 aKTUBaLiil BitamiHy D MaloTh
0co0M 3 XpOHIYHOIO XBOPOOOIO MEeUiHKU Ta XPOHIYHOIO
XBOPO0OOI0 HUPOK. J1s1 mogoaHHs pe3MCTEHTHOCTI 10
BiTaMiHy D moTpiOHi 3HaYHi HOro JiKyBaJIbHi JO3H.
HageneHi naHi cBimuath, 110 HAMYaCTIILIOW OPUYM-
HO1o po3BuTKy marojorii 1113 € Hecraya/medinut
BitTaminy D. Takox icHye 0e3miu iHIIMX YMHHUKIB
(xap4oBUX, TEHETUYHUX, MEAUYHMX), SIKi BILUTUBAIOTh
Ha ¢opmyBaHHs rinepriazii T3 Ta I'TIT. i cranu
OpPOXOMSITh MOCIIOBHI CTail MMOCTYIIOBOIO PO3BUTKY,
SKi Tpeba CBOEYACHO iarHOCTYBAaTU 3aBASIKM HEKOIII-
TOBHUM TecTaM (TTapaTropMoH, BiTamiH D). BinburicTh
LMX MOPYLIEeHb MiaAal0ThCs NPOdiaaKTULIi Ta CBOEYAC-
HOMY HexipypriuHoOMYy JliKyBaHHIO BiTamiHOM D. JIiky-
BaHHs BHITIT mae OyTtu iHguBigyanizoBaHUM i 3aie-
JKUTb BiJi OCHOBHOIO 3aXxBOPIOBaHHS Ta iHIIMX (ak-
TOpIB, 110 BIJIMBaIOTh HA PETYJIOBAHHS KaJbllilo Ta
IITT. PitueHHs npo JiKyBaHHSI TIOBUHHO MpUAMaTUCS

lactone, clotrimazole, and rifampin suppress the
liver p450 enzymes that catalyze the degradation of
vitamin D. Individuals with chronic liver disease and
chronic kidney disease are at high risk of vitamin D
deficiency due to the impaired enzymatic hydroxy-
lation of vitamin D (no activation occurs). To over-
come the vitamin D resistance, significant therapeu-
tic doses of its medications are required.

The given data show that lack/deficiency of vita-
min D is the most frequent cause of parathyroid dis-
ease. There are other factors (alimentary, genetic,
medicinal) that influence the formation of parathy-
roid hyperplasia and HPT. These conditions evolve
through the successive stages of gradual develop-
ment, which must be diagnosed in a timely manner
through the cheap assay of serum content of PTH
and vitamin D. Most of these disorders are amenable
for prevention and timely non-surgical treatment
with vitamin D medication. Treatment of the
SNHPT should be individualized and depending on
the underlying disease and other factors affecting
calcium and PTH regulation. Decision on treatment
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REVIEWS

Ta6nuusa 2

BapiaHTu rinepnapartupeosis

Ta6nuusa 2

HPT types

Tun MT Xapakrepuctuka / features

HPT type

MepBuHHUA BuHuKae yepe3 yTBOPEHHs NEPBUHHOI MYXUHY (aneHoMuM) Y oaHii abo aekinbkox MLLU3, ika € He NOB'93aHOI0 3 iHLLMMM 3aXBOPIOBAHHSIMM

(nraT) a60 pediumutom BiTamiy D. Lig nyxnuHa npuasoauts Ao rineprnpoaykuii MPT. Mpy wbomy rinepnapatmpeos BUKIMKAE BUCOKMIA PiBEHb Kaslb-
Liit0 | HM3bKMIA piBeHb HOCHOPY B KPOBI, LLIO MOXE CIPUYMHUTY Pi3HOMAHITHI Mpobnemu 3i 3aopos'am. MITIT e giarHo3omM BuknioyeHHs (!),
noTpedye BUKMIOYEHHS! iHWMX NpUYKH. [liarHo3 BUCTaBASKOTb KOMM BUKIIOYEH BCi iHLLI BINOMI NpuyuHm (avB. Tabn. 1). XipypriuHe
BTPYYaHHS € HANOLIMPEHILLIMM METOLOM JliKyBaHHst Lporo [TIT.

Primary (PHPT)  Occurs due to the formation of a primary tumor (adenoma) in one or more parathyroids and is not associated with other diseases or
vitamin D deficiency. This tumor leads to hyperproduction of PTH. At the same time, HPT causes high serum levels of calcium and low
levels of phosphorus, which can cause a variety of health problems. PHPT is a diagnosis of exclusion (!), requiring the exclusion other
causes. Diagnosed when all other known causes are excluded (see Table 1). Surgery is the most common treatment for this HPT type.

BropuHHuii BToprHHWIA rinepnapaTtnpeos BUHUKAE Yepes HU3KY GpakTopiB, SKi NPU3BOLAATL O SHUXEHHS PIBHA KasbLil0 Y KPOBi (aediunt BitamiHy D,

(BrnT) 3aXBOPIOBAHHSI, XapuyBaHHsl, MeavkameHTu) (amB. Tabn. 1). 3 yacom, BinOYBAETLCS KOMMEHCATOPHE MifBULLEHHS PIBHS NAPATTOPMOHY,
OCKibKI OpraHisM HamaraeTbCsl MiATPUMYBATK PIBEHb KAbLIO Y BY3bKOMY AiarasoHi FOMeoCTaTuyHOI HOPMU. Y Takux NauieHTiB Takox
MOXYTb 3HAX0OWUTY rinepnnasiio abo ageHoMu oaHiel abo aexinbkox MLL3. Lieii rinepTpeos npu3BoanTb TakoX A0 HU3KW MaToNoriyHUX
3MiH B YCIX CMCTEMAX OpraHismy, L0 CynpOBOLXYETLCA BIANOBIAHAMM CUMITOMAaMK. [1py JOBroOTPUBAIOMY iCHYBaHHI BTOPUHHMIA
rinepnapatMpeos MOXe BUKNMKATK rinepkasibLiemito, o 6ye notpebysaty XipypriyHOro NikyBaHHS.

Secondary Secondary HPT occurs due to a range of factors leading to the decreased serum level of calcium (vitamin D deficiency, diseases,

(SHPT) nutrition, medications) (see Table 1). Over time, a compensatory increase in parathyroid hormone levels appear, as the body tries to
maintain calcium levels within a narrow range of homeostatic norm. Hyperplasia or adenomas of one or more parathyroids may also be
found in such patients. This HPT also leads to pathological changes in all systems of the body, accompanied by the corresponding
symptoms. With long-term existence the secondary HPT can cause hypercalcemia, requiring surgery.

TpeTuHHUIA BuHukae BHACMILOK HECBOEYACHOI AjarHOCTUKM abo HeedekTUBHOTO MikyBaHHs foBroTpusanoro BITIT. KniHiunmii nepeir MIT Ta
rinepkanbuiemii Haragye MITIT, Takox NoTpedye XipypriyHoro nikyBaHHs rinepnnasosanmx MLL3.

Tertiary Occurs as a result of untimely diagnosis or ineffective treatment of long-term SHPT. Clinical course of HPT and hypercalcemia resembles

PHPT, and also requires surgical treatment of hyperplastic parathyroids.

JikapeM Ha TIiACTaBi 00CTeXeHb Ta aHali3y KIiHIYHUX
MOKAa3HMKIiB Malli€eHTa.

Otxe, HAa CLOTOIHI BUIIISIOTh TPUA BapiaHTH TiltepIia-
paTUpeo3iB: MEepBUHHUI, BTOPUHHUN 1 TpeTUHHUN
(Tabu. 2).

TakuM 4YMHOM, Ha LIeii Yyac BUCTAYa€ CIipHUX MOMEHTIB
Ta HEBM3HAYEHOCTI 1Iomo AudepeHIiamii rineproasiit i
agenom [1I1I3, mepBuHHoro ta BropuHHoro I'TIT, mo-
B’SI13aHOTO 3 HecTavyero/nediunToM BitaMiHy D abo iHIImM-
MU OpUYMHaAMM. AJie, 3Baxkaluu Ha Te 110 BiTaMiH D
iHTiOy€ cekpellilo IapaTUpPeOiIHOrO TOPMOHY, BiIlIOBiIa€
3a 3aCBOEHHS i PO3MOIIJIEHHS iOHIB KaJblIilo, HOro BXH1-
BaHHs (200 Ioro aHajoriB, MeTabOJIiTiB) B iHIMBiAyali30-
BaHUX Ta KOHTPOJbOBAHMUX A03aX 32 HASIBHOCTI MaTOJIOTil
I3 3amnmmaeTbesl TOJIOBHUM HEXipypridyHUM METOIOM
npodilaKTUKK abo JIiKyBaHHS TinepraparupeosiB. Kpim
TOTO, OJHE 3 PAHJAOMi30BaHUX MOABIMHUX CIIMMX TLIale-
00 KOHTPOJIbOBAHUX AOCTIIKEHb LIOACHHOIO MPUIOMY
Bitaminy D (mo3za 70 Mxr = 2 800 MOn/neHb) mpoTsarom 6
MiCSIIiB MOKa3aJjo, 110 BiH 0e3MeYyHOo IMOoKpallly€e CTaTyc
BiTamiHy D i 3HuKye koHueHTpatito [ITT y cuposariii
kpoBi nmauieHTiB 3 IIT'TIT [32]. Take mikyBanHs TITTIT
BiTaMiHOM D cyrnpoBOIXyBaa0oCh 3HUKEHHSIM pe30pOLiil

should be made by the medical practitioner based
on the patient’s check-up results and review of
data of laboratory tests.

So, today there are three variants of HPT: pri-
mary, secondary and tertiary (Table 2).

Thus, for now, there are enough controversial
points and uncertainties regarding the differentia-
tion of parathyroid hyperplasia and adenoma, pri-
mary and secondary HPT associated with lack/de-
ficiency of vitamin D or other causes. But, taking
into account the fact that vitamin D inhibits the
PTH secretion, being tightly involved in assimila-
tion and distribution of calcium ions, its adminis-
tration (or its analogues, metabolites) in individu-
alized and controlled doses in case of parathyroid
disease remains the main non-surgical method of
prevention or treatment of HPT. In addition, in
the randomized, double-blind, placebo-controlled
trial of daily 70 ug (2,800 IU/day) vitamin D
administration for 6 months the safe improvement
of vitamin D status was achieved along with the
reduced serum PTH concentrations in the PHPT
patients [32]. The decreased bone tissue resorption
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KiCTKOBOI TKaHMHMU Ta MOKpAIIeHHSIM MiHEpaJIbHOI
IIiJIBHOCTI KiCTKOBOI TKAHWHHM 1€ OO0 XipypriyHoro
BTpy4yaHHs. OTXe, BiTaMiH D miaxoanTs mist 6e3meyHnx
npodinakTuky adbo JAiKyBaHHS OyIb-SIKOTrO BapiaHTY Ti-
neprnapaTupeosy, SIKIO 3aCTOCOBYETHCS B iHAMUBIAYyalb-
HUX J03YBAaHHSIX 3 HACTYIHUM IEePiOAMYHUM (KOXHi
3—6 micsauiB) kontposieM piBHiB I1TT, 25(OH)D;, ioHi-
30BaHOTO KaJbllilo.

BUCHOBKU

1. AHaJiTUYHUIA OTJIsIA JIiTEpaTypu Ta pe3yabTaTu Bjlac-
HUX HAyKOBUX JOCJiIKEeHb IT0Ka3yI0Th, 1110 peajibHa I10-
MM PEHICTh MATOJIOTil MPUIIMTOIIOAIOHNX 327103 3HAYHO
Oinblla, HiX BBaXKaJI0Ch paHillle, ajie BiICYyTHICTh HACTO-
POXEHOCTI A0 Hel, pilKicHe BUKOPUCTAHHSI JOCTiIXKeH-
HsI TapaTrOpMOHY y KpOBi, HEBMiHHS Bi3yaji3yBaTu
rinepriasii Ta aieHOMHU MPU YJIbTPA3BYKOBOMY IOCIiJI-
JKEHH1, BUKJIMKAE BiquyTTd ii piakocTi. Tak, 3a HalllMMU
JOCHiIXKEeHHSIMU 4acToTa rinepruiasiii mpuIIuTONnoaio-
HUX 33103 Y HEONPOMIHEHOIO0 HacCeJIeHHSI CTaHOBUThb
24,3 %, HOPMOKaJIbLIIEMIYHOTO HEPEHAJTbHOTO BTOPUH-
Horo rinepnaparupeosy 14,3 %, a B OIpOMiHEHOI0 Ha-
cesieHHs1 OinbiI HiX 50 %.

2. IpumuronoAioHi 3a103U € YyTIIMBUMU 10 Jii i0Hi3y-
o4Ol paniallii, ssKa 30iIbIy€e BipOTiTHICTD BUHUKHEHHS
ixHboi rineprmazii Ta I'TIT, 1o yacTo BUSIBJISIIOTHCS Y OIT-
pOMiHEeHUMX 0cCi0, sIKi 3a3Had KOMOIHOBAaHOI'O BILJIMBY
pafialiiiHMX YMHHUKIB (eBakyiioBaHMX 3 30-KM 30HU
Bimuy>XeHHS, YJaCHMKIB JIiKBifallii HACIiAKiB aBapii Ha
YAEC nepmumx MicsiiB), a TaKOX Y MEIIKaHIiB paaio-
aKTHUBHO 3a0pyIHEHUX TEPUTOPIH 3 TPUBAIUMM YaCOM Iie-
peOyBaHHS HA HUX.

3. [TaToJorist IpUIIMTONOAIOHUX 32103 MAa€ MOCTYITOBUIA
CTaliiiHMi1 NaTodi3ioa0riYHMIA PO3BUTOK, SIKUI MOXKIIH-
BO CBOEYACHO JiarHOCTYBATM 1 BiICTeXyBaTU 3aBASKU
3aMpOBAIXKEHHIO iX CKPUHIHTOBOTO YJIBETPa3BYKOBOIO
TOCTiIKeHHS, IIUPOKOro BU3HAYEHHS PiBHS MTapaTrop-
MOHY Ta BiTaMiHy D y KpoBi B HaceneHHs. IlaToreHe-
TUYHI 3aKOHOMIPHOCTI PO3BUTKY MOJISITAIOTh B TOMY, 1110
YMHHUKU 30BHIIIHBOIO cepeloBuIla (HecTadya/nediuut
BiTaMiHy D, Kajbllifo, OPOMiHEHHSI) CHPUYMHSIOTH
CIoYaTKy rireprpodito Ta/abo rimepriasilo IapaTu-
pPEOIAHUX KJIITHMH, a TOTIM BiIOYBa€ThCS 1XHS MyXJIMHHA
(mobposikicHa) TpaHcdopMalisi, 10 MPU3BOAUTH OO0
(bopMyBaHH4 rirnepruiasiii, ageHoM i rinepdyHKIlii, BU-
HUKHEHHS TinepKaJbLi€Mil Ta XipypriyHOTo JiKyBaHHSI.

IHpopmauia npo piHaHCyBaHHSA
®inaHcyBaHHs BuaaTkamu JlepxkaBHOro OlOIKeTy YK-
paiHu.

and improved bone mineral density even before
surgery accompanied such treatment of PHPT
with vitamin D. Therefore, vitamin D medication
is suitable for the safe prevention or treatment of
any variant of HPT if used in individual dosages
followed by a scheduled (every 3—6 months) mon-
itoring of PTH, 25(OH)Ds, and ionized calcium
serum levels.

CONCLUSIONS

1. Analytical review of the literature and results of
our own research showed that the real prevalence
of parathyroid disorders is much higher than pre-
viously thought, whereas lack of vigilance towards
it, rare assay of serum PTH content, inadequate
training of sonographers in parathyroid hyperpla-
sia and adenoma imaging — all cause an opinion of
its rarity. Thus, according to our research, the inci-
dence of parathyroid hyperplasia in population not
exposed to ionizing radiation is 24.3 %, of normo-
calcemic non-renal secondary HPT is 14.3 %,
while in the exposed population it is more than
~50 %.

2. Parathyroids are sensitive to ionizing radiation,
which increases the likelihood of their hyperplasia
and HPT that are often found in persons exposed
to the combination of radiation factors i.e. evac-
uees from the 30-km exclusion zone, ChNPP
accident clean-up workers in the first months, as
well as residents of contaminated areas with a long
stay in them.

3. Parathyroid disease is peculiar with a gradual
staged pathophysiological development, which
can be timely diagnosed and monitored thanks to
introduction of the screening by diagnostic ultra-
sound along with a widely used serum assay of
PTH and vitamin D in population. Pathogenetic
patterns of development consist here in the fact
that environmental impacts, namely lack/defi-
ciency of vitamin D and/or calcium, exposure to
ionizing radiation first cause the parathyroid cellu-
lar hypertrophy and/or hyperplasia, followed by
their benign tumor transformation, resulting in
hyperplasia, adenoma and hyperfunction, occur-
rence of hypercalcemia and required surgical
treatment.
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HocnimxeHHs BUKOHAHO B MeXKax O0103KeTHOI HayKOBO-
JociigHol pobotu «JocmigkeHHsT 3aKOHOMipHOCTeM
PO3BUTKY €HAOKPMHHUX MOPYIIEHDb Ta CYIIYTHIX 3aXBO-
pIOBaHb, 1110 ACOLIIOIOTHECS 3 HOPMOKAJBIIEMIYHOIO TTa-
TOJIOTI€EI0 MPUILUTONOAIOHUX 3a/103 Y 0cCi0, SIKi IMOCT-
paxmanu BHacaigok aBapii Ha YAEC» (No mepxk-

The study was carried out within framework of the
budgetary research project «Investigation of pat-
terns of development of endocrine disorders and
concomitant diseases associated with normocal-
cemic parathyroid disease in the ChNPP accident
survivors» (state registration # 0122U001430).

peectpanii 0122U001430).
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