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ABSTRACT

Aim. To study the effects of local paricalcitol injections into the parathyroid glands on bone turnover in patients with
chronic kidney disease (CKD) and secondary hyperparathyroidism (SHPT) with moderately elevated parathyroid
hormone (PTH) levels (300-600 pg/ml).

Materials and methods. The study included 48 patients with end-stage CKD and SHPT with PTH levels of 300-600
pg/ml. All patients received standard medical therapy before the study, including correction of hyperphosphatemia,
hypocalcemia, and disorders of calcium-phosphorus metabolism. The main group (» = 14) comprised patients for
whom ultrasound-guided paricalcitol injections into the parathyroid glands were technically feasible. The dynamics
of PTH levels, vascular calcification, bone mineral density (BMD), and levels of PTH, b-CrossLaps, and FGF23
were assessed.

Results. Multivariate logistic regression analysis demonstrated that osteoporosis and vascular calcification were
significantly associated with age, PTH levels, dialysis duration, comorbidity index, b-CrossLaps, and FGF23.
Threshold values for age and PTH were 33 years and 301 pg/ml for the development of osteoporosis and 29
years and 301 pg/ml for vascular calcification. Correlation analysis revealed a statistically significant relationship
between FGF23 and dialysis duration, b-CrossLaps and PTH levels, as well as between FGF23 and b-CrossLaps.
The comorbidity index also increased with age and PTH levels. After 3 and 6 months of treatment, PTH levels
significantly decreased, while the volume of the parathyroid glands remained unchanged. No serious complications
were observed after the injections, and transient local pain was reported in only 8 (57%) patients.

Conclusion. Ultrasound-guided paricalcitol injections into the parathyroid glands contribute to reducing PTH
levels, improving bone remodeling parameters, and creating conditions for preventing cardiovascular complications.
These findings require further investigation in larger-scale studies.
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BnusHne MeCTHbIX UHbEKLM NapuKanbLuUTOosa B OKONOWMNTOBUAHDbIE
»Kenesbl Ha YpOBeHb NapaTropmMoHa, COCYAUCTYIO Kanbuupukaymio
N MUHEpPaJiIbHYI0 NIOTHOCTb KOCTHOWM TKaHW Yy NaLIeHTOB C XPOHNYECKOMN

60ne3HbI0 NoYeK

Kynuna E.M., BpbikyH M.B., CanpuHa T.B., Bopoxuosa U.H., Lixan B.®., Komkosa T.b.

Cubupckuii cocyoapcmeenmbiil meouyurckuil yrusepcumem (Cubl’MY)

Poccus, 634050, e. Tomck, Mockosckuti mpakm, 2

PE3IOME

Hens. M3yunTts BAnsSHEE MECTHBIX HHBEKINH NAPUKAIBIIMTOJA B OKOJIOIMTOBU/IHBIC JKeJIe3bl HA KOCTHBIH 0OMEH
y HAlMEHTOB C XpOHUYECcKoit Oose3nbto nmouek (XBI1) u BTopuunsiM runepnapatupeosom (BITIT) npu ymepeHHOM
noBsieHny ypoBss napatropmona (ITTT) (300-600 rr/mur).

Martepuaisl u1 MeToAbl. B nccienoBanue BxitoueHsl 48 nanueHToB ¢ TepmuHanbHoi cragueit XbIT u BITIT ¢
KoHIIeHTpanueil maparropmona 300—-600 nr/mi. Bce manueHTsl 10 Hadyala HCCIICIOBAHUS TONTydYald CTaHAapT-
HOE MEIMKaMEHTO3HOE JICUECHHE, BKIFOYAIOIIee KOppeKIuio rumnepdochaTteMuu, THIOKAIBIUEMIAN U HApYIICHUS
KanbpIueBo-(ochopHoro oomena. B ocHoBHyI0 rpymnimy (7 = 14) BOILIM ManUEeHTHI, KOTOPBIM OBIIO TEXHUYECKH
BO3MOKHO TPOBEJCHUE WHBEKIUI MapUKAIBIMTONA MOJ YIbTPa3BYKOBBIM KOHTPOJIEM B OKOJIOIIUTOBHIHBIC
kene3sl. OuennBanuch quHamuka ypoBHs [ITI, xamprmukanms cocyIoB, MUHEpalbHas IUIOTHOCTH KOCTHOM
tkaHu, ypoBHH [1TT, b-CrossLaps n FGF23.

PesyabTarbl. MHOTOMEpHBIH JIOTHCTUUECKUN PErPECCHOHHBIN aHANIM3 MOKAa3all, YTO OCTEONOPO3 M COCYIUCTas
KanpIU(UKAIs JOCTOBEPHO CBs3aHBI ¢ Bo3pacTtoM, ypoBHeM IITI, mnanTenbHOCTBIO AMann3a, WHIEKCOM
komopouaHoctH, b-CrossLaps m FGF23. TloporoBsie 3nauenus Bo3pacta nmauuenrta u [ITI cocraBmmm 33 roma
u 301 nr/mi ans pazButHA octeonoposa u 29 ger u 301 nr/mu — ans cocyaucToit kansimdukanun. Koppens-
IMOHHBIN aHAIN3 BBISBUI CTATHCTHYECKH 3HAYMMYIO CBsi3b Mexkay FGF23 u mpomgomKkuTenbHOCTRIO AUATH3HON
tepanun, b-CrossLaps u yposaem IITT, a Taxke mexnay FGF23 u b-CrossLaps. lHIekc KoMOpOUIHOCTH TaKKe
yBenuuuBaics ¢ BopactoM U ypoHeM [ITI. YUepes 3 u 6 mec nedyenus yposens [ITI 3HaUNTENBHO CHHU3MIC,
a 00BEM OKOJOIIMTOBUAHBIX JKele3 ocrancs 0e3 m3MeHenwid. Ilocie mHBEKIMN HE HAOIIOJAIOCHh CEPHE3HBIX
OCJIO’KHEHHH, a KPaTKOBPEMEHHasi MeCTHast 00J€3HEHHOCTh OTMeUanach TOIbKO y 8 (57%) marueHTos.

3akiouenue. MHbEKIMU MapUKaIbLUTONA B OKOJIOIIMTOBUIHBIC JKEJIE3bl MOJ YJIbTPA3BYKOBBIM KOHTPOJIEM
croco0cTBYIOT cHkeHuto ypoBHs [ITI, yinyuiienuto nokaszateneil peMoIeIMpoBaHusl KOCTHOM TKaHU M CO3AAI0T
IPEAMOCHIIKH IS IPEIOTBPAIICHHS CEPACYHO-COCYTUCTBIX OCIOKHEHHH, UTO TPEOyeT AanbHEHIIIero U3yYCHHUS B
pamkax 6oJjiee MacIITaOHBIX UCCICIOBAHUIA.

KiioueBble cjI0Ba: BTOPUYHBIH THIIEpPIApaTHPEO3, XPOHUYECKas OOJE3Hb I0YEK, MHUHEPAJIbHbIC M KOCTHBIC
paccTpoiicTBa, MapUKAIBIUTON, MECTHBIC HHBEKIINH

Konpaukr unTepecoB. ABTOPHI IEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyOJIMKanuel HaCTOSIIEeH CTaThH.

Hcrounuk ¢punancupoBanus. KoHKypc HaydHBIX MPOoeKTOB MojoabIX yueHbXx @PI'BOY BO Cubl'MY (Ne HU-
OKTP 21-22-07-03-42).

Jna nuruposanus: Xynuna E.M., bpeikyn M.B., Canpuna T.B., Bopoxkunosa W.H., I{xaii B.®., Komxosa T.b.
BnusiHue MeCTHBIX MHBEKLIUI NapUKaIbIUTONIA B OKOJIOIUTOBUIHBIC XKEIe3bl HA YPOBEHb IIAPaTTOPMOHA, COCY-
JCTYIO KaJbIU(UKAINI0 U MHHEPAJIbHYIO TNIOTHOCTh KOCTHOW TKAaHW y NMAIMEHTOB C XPOHHYECKOH OO0JIe3HBIO
nouek. Brouiemens cubupckou meduyunot. 2025;24(3):14-24. https://doi.org/10.20538/1682-0363-2025-3-14-24.

INTRODUCTION

(Ca) levels, phosphorus (P) levels,

fibroblast

The pathogenesis of secondary hyperparathyroi-
dism (SHPT) in patients with chronic kidney
disease (CKD) involves several factors related to
the effects of parathyroid hormone (PTH), calcium

growth factor 23 (FGF23), and the bone resorption
biomarker b-CrossLaps. These factors affect mineral
metabolism, osteoclast and osteoblast activity, and
bone tissue quality [1, 2]. In CKD, PTH is produced
by the chief cells of the parathyroid glands (PTG) in
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response to hypocalcemia and hyperphosphatemia.
It stimulates bone resorption, leading to elevated
calcium and phosphorus levels in the blood. A
decrease in glomerular filtration rate (GFR) results in
a significant reduction in phosphate clearance, causing
its accumulation in the body.

Phosphate ions form complexes with calcium,
lowering the concentration of ionized calcium in
the blood. This, in turn, activates calcium-sensing
receptors (CaSRs) on the parathyroid cells, stimulating
the secretion of PTH and leading to hypercalcemiaas a
compensatory response. A decrease in ionized calcium
disrupts the synthesis of calcitriol from vitamin D3,
which reduces calcium absorption in the intestine
and promotes metastatic calcification. Additionally,
phosphorus directly stimulates PTH secretion and
the hyperplasia of parathyroid cells, as well as
causes dysfunction of calcitriol receptors, leading to
resistance to this hormone. Hyperphosphatemia also
contributes to the reduction in the number of CaSRs,
impairing the ability of calcium to stimulate calcitriol
synthesis in the kidneys [3].

Furthermore, = phosphorus  stimulates  the
production of the growth factor FGF23, which
inhibits the activity of 1-alpha-hydroxylase and
lowers the level of the active form of vitamin D. The
regulation of vitamin D receptors in the parathyroid
glands deteriorates, leading to vitamin D resistance.
FGF23 affects the production and regulation of
PTH, osteoclast and osteoblast activity, and bone
remodeling. The bone resorption marker b-CrossLaps
reflects osteoclast activity and bone tissue destruction.
In SHPT elevated levels of b-CrossLaps are
associated with bone resorption and worsening
bone quality [4-8]. Renal osteodystrophy is the
cause of serious conditions, including fractures and
a decline in quality of life [8, 9]. Compared to the
general population, the risk of fractures among CKD
patients increases steadily as kidney disease progresses

[10, 11].
Extraskeletal calcification, particularly
cardiovascular calcification, predicts subsequent

cardiovascular mortality and all-cause mortality in
patients with end-stage renal disease [12].

Today, vascular calcification is considered an
actively regulated and cell-mediated process [13],
with a crucial aspect being the imbalance between
promoters and inhibitors of calcification. In CKD,
calcification inducers such as hyperphosphatemia,
hypercalcemia, oxidative stress, inflammatory
cytokines, and uremic toxins increase, while

calcification inhibitors like fetuin-A, albumin, and
ionized magnesium decrease. Moreover, in CKD, the
function of vitamin K-dependent proteins that prevent
calcification is impaired [ 14]. Vascular smooth muscle
cells, macrophages, endothelial cells, and vascular
interstitial cells are involved in the calcification
process [13, 15]. Osteoblast-like cells in the vascular
bed and heart valves synthesize and secrete bone-
related proteins, including osteopontin, osteocalcin,
and collagen, which collectively accelerate the
calcification of the extracellular matrix [14].

Several studies have shown that osteoporosis is a
risk factor for cardiovascular diseases [16]. Arterial
calcification and osteoporosis are often observed in
the same individuals and progress simultaneously in
patients with chronic and end-stage kidney diseases.
The associations between bone and arterial anomalies
suggest a direct or indirect effect of bone cells and
turnover on the arterial system. Understanding
these associations is crucial for developing effective
therapeutic strategies aimed at improving outcomes
for CKD patients [17].

Data obtained from dialysis patients with PTH
levels of 300-600 pg/ml, treated with cinacalcet and
vitamin D analogs, showed a lower risk of death and
cardiovascular complications with earlier treatment of
SHPT. This effect is observed when achieving lower
target PTH levels compared to higher ones [18].

A higher PTH concentration directly correlates
with a higher mortality rate from cardiovascular
diseases [19].

Recent studies show that an increase in PTH
levels before the start of dialysis predicts a higher
PTH level after 9-12 months [20]. Untreated SHPT
leads to a progressive increase in PTH levels [21,
22], and parathyroid hyperplasia with progressive
SHPT due to delayed treatment is accompanied
by a progressive decrease in sensitivity to calcium
and vitamin D regulation, leading to a subsequent
risk of treatment resistance in the later stages of
the disease [23].

Therefore, there remains a need to find a method
for early and sustained control of SHPT which would
not only ensure safety but also guarantee long-
term  effect on the system, minimizing patient
dependence on treatment adherence  [22].
This approach could significantly improve long-
term outcomes for bone tissue and cardiovascular
outcomes.

The aim of this research is to study the effect of
local paricalcitol injections into the parathyroid glands
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on bone remodeling markers in CKD patients with
SHPT and PTH levels of 300-600 pg/ml.

MATERIALS AND METHODS

The study sample consisted of 48 patients with
secondary hyperparathyroidism (SHPT) and end-
stage chronic kidney disease (CKD). All patients
were undergoing renal replacement therapy and
received conservative medical treatment for SHPT
prior to the study, which included correction of
hyperphosphatemia (Sevelamer, daily dose of 2,400
mg, administered to 41% of patients in the control
group and 50% in the main group, p > 0.05); use
of calcimimetics (Cinacalcet, daily dose of 30 mg,
prescribed to all patients in both groups); calcium-
phosphorus metabolism regulators (Alfacalcidol,
0.25-1 mcg 3 times a week; paricalcitol, 5 mcg 3 times
a week; prescribed to all patients in both groups);
correction of hypocalcemia (calcium carbonate, daily
doses of 4.0-6.0 g, administered to 28.5% of patients
in the main group and 17.6% in the control group).

The difference in calcium intake between the
groups may be attributed to individual patient
characteristics, including the level of hypocalcemia
and response to the therapy. The group with more
pronounced hypocalcemia required more extensive
correction with calcium-containing preparations. It is
also important to note that combined therapy, which
includes calcimimetics and vitamin D, may reduce
the need for calcium supplements. These differences
may reflect both clinical characteristics of the patients
and variability in the approaches to prescribing
medications.

It is worth noting that adherence to the prescribed
treatment among the patients was low. So, 64.2% of
patients in the main group and 67.6% of patients in the
control group took Cinacalcet as prescribed by their
doctor. Only 12 patients in the main group and 30
patients in the control group took vitamin D receptor
activators. Patients with CKD often experience apathy
and fatigue from prolonged medication use, leading
to treatment non-compliance despite having the
medications on hand. This may also be associated with
potential side effects of the drugs, such as dyspepsia,
nausea, or discomfort, which further reduce patients’
willingness to continue treatment. For some patients,
the high cost of medications or limited access to them
may also contribute to poor therapy adherence.

The Charlson Comorbidity Index (CCI) [24] was
used to assess the prognosis of the patients and the
impact of comorbidity on clinical outcomes. The use

of this index allowed for an objective evaluation of the
risk associated with comorbid conditions and ensured
comparability of results between the groups.

Inclusion criteria were as follows: end-stage CKD,
diagnosed SHPT, PTH concentration in blood of
300-600 pg/ml, and verified parathyroid glands based
on scintigraphy data combined with single-photon
emission computed tomography (SPECT).

Exclusion criteria were the following: planned
or previous surgical intervention on neck organs,
surgical treatment of SHPT in the medical history,
oncological diseases, pregnancy, and severe somatic
symptom disorder.

Patients were divided into two groups based on the
results of ultrasound examination of the parathyroid
glands (SonoScape equipment, S35, China, B-mode).
The main group consisted of patients (» = 14) in
whom the possibility of performing injections
into the parathyroid glands was identified after the
examination. The control group included patients (n
= 34) who presented one or more technical difficulties
in performing the procedure: the parathyroid glands
were not visualized by ultrasound, or they were
located atypically, or there was abundant blood flow
with a risk of bleeding during the puncture.

In the main group, patients received ultrasound-
guided paricalcitol (5 mcg/ml) injections into the
parathyroid glands, at a dosage of up to 0.5 ml. The
volume of the administered drug was determined
depending on the initial volume of the gland (1/3 of
its volume). Each patient in this group underwent
two punctures, with an interval of 1 day between
injections. In the control group, all patients continued
to receive standard conservative treatment for SHPT.

Echocardiography was used to evaluate vascular
calcification, including the presence of linear
calcifications, as well as valve calcification.

The blood tests included the following parameters.

Intact parathyroid hormone (PTH) was determined
using the chemiluminescent immunoassay method
(Cobas 6000, Roche Diagnostics, Switzerland).
Measurement range was 1.2-5,000 pg/ml. Reference
values were 15-65 pg/ml.

B-CrossLaps was determined using the Serum
CrossLaps reagent kit for enzyme-linked immuno-
sorbent assay (BioMedica, Serbia). Measurement
range was 0.020-2.494 ng/ml. Analytical sensitivity
was 0.020 ng/ml.

FGF23 was determined using the FGF23
(C-terminal) reagent kit for enzyme-linked immuno-
sorbent assay (BioMedica, Serbia). Measurement
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range was 0.1-20 pmol/l. Analytical sensitivity was
0.08 pmol/l.

Bone mineral density was measured by
densitometry of the lumbar spine and femoral neck
using a computed tomography scanner (General
Electric Optima CT660-128, USA).

The verification of the parathyroid glands was
conducted using scintigraphy combined with single-
photon emission computed tomography (SPECT)
(Symbia Intevo Bold system, Germany).

Statistical processing of the findings was carried
out using Statistica software (v 13.5.0.17, TIBCO
Software Inc.), and IBM SPSS Statistics (v 30.0.0,
IBM Corp.). The data were checked for normal
distribution using the Shapiro-Wilk test. None of
the studied parameters showed a normal distribution,
S0 non-parametric statistical methods were used for
the analysis. Descriptive data were presented as the
median and the interquartile range Me (Q,;;Q,)).
For all statistical methods, the corresponding null
hypothesis was tested. The critical level of significance
(p) was set at 0.05. A p-value < 0.05 was considered
statistically significant, indicating a rejection of the
null hypothesis. The Kruskal-Wallis test (Analysis
of Variance, ANOVA) and Dunn’s post-hoc test were
used to compare differences between groups.

Risk factors for osteoporosis and vascular
calcification were assessed using binary logistic
regression analysis. Univariate logistic regression
analysis was conducted first, calculating the odds
ratio (OR) and 95% confidence interval (95% CI)
to evaluate the effect of individual factors on the
likelihood of developing osteoporosis and vascular
calcification. Variables with a significance level of
p < 0.05 were included in the multivariate binary
logistic regression model to assess their independent
contribution to the development of osteoporosis
and vascular calcification. Predictor selection in the
multivariate model was performed using the backward
selection.

Toevaluate the diagnostic value of predictors for the
development of osteoporosis and vascular calcification,
ROC (Receiver Operating Characteristic) analysis was
used, with the construction of characteristic curves
and the calculation of the area under the curve (AUC).
The Youden’s J statistic was applied to determine the
optimal threshold for each parameter. Values greater
than 0.7 were interpreted as good predictive ability,
and values above 0.8 were interpreted as very good.

To identify relationships between quantitative
variables in the analysis of serum markers, the non-

parametric Spearman’s rank correlation coefficient
was used. The Mann-Whitney U-test was applied to
compare laboratory parameters between groups of
patients and to test the null hypothesis of no differences
between two independent samples. For the evaluation
of parameters over time and differences between them,
as well as for testing the null hypothesis of equality
of medians in dynamic changes within the group, the
non-parametric Friedman test (Friedman ANOVA)
[25] was used, followed by pairwise comparisons
using the Wilcoxon signed-rank test.

RESULTS

Characteristics of the Study Groups A total of 48
patients participated in this study.

In the main group (rn = 14), the median age of
the patients was 59 (49;65) years, with 71.4% being
men. All patients received renal replacement therapy
through hemodialysis. The median duration of
dialysis was 60 (27;96) months. The median baseline
PTH level was 504 (489;601) pg/ml. Osteoporosis
was present in 64.3% (9) of the patients, and vascular
calcification was present in 64.3% (9) of the patients.

In the comparison group (» = 34), the median
age of the patients was 56 (43;68) years, with 44.1%
being men. All patients received renal replacement
therapy through hemodialysis. The median duration of
dialysis was 36 (12;69) months. The median baseline
PTH level was 365 (320;425) pg/ml. Osteoporosis
was present in 85.2% (29) of the patients, and vascular
calcification was present in 58.8% (20) of the patients
(Table 1).

Table 1
Demographic and Laboratory Parameters in Both Groups
Main group | Comparison
Parameters (n = 14) group (n = 34) p
Age, years, Me (Q,5;Q.;) 59 (49;65) 56 (43;68) | 0.83
Male, % 71.4 44.1
Duration of dialysis, . .
months, Me (Q,:Q.) 60 (27;96) 36 (12;69) | 0.21
PTH level, pg/ml
' ' 504 (489;601) | 365 (320;425) | 0.17
Me (QQ) (489;601) | 365 (320:425)
b-CrossLaps level, ng/ml
' ' 1.1(0.9;2.2 1.9(1.1;25) | 0.19
Me (Q5Q.,) (09:22) | 1.9(11:25)
FGF23 level, pmol/l
’ ’ 14.8 (5;18 18.1 (5;20 0.50
Me (QQ,) (5:18) (5:20)
Presence of osteoporosis, % 64.3 85.2 0.83
Pres_ence_of vascular 643 58.8 0.78
calcification, %
\Volume of parathyroid . 15.5
glands, mm?, Me (Q,,;Q,;) 16 (152,16.5) (15.2;15.9) 0.23
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Factors Associated with Osteoporosis
and Vascular Calcification

According to the multivariate binary logistic
regression analysis, osteoporosis was significantly
positively associated with age, PTH levels, duration of
dialysis therapy, comorbidity index, b-CrossLaps, and
FGF23. The comorbidity index was identified as the
most significant factor. Vascular calcification was also
significantly positively associated with these factors
but to a lesser extent (Table 2).

Table 2

Association of Osteoporosis and Vascular Calcification with
Demographic Data and Biochemical Variables Based on
Multivariate Logistic Regression Analysis (Binary)

Osteoporosis Vascular calcification

Parameters
7 | OR cl » | OR cl
Age, years 000|584 | 1.7-6.2 | 0.02 | 1.05[0.97-1.12
Duration of

o 0.00| 1.63 |1.05-1.89| 0.01 | 1.01 |0.99-1.03
dialysis, months

PTH level, pg/ml | 0.01 | 1.01 |1.01-1.30| 0.03 | 1.37|0.78 - 2.41

For vascular calcification, the most significant
factors were the comorbidity index >3 (sensitivity
71%, specificity 60%; AUC =0.71; p =0.01), age >29
years (sensitivity 68%, specificity 61%; AUC = 0.71;
p = 0.01), dialysis duration >5 months (sensitivity
64%, specificity 55%; AUC = 0.64; p = 0.04), and
b-CrossLaps >0.19 ng/ml (sensitivity 60%, specificity
55%; AUC = 0.60; p = 0.04). Factors such as FGF23
>0.92 pmol/l (sensitivity 54%, specificity 61%; AUC
= 0.54; p = 0.01) and PTH >301 pg/ml (sensitivity
58%, specificity 65%; AUC = 0.58; p = 0.01) were
less significant (Table 3).

Table 3

Association of Osteoporosis and Vascular Calcification with
Demographic Data and Biochemical Variables Based on ROC

analysis
Osteoporosis Vascular calcification
Parameters -
» | Auc Threshold » AUC Thresh
value old value

Age, years 0.00 | 0.88 33 0.01 | 0.71 29
Duration

comorbidity |, 0| 550 |1.80-3.20| 0.02 | 1.00 0.9 - 1.00 of dialysis, |[0.00| 084 | 12 | 004 | 064 5
index months
- PTH level
b-CrossLaps 601 | 130 |1.10-1.50| 0.01 | 211 |0.80-5.67 *% |oo1|oe2| 301 |o01| 058 | 301
level, ng/ml pg/ml
Comorbidit
;ggﬁfkvel’ 0.01 | 1.25 |1.10-1.40| 0.03 | 1.01 [0.91-1.12 index Y 1000 092 3 001} 071 3
b-CrossLaps | 51 | 066 | 052 |004| 060 | 019
level, ng/ml
Based on ROC analysis, important predictive Eggﬁf level. 1001|073 | 078 |oo01| 054 | 092

factors for osteoporosis were age >33 years (sensitivity
88%, specificity 70%; AUC = 0.88; p = 0.00), dialysis
duration >12 months (sensitivity 84%, specificity
78%; AUC = 0.84; p = 0.00), comorbidity index
>3 (sensitivity 92%, specificity 89%; AUC = 0.92;
p = 0.00), and FGF23 >0.78 pmol/l (sensitivity 73%,
specificity 75%; AUC = 0.73; p = 0.01). The least
effective factors were PTH =301 pg/ml (sensitivity
62%, specificity 71%; AUC = 0.62; p = 0.01) and
b-CrossLaps >0.52 ng/ml (sensitivity 66%, specificity
64%; AUC = 0.66; p = 0.01).

Analysis of Serum Markers

The results of the univariate correlation analysis
between bone turnover markers and demographic
variables showed a direct statistically significant
correlation between FGF23 and dialysis duration,
b-CrossLaps and PTH concentration, as well as
FGF23 and b-CrossLaps. The Charlson Comorbidity
Index was also associated with age, and PTH level
exacerbated the comorbidity index (Table 4).

Table 4

Univariate Correlations between Bone Turnover Markers and Characteristics of Patients with CKD

Parameter Age, years | Dialysis duration, months | PTH, pg/ml | Comorbidity index | b-CrossLaps, ng/ml | FGF23, pmol/l
Age, years - 0.19 0.12 0.73* 0.14 0.09
Dialysis duration, months 0.19 - 0.06 0.20 0.26 0.43*
PTH, pg/ml 0.12 0.06 - 0.36* 0.35* 0.20
Comorbidity index 0.73* 0.20 0.36* - 0.16 0.03
b-CrossLaps, ng/ml 0.14 0.26 0.35* 0.16 - 0.34*
FGF23, pmol/l 0.09 0.43* 0.20 0.03 0.34* -

* — significance level p < 0.05.
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Dynamics of Bone Turnover Markers

After the ultrasound-guided paricalcitol injections
into the parathyroid glands, a persistent and
statistically significant reduction in PTH levels was
observed in the main group (p < 0.05). Within the first
3 months of treatment, the median PTH concentration
decreased from 504 (489.25;601) pg/ml to 426.55
(363.75;510.75) pg/ml, which is a reduction by

15.3% (p < 0.01). After 6 months of follow-up after
the injections, the PTH level also decreased to 171.9
(115.5;266.9) pg/ml, which was 65.8% of the baseline
level (p <0.01). In the comparison group, a statistically
significant increase in the median PTH concentration
was noted (p < 0.01) from 365 (320;425) to 498
(353;694), which represented a 36.4% increase from
the baseline level over 6 months (Fig. 1).
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Fig. 1. Dynamics of parathyroid hormone concentration in both groups over 6 months
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Fig. 2. Dynamics of b-CrossLaps concentration in both groups over 6 months, ng/ml. ANOVA Chi-Square in the main group was
24.03, and in the comparison group it was 38.80. Here and in Fig. 3, p < 0.01.
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Figure 3. Dynamics of FGF23 concentration in both groups over 6 months, pmol/l. ANOVA Chi-Square in the main group was
33.00, and in the comparison group it was 65.61

In the comparison group, during the 6-month
follow-up period, there was a trend towards an
increase in bone resorption markers. Specifically,
the level of b-CrossLaps increased significantly from
1.55 (0.9;2.2) ng/ml to 2 (1.3;2.4) ng/ml (» = 0.01),
and FGF23 increased from 14.75 (4.73;18) pmol/l
to 20 (7.2;20) pmol/l (» < 0.01).

In contrast, in the main group, b-CrossLaps
significantly decreased from 1.9 (1.19;2.5) ng/ml to
1.1 (0.98;1.59) ng/ml (p = 0.03), and FGF23 decreased
from 18.1 (5.3;20.0) pmol/l to 7.2 (3.0;16.4) pmol/l
(p <0.01) (Fig. 2, 3).

After local injections, the median volume of the
parathyroid glands in the main group did not change
significantly after 6 months and was 15.8 (15.2;16.0)
mm?3 (p = 0.24).

In our study, there were no cases of hoarseness,
bleeding, or intramuscular hematomas following
parathyroid gland injections in any of the observed
cases. Local pain occurred in 8 (57%) patients in the
main group during the procedure but resolved within
2-3 minutes after its completion.

DISCUSSION

Cardiovascular diseases are the leading cause
of death in patients with CKD. Among patients
with advanced CKD, cardiovascular diseases are

predominantly associated with poorly controlled
hypertension and left ventricular hypertrophy (LVH).
Common causes of mortality include heart failure,
stroke, and sudden cardiac death [26, 27]. Numerous
studies have shown that the highest serum FGF23
concentrations are linked to LVH and mortality
in CKD patients and those on dialysis [28, 29].
Furthermore, studies have demonstrated that a 30% or
greater decrease in serum FGF23 levels is associated
with lower rates of heart failure, sudden cardiac death,
and cardiovascular mortality [30].

Additionally, there is evidence linking the
progression of aortic valve stenosis to an imbalance
in bone resorption and an increase in PTH levels in
SHPT [31]. Patients with PTH levels exceeding target
values have a 29% higher risk of complications [32].
At the same time, both PTH levels below 150 pg/ml
and above 300 pg/ml are associated with all-cause and
cardiovascular mortality [33].

Surgical treatment is highly effective and remains
the mainstay for treating refractory SHPT with PTH
levels exceeding 800 pg/ml. However, this approach
has several drawbacks. A single-center retrospective
study demonstrated a high incidence (71.2%) of hungry
bone syndrome following surgical treatment of SHPT,
with no statistically significant differences between
total and subtotal parathyroidectomy [34]. Moreover,
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low PTH levels (<50 pg/ml) after parathyroidectomy
are associated with an increased risk of adynamic
bone disease, vascular calcification, and mortality in
hemodialysis patients [35].

The use of radiofrequency ablation (RFA) for
parathyroid glands is becoming increasingly common
asaminimally invasive treatment for SHPT. In patients
with PTH levelsabove 800 pg/ml, severe hypocalcemia
occurred in 22.1%, while recurrent laryngeal nerve
damage was reported in 5.77% after the first session
and 21.15% after the second session [36]. However,
when this method was applied in patients with lower
PTH levels (130-585 pg/ml), its effectiveness reached
70% at 6 months, with complications including a
higher incidence of hoarseness (20%), permanent
hypoparathyroidism (10%), and severe hypocalcemia
(40%) [37].

Our study presents findings comparable to those
of minimally invasive SHPT treatments but without
severe complications such as recurrent laryngeal
nerve paralysis, bleeding, or hematomas.

The dynamics of bone resorption markers
in minimally invasive SHPT treatments remain
unexplored. Currently, no literature data are available
on their changes in SHPT correction with PTH levels
up to 600 pg/ml. This gap highlights the need for
further research.

CONCLUSION

The study demonstrated that local ultrasound-
guided paricalcitol injections into the parathyroid
glands result in a sustained and statistically significant
reduction in PTH levels, a key factor in improving
patient outcomes and preventing cardiovascular
complications. Additionally, this approach positively
affects bone remodeling processes, preventing further
bone tissue degradation.

The absence of severe complications such as
hoarseness, bleeding, or hematomas confirms the
high safety of this procedure. Thus, this method can
be recommended for the early correction of secondary
hyperparathyroidism in CKD patients, potentially
improving their prognosis and quality of life.

REFERENCES

1. Komaba H., Goto S., Fukagawa M. Critical issues of PTH
assays in CKD. Bone. 2009;44(4):666—670. DOI: 10.1016/j.
bone.2008.12.016.

2. Shimada T., Hasegawa H., Yamazaki Y., Muto T., Hino R,
Yasuhiro Y. et al. FGF23 is a potent regulator of vitamin D
metabolism and phosphate homeostasis. J. Bone Miner. Res.
2004;19(3):429-435.

3. Nadzhfarova K.N., Kovalev Yu.R., Kurnikova E.A., Isakov V.A.
Chronic Kidney Disease and Secondary Hyperparathyroid-
ism: Causal Relationships. Medicine: Theory and Practice.
2019;4(2):27-34. (In Russ.).

4. Sagliker Y., Balal M., Sagliker Ozkaynak P.S., Paydas S.,
Sagliker C., Sagliker H.S. et al. Sagliker syndrome: uglify-
ing human face appearance in late and severe secondary hy-
perparathyroidism in chronic renal failure. Semin Nephrol.
2004;24(5):449-455. DOI:10.1016/j.semnephrol.2004.06.021.

5. Quarles L.D. Role of FGF23 in vitamin D and phosphate me-
tabolism: implications in chronic kidney disease. Exp. Cell Res.
2012;318(9):1040-1048. DOI: 10.1016/j.yexcr.2012.02.027.

6. Silver J., Naveh-Many T. FGF23 and the parathyroid glands.
Pediatr. Nephrol. 2011;26(9):1441-1445.

7. Arnlov J., Carlsson A.C., Sundstrom J., Ingelsson E., Lars-
son A., Lind L. et al. Serum FGF23 and risk of cardiovascular
events in relation to mineral metabolism and cardiovascular pa-
thology. Clin. J. Am. Soc. Nephrol. 2013;8(5):781-786. DOI:
10.2215/CJIN.09570912.

8. GarimellaP., Ix J., Katz R., Chonchol M., Kestenbaum B., Sis-
covick D. et al. Fibroblast growth factor 23, the ankle-brachial
index, and incident peripheral artery disease in the Cardiovas-
cular Health Study. Atherosclerosis. 2014;233(1):91-96. DOI:
10.1016/j.atherosclerosis.2013.12.015.

9. Graciolli F.G., Neves K.R., Barreto F., Barreto D., Reis L.,
Canziani M., Sabbagh Y. et al. The complexity of chronic kid-
ney disease-mineral and bone disorder across stages of chron-
ic kidney disease. Kidney Int. 2017;91(6):1436-1446. DOI:
10.1016/j.kint.2016.12.029.

10. Arneson T.J.,, Li S., Liu J., Kilpatrick R.D., Newsome B.B.,
St. Peter W.L. Trends in hip fracture rates in US hemodialysis
patients, 1993-2010. Am. J. Kidney Dis. 2013;62(4):747-754.

DOI: 10.1053/j.ajkd.2013.02.368.

11. Goto N.A., Weststrate A.C.G., Oosterlaan F.M., Verhaar M.C.,
Willems H.C., Emmelot-Vonk M.H. et al. The association be-
tween chronic kidney disease, falls, and fractures: a systematic
review and meta-analysis. Osteoporos. Int. 2020;31(1):13-29.
DOI: 10.1007/s00198-019-05190-5.

12. Bansal N. Evolution of cardiovascular disease during
the transition to end-stage renal disease. Semin. Nephrol.
2017;37(2):120-31. DOI: 10.1016/j.semnephrol.2016.12.002.

13. Shanahan C.M., Crouthamel M.H., Kapustin A., Giachelli C.
Arterial calcification in chronic kidney disease: key roles for
calcium and phosphate. Circ. Res. 2011;109(6):697-711.

DOI: 10.1161/CIRCRESAHA.110.234914.

14. Yamada S., Nakano T. Role of chronic kidney disease
(CKD)-mineral and bone disorder (MBD) in the pathogene-
sis of cardiovascular disease in CKD. J. Atheroscler. Thromb.
2023;30(8):835-850. DOI: 10.5551/jat.RV22006.

15. Naik V., Leaf E.M., Hu J.H., Yang H., Nguyen N., Giachel-
li C. et al. Sources of cells that contribute to atherosclerotic in-
timal calcification: an in vivo genetic fate mapping study. Car-
diovasc. Res. 2012;94(3):545-554. DOI: 10.1093/cvr/cvs126.

16. Lv J., Xie W., Wang S., Zhu Y., Wang Y., Zhang P. et al.
Associated factors of osteoporosis and vascular calcifica-
tion in patients awaiting kidney transplantation. Int. Urol.
Nephrol. 2023;55(12):3217-3224. DOI: 10.1007/s11255-
023-03606-0.

22 BlonneteHb cnbupckoit MeguumHbl. 2025; 24 (3): 14-24



Original artick s

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Evenepoel P., Opdebeeck B., David K., D’Haese P.C.
Bone-vascular axis in chronic kidney disease. Adv. Chron-
ic Kidney Dis. 2019;26(6):472-483. DOI: 10.1053/j.
ackd.2019.09.006.

Platt A., Wilson J., Hall R., Ephraim P., Morton S., Shafi T.
et al. Comparative effectiveness of alternative treatment ap-
proaches to secondary hyperparathyroidism in patients receiv-
ing maintenance hemodialysis: An observational trial emula-
tion. Am. J. Kidney Dis. 2024;83(1):58-70. DOI: 10.1053/].
ajkd.2023.05.016.

Magagnoli L., Cozzolino M., Caskey F.J., Evans M., Torino C.,
Porto G. et al. Association between CKD-MBD and mortality
in older patients with advanced CKD-results from the EQUAL
study. Nephrol. Dial Transplant. 2023;38(11):2562-2575.
DOI: 10.1093/ndt/gfad100.

Tabibzadeh N., Karaboyas A., Robinson B.M., Csomor P.A.,
Spiegel D.M., Evenepoel P. et al. The risk of medically un-
controlled secondary hyperparathyroidism depends on para-
thyroid hormone levels at haemodialysis initiation. Nephrol.
Dial. Transplant. 2021;36(1):160-169. DOI: 10.1093/ndt/
gfaal9s.

Bover J., Gunnarsson J., Csomor P., Kaiser E., Cianciolo G.,
Lauppe R. Impact of nutritional vitamin D supplementation
on parathyroid hormone and 25-hydroxyvitamin D levels in
non-dialysis chronic kidney disease: a meta-analysis. Clin.
Kidney J. 2021;14(10):2177-2186. DOI: 10.1093/ckj/sfab035.
Ketteler M., Bover J., Mazzaferro S. Treatment of second-
ary hyperparathyroidism in non-dialysis CKD: an appraisal
2022s. Nephrol. Dial. Transplant. 2023;38(6):1397-1404.
DOI: 10.1093/ndt/gfac236.

Ketteler M., Ambihl P. Where are we now? Emerging op-
portunities and challenges in the management of secondary
hyperparathyroidism in patients with non-dialysis chronic
kidney disease. J. Nephrol. 2021;34(5):1405-1418. DOI:
10.1007/s40620-021-01082-2.

Charlson M.E., Pompei P., Ales K.L. A new method of classi-
fying prognostic comorbidity in longitudinal studies: develop-
ment and validation. J. Chron. Dis. 1987;40:373-383.
Friedman M. A comparison of alternative tests of significance
for the problem of mrankings. The Annals of Mathematical Sta-
tistics. 1940;11(1):86-92. DOI: 10.1214/aoms/1177731944.
Wheeler D.C., London G.M., Parfrey P.S., Block G.A., Cor-
rea-Rotter R., Dehmel B. et al. Effects of cinacalcet on ath-
erosclerotic and nonatherosclerotic cardiovascular events in
patients receiving hemodialysis: the evaluation of cinacalcet
HCI Therapy to lower cardiovascular events (EVOLVE) tri-
al. J. Am. Heart Assoc. 2014;3(6):e001363. DOI: 10.1161/
JAHA.114.001363.

Eckardt K.U., Gillespie I.A., Kronenberg F., Richards S., Sten-
vinkel P., Anker S.D. et al. High cardiovascular event rates

Author Contribution

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

occur within the first weeks of starting hemodialysis. Kidney
Int. 2015;88(5):1117-1125. DOI: 10.1038/ki.2015.117.
Kirkpantur A., Balci M., Gurbuz O.A., Afsar B., Canbakan B.,
Akdemir R. et al. Serum fibroblast growth factor-23 (FGF23)
levels are independently associated with left ventricular mass
and myocardial performance index in maintenance haemodi-
alysis patients. Nephrol. Dial. Transplant. 2011;26(4):1346—
1354. DOI: 10.1093/ndt/gfq539.

Mitsnefes M.M., Betoko A., Schneider M.F., Salusky 1.B.,
Wolf M.S., Juppner H. et al. FGF23 and left ventricular hy-
pertrophy in children with CKD. Clin. J. Am. Soc. Nephrol.
2018;13(1):45-52. DOI: 10.2215/CJN.02110217.

Moe S.M., Chertow G.M., Parfrey P.S., Kubo Y., Block G.A.,
Correa-Rotter R. et al. Cinacalcet, fibroblast growth factor-23,
and cardiovascular disease in hemodialysis: The Evaluation
of cinacalcet HCI therapy to lower cardiovascular events
(EVOLVE) Trial. Circulation. 2015;132(1):27-39. DOI:
10.1161/CIRCULATIONAHA.114.013876.

Hekimian G., Boutten A., Flamant M., Duval X., Dehoux
M., Benessiano J. et al. Progression of aortic valve stenosis
is associated with bone remodelling and secondary hyper-
parathyroidism in elderly patients--the COFRASA study.
Eur. Heart J. 2013;34(25):1915-1922. DOI: 10.1093/eu-
rheartj/ehs450.

Zemchenkov A.Yu., Gerasimchuk R.P., Vishnevsky K.A.,
Zemchenkov G.A. Hyperphosphatemia in Patients with
Chronic Kidney Disease on Dialysis: Risks and Correction
Possibilities. Clinical Nephrology. 2013;4:13-46. (In Russ.).
Zhou X., Guo,Y., Luo Y. The optimal range of serum intact
parathyroid hormone for a lower risk of mortality in the in-
cident hemodialysis patients. Renal Failure. 2021;43(1):599—
605. DOI: 10.1080/0886022X.2021.1903927.

Yeh H., Yeh H., Chiang C.C., Yen J.C., Wang I.K., Liu S.H. et
al. Hungry bone syndrome in peritoneal dialysis patients after
parathyroid surgery. Endocr. Connect. 2023;12(10):230107.
DOI: 10.1530/EC-23-0107.

Jean G., Lataillade D., Genet L., Legrand E., Kuentz .F,
Moreau-Gaudry X. et al. Association between very low PTH
levels and poor survival rates in haemodialysis patients: re-
sults from the French ARNOS cohort. Nephron. Clin. Pract.
2011;118(2):211-216.

Jiang T., Deng E., Chai H., Weng N., He H., Zhang Z. et al.
Radiofrequency ablation for patients with recurrent or per-
sistent secondary hyperparathyroidism after parathyroidecto-
my: initial experience. Endocrine. 2023;83(3):681-690. DOI:
10.1007/s12020-023-03513-5.

Lin L.P., Lin M., Wu S.S., Liu W.H., Zhang L., Ruan Y.P.
et al. Complications after radiofrequency ablation of hyper-
parathyroidism secondary to chronic kidney disease. Ren. Fail.
2023;45(1):2215334.DO0I:10.1080/0886022X.2023.2215334.

Zhulina E.M. — conception and design, data analysis and interpretation, and drafting of the manuscript. Brykun M.V. — data analysis
and interpretation. Saprina T.V. — conception and design, editing, and final approval of the manuscript for publication. Vorojcova I.N.,
Tskhay V.F., Komkova T.B. — justification of the manuscript and critical revision for important intellectual content.

Bulletin of Siberian Medicine. 2025; 24 (3): 14-24 23



Zhulina E.M., Brykun M.V., Saprina T.V. et al. The effect of local injections of paricalcitol into the parathyroid glands on parathyroid

Author Information

Zhulina Elizaveta M. — Assistant, Intermediate-Level Therapy Division with Clinical Pharmacology and Endocrinology Courses,
Siberian State Medical University, Tomsk, elisaveta.zhulina@gmail.com, http://orcid.org/0000-0002-0798-1089

Brykun Maria V. — Student, Siberian State Medical University, Tomsk, aryabrykun@gmail.com, http://orcid.org/0009-0004-7680-
4272

Saprina Tatiana V. — Dr. Sci. (Med.), Associate Professor, Intermediate-Level Therapy Division with Clinical Pharmacology and
Endocrinology Courses, Siberian State Medical University, Tomsk, tanja.v.saprina@mail.ru, http://orcid.org/0000-0001-9011-8720;

Vorojcova Irina N. — Dr. Sci. (Med.), Professor, Professor of the Intermediate-Level Therapy Division with Clinical Pharmacology
and Endocrinology Courses, Siberian State Medical University, Tomsk, vorozhcova.in@ssmu.ru, https://orcid.org/0000-0002-0424-4825

Tskhay Valentina F. — Dr. Sci. (Med.), Professor, Surgical Conditions Division with a Traumatology and Orthopedics Course,
Siberian State Medical University, Tomsk, tskhay.vf@ssmu.ru, http://orcid.org/0000-0002-9892-2825

Komkova Tatiana B. — Dr. Sci. (Med.), Professor, Head of the Surgical Conditions Division with a Traumatology and Orthopedics
Course, Siberian State Medical University, Tomsk, komkova.tbo@ssmu.ru, http://orcid.org/0000-0002-4164-6823

(><) Zhulina Elizaveta M., elisaveta.zhulina@gmail.com
Received on January 23, 2025;

approved after peer review on February 25, 2025;
accepted on February 27, 2025

24 BionneTteHb cMbupckon MeguuuHbl. 2025; 24 (3): 14-24



