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Abstract. Granulomatosis with polyangiitis (GPA) is a rare ANCA-associated vasculitis
in children, often characterized by severe multisystem involvement and diagnostic
challenges. We report a case of a 17-year-old female evaluated at the Department
of Pediatric Rheumatology and Autoinflammatory Diseases of the SI “Academician
Lukyanova Institute of Pediatrics, Obstetrics and Gynecology of the NAMS of Ukraine”
(Kyiv, Ukraine). The disease initially manifested with febrile fever and sinusitis with
bloody-purulent discharge, followed by arthralgia and joint swelling. After temporary
regression with antibiotic therapy, relapse occurred four months later with fever,
hemorrhagic papular rash with necrotic lesions, dyspnea, and hemoptysis. Imaging
revealed bilateral polysegmental pneumonia with 65% lung involvement. Differential
diagnosis included systemic lupus erythematosus and other systemic connective tissue
diseases. A tenfold elevation of anti—proteinase 3 antibodies confirmed GPA. Despite
pulse methylprednisolone, cyclophosphamide, and antibiotic therapy, the patient
developed rapidly progressive acute kidney injury requiring urgent renal replacement
therapy. Subsequent treatment with rituximab resulted in marked clinical improvement
and disease regression.

This case is notable for the delayed diagnosis and fulminant renal progression requiring
dialysis in a pediatric patient, highlighting the importance of early ANCA testing and
timely initiation of biological therapy in refractory GPA.

Keywords: acute kidney injury, granulomatosis with polyangiitis, children, diagnostics,
treatment.
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T. Bymnik!, O. Myksiu2, I. Kusasekosa3, H. JIpsuenko?, JI. AGpamosa3

I'panynemMaTo3 3 noJiiaHriiToM 3 pO3BUTKOM rOCTPOro NOIMKOIKEHHS HUPOK y
JATHHM: KJIHIYHAA BUNIAAO0K TA TPYAHOIII BeIEHHS

THHII «IacTutyT 6iosorii Ta Mmequumau» KHY im. Tapaca Illesuenka, Kuis, Ykpaina
21TV «BceykpaiHChLKMIA LIEHTp MatepuHcTBa Ta autiHctBa HAMH Ykpainn», Kuis, Ykpaina
3XapKiBCbKMIi HALIOHANILHUI MEIVMYHMIA YHIBEPCUTET, XapKiB, YKpaiHa

Pestome. Ipanysemamos 3 nosianeiimom (I'IA) — piokicnuit AN CA-acouitiosanuii eackyaim y dimeil, ujo yacmo
XapaKmepu3yemuvCsi MANCKUM MYAbIMUCUCIMEMHUM YPadceHHAM [ diaenocmuyHumu mpyonowamu. Ilpedcmaeneno kai-
HiYHUl unadok 17-piunoi nauienmiu, sxa npoxodusa obcmedcenHs y 8i00inenni dumsuoi peesmamonoeii ma aymosa-
nanvHux 3axeopiosans Y «lncmumym nediampii, akywepcmea i einexonoeii imeni akademixa O. M. Jlyx snosoi HAMH
Yipainu» (m. Kuie, Yxpaina). 3axeoprosanus 0e6romyeano (GedpuibHOr eapauKo0 ma CUHYCUMOM I3 KpPO8 SIHUCMO-
CHIHHUMU BUOQINCHHAMU, 3 NOOAABUWIUM PO3BUMKOM apmpaneiil i npunyxiocmi cyenobie. Ilicas mumuacoeozo peepecy
cumnmomie Ha mai aumubaxmepianbHoi mepanii uepes womupu micsayi i00y8cs peyuous i3 niOBUUCHHIM MeMnepamypu
mina, eemMopazitHumM nNAnYAbO3HUM BUCUNOM 3 HEKPOMUMHUMU eAeMeHMAMU, 3a0UlKO0I0 Ma KPOBOXAPKAHHAM. 3a 0aHuU-
MU IHCMPYMEHMAAbHUX Memo0ié 00CmedceH sl BUABACHO 0800IUHY NOAICe2MEHMAPHY NHEBMOHII 3 YPANCCHHAM OAUZLKO
65% necenesoi mkanunu. Y mexcax ougepenyiiinoi diaeHocmuku po3easdanu cCUCMeMHUN Yepeonull 084ax ma iHuli
cuUCmeMHi 3axX80pI0AHHS CNOAYYHOI mKanunu. [lecasmuKpamue niosuujenHs piHs anmumin 0o npomeinasu 3 (anti-PR3)
niomeepouno diaernos I'TIA. Hessaxcarouu Ha npoedeHHs Nyabc-mepanii Memuanpeonizononom, yukiogocpamioom ma
aHmubakmepianvHoi mepanii, y NAUIEHMKU PO3BUHYAOCS WEUOKONPOZpecyrHe 20Cmpe NOUKOONCeHHS HUPOK, W0 NO-
mpebysano HesiOKkAadHOI HUpKoeoi 3amicroi mepanii. Ilodanvuie npUsHAUEHHs PUMYKCUMAOY 3YyMOBUNO BUPAICEHE Ki-

HiYHe NOKpauleHHs ma pezpecito 3ax60PHBAHHS.

IIpedcmasnenuii 6unadok € nOKazoeuM wo0o nizHboI éepuiKayii diaeHo3y ma OAUCKABUUHO20 NPO2PECYB8AHHS
HUPK0B020 YPANCEHHS 3 HeOOXIOHICMI0 NpoeedeHHs 0ianizy 6 OUmsaHoOMY 8iyi, Wo NIOKPecarOe 8ANCAUBICIb PAHHBO2O GU-
snauenns ANCA ma ceoeuacroeo npusnauents bionoeiunoi mepanii npu pegppakmepromy nepeoicy I'lIA.

KimouoBi ciioBa: cocmpe ypasicenns Hupok, epanyiemamosHuii noaianeiim, dimu, oiaezHocmuka, AiKy8anHs.

Introduction. Since 2011, following the recom-
mendations of leading international rheumatological
societies (ACR, ASN, EULAR), a new nomenclature
has been adopted for the systemic vasculitis previously
known as Wegener’s granulomatosis — granulomatosis
with polyangiitis (GPA). This term reflects the hallmark
characteristics of the disease: the formation of granu-
lomas and systemic inflammation of predominantly
small-to-medium-sized vessels.

GPA is classified as an antineutrophil cytoplas-
mic antibody (ANCA)-associated systemic vasculitis,
along with eosinophilic granulomatosis with polyangi-
itis (EGPA, formerly Churg-Strauss syndrome), micro-
scopic polyangiitis (MPA), and renal-limited necrotiz-
ing crescentic glomerulonephritis. The overlapping
clinical features of these entities often complicate the
differential diagnosis [1].

The incidence of GPA ranges from 2 to 12 cases
per million inhabitants, with an equal distribution be-
tween men and women. In the pediatric population,
the disease is exceptionally rare, occurring predomi-

Tetiana V. Budnik
budniktania8 @gmail.com

nantly in girls. While the estimated annual incidence of
GPA in adults is 1:100,000 (with 90% of cases reported
in Caucasians), the pediatric incidence is significantly
lower, at approximately 0.1:100,000 [2]. Consequently,
standardized and regulated treatment regimens for chil-
dren remain limited.

The etiopathogenesis of systemic vasculitis is com-
plex and autoimmune in nature. It involves the produc-
tion of ANCAs directed against proteinase 3 (PR3) in
approximately 80% of GPA patients, or against myelo-
peroxidase (MPO) in about 10% of patients with MPA.
Furthermore, antibodies to lysosomal membrane pro-
tein 2 (LAMP-2) may play a role in the pathogenesis
through molecular mimicry [3].

GPA may present as a localized form, typically af-
fecting the upper respiratory tract, or as a more severe
and aggressive systemic form. Clinical manifestations
depend on the specific vascular beds involved. Beyond
the classic diagnostic triad — granulomatous inflamma-
tion of the upper and lower respiratory tracts and nec-
rotizing pauci-immune glomerulonephritis associated
with ANCA — the disease can also involve the central
and peripheral nervous systems, skin, gastrointestinal
tract, and musculoskeletal system [4].

Clinical presentation often varies depending on
the disease stage and the extent of multi-organ involve-
ment. While the clinical and laboratory features of GPA
have been well-characterized in several large adult co-
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horts, pediatric data remain scarce due to the rarity of
the disease in childhood [5].

Renal involvement is observed in 38% to 100% of
GPA cases. Renal manifestations, typically presenting
as pauci-immune necrotizing glomerulonephritis, oc-
cur in 70—85% of patients at some stage of the disease.
Initial laboratory and clinical signs of renal damage are
present in approximately 25% of patients at disease on-
set. A rapidly progressive form of glomerulonephritis,
characterized by a swift decline in renal function, oc-
curs in about 28% of GPA patients. In other instances,
renal involvement develops later, during the subsequent
months or even years [4, 7]. Pathognomonic signs of
renal damage in GPA include proteinuria, hematuria,
and a decreased glomerular filtration rate (GFR).

Patients with renal insufficiency face a significant-
ly increased risk of mortality, particularly those requir-
ing renal replacement therapy, with mortality rates ris-
ing over time. The most critical complication of GPA is
acute kidney injury (AKI). According to some reports,
the incidence of AKI among hospitalized patients can
reach 91.5%. Without targeted intervention, AKI rap-
idly progresses to end-stage renal disease (ESRD) and
remains a primary cause of mortality.

The overall mortality rate for GPA is 43.5 per 1,000
person-years. During the first year following diagnosis,
this rate peaks at 97.4 per 1,000 person-years before
gradually declining. If left untreated, the one-year mor-
tality rate for GPA is as high as 90% [6].

This report aims to describe and analyze a rare
clinical case of GPA in a pediatric patient complicated
by severe AKI.

Case presentation. In June 2023, a 17-year-old fe-
male patient was admitted to the Department of Pedi-
atric Rheumatology and Autoinflammatory Diseases of
the SI “Academician Lukyanova Institute of Pediatrics,
Obstetrics and Gynecology of the NAMS of Ukraine.”
The primary objectives of hospitalization were diagnos-
tic verification and the determination of a therapeutic
strategy. Upon admission, the patient presented with
edema of the ankle, wrist, and knee joints, as well as
a polymorphic rash localized on the shins, hands, el-
bows, forchead, and ears. Additionally, she reported a
sporadic cough and severe generalized weakness.

At the time of admission, a preliminary diagnosis
was established: ANCA-associated systemic vasculitis
(Granulomatosis with Polyangiitis, GPA), character-

ized by an acute progressive course in the active phase
(Activity Stage I1I). The disease activity, assessed using
the Birmingham Vasculitis Activity Score (BVAS), was
27 points at onset, indicating high clinical activity.

The patient’s medical history revealed that six months
before admission, she had developed right-sided sinus-
itis with bloody-purulent discharge. She was treated with
amoxicillin/clavulanate (1000 mg for 5 days), which re-
sulted in transient clinical improvement. However, one
week later, she developed arthralgia in the knee joints and
swelling of the ankle joints. Following a subsequent 6-day
course of ciprofloxacin, the joint syndrome regressed.

In late May 2023, the patient developed a sore
throat, dry cough, and a febrile temperature of 38.1°C.
Despite a 5-day course of cefixime, which provided
transient relief, her condition deteriorated immediately
following the cessation of antibiotic therapy. Her body
temperature rose to 38.6°C, accompanied by the ap-
pearance of a papular rash on the shins, hands, elbows,
face, and ears, with a marked tendency toward necrotic
transformation.

Chest X-ray revealed signs of bilateral pneumonia.
The patient’s clinical status progressively worsened,
characterized by dyspnea, cough with hemoptysis, se-
vere myalgia, and arthralgia, leading to hospitalization
at a regional pediatric hospital.

Upon admission, the patient was in critical condi-
tion with a body temperature of 38.6°C, oxygen saturation
(Sp02) of 80% on room air, and a respiratory rate of 26—
28 breaths per minute. Physical examination revealed a
polymorphic rash with necrotic elements localized on the
extremities, face, and auricles. Laboratory findings indi-
cated a systemic inflammatory response: erythrocyte sedi-
mentation rate (ESR) was 52 mm/h and C-reactive pro-
tein (CRP) was 48 mg/L. The D-dimer level was signifi-
cantly elevated at 4.66 pg/mL (normal < 0.5). Screening
for tuberculosis (TBC), HSV, EBV, and CMV was nega-
tive. While SARS-CoV-2 PCR was negative and IgM was
0.297 (negative), IgG to SARS-CoV-2 was 6.884 (posi-
tive). Serological testing for autoimmune markers showed
positive anti-double-stranded DNA (anti-dsDNA) anti-
bodies at 35.71 IU/mL (normal < 20.0), while antinuclear
antibodies (ANA) were negative.

The patient was initially diagnosed with severe
community-acquired bilateral polysegmental pneumo-
nia and Grade II respiratory failure (Fig. 1).

Fig. 1. Chest X-ray and CT

scans of a patient with GPA.
Findings demonstrate bilateral
polysegmental pneumonia with

an estimated total lung involvement
of approximately 65%.
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Radiographic findings showed homogenous opaci-
ties of medium intensity in the middle and lower lobes
of both lungs, more pronounced on the right, with vis-
ible air bronchograms. The pulmonary markings were
enhanced, and the hilar regions were structureless and
infiltrated. High-resolution CT (HRCT) of the chest
confirmed bilateral polysegmental pneumonia with ap-
proximately 65% total lung involvement. Hematologi-
cal analysis revealed Grade III anemia (red blood cell
count 2.6—3.0 x 10'2/L, hemoglobin 63.0—80.0 g/L).
Urinalysis showed moderate erythrocyturia, mild pro-
teinuria (0.264—0.297 g/L), and slight leukocyturia (up
to 16 cells/hpf). Musculoskeletal ultrasound revealed
signs of synovitis in the right ankle joint and free fluid
(up to 4 mm) in the left ankle joint.

Oxygen therapy was initiated via a facial mask,
maintaining oxygen saturation (SpO2) between 94%
and 99%. On June 13, 2023, the patient received a
transfusion of 250 mL of leukocyte-depleted packed
red blood cells (Group A (IT) Rh+). On June 22, 2023,
multi-drug antibiotic therapy was administered, in-
cluding linezolid (600 mg IV), meropenem (1000 mg),
and moxifloxacin (400 mg). A bone marrow aspiration
performed on June 14, 2023, revealed a cellular marrow
with a normoblastic type of hematopoiesis.

Under the administered treatment, significant
clinical improvement was observed, characterized by
a reduction in systemic inflammatory activity, normal-
ization of body temperature, stable SpO2 (95-97%),
and regression of the necrotic skin rash. Follow-up
chest X-rays demonstrated positive dynamics, showing
a decrease in edematous and infiltrative changes. Oral
glucocorticoid (GC) therapy was initiated with meth-
ylprednisolone (48 mg/day), which initially contrib-
uted to the positive clinical trend. However, the patient
subsequently developed refractory vomiting (up to 10

episodes per day) with streaks of mucus and blood. Due
to the clinical complexity and the need for specialized
care, she was transferred to the Institute of Pediatrics,
Obstetrics, and Gynecology (IPAG).

Patient history. The patient was born full-term fol-
lowing an unremarkable first pregnancy and uncom-
plicated delivery, with a birth weight of 2,400 g and a
length of 52 cm. She was breastfed until two months
of age, followed by formula feeding. Childhood vac-
cinations were administered according to the national
schedule without complications. Her past medical
history includes varicella and seasonal acute respira-
tory viral infections (2—3 times per year). In 2021, she
contracted COVID-19, which was complicated by a
persistent subfebrile temperature for one month. In
December 2022, she was diagnosed with right-sided si-
nusitis, followed by bilateral pneumonia in early 2023.
Menarche occurred at age 12 with regular cycles. No
prior surgical interventions or significant traumas were
reported. Family history was notable for type 2 diabetes
mellitus in the maternal grandmother.

Physical examination (Admission to the ICU). Upon
admission to the Intensive Care Unit (ICU), the patient’s
vital signs were as follows: body temperature 36.2°C,
heart rate 95 beats per minute, and blood pressure
110/70 mmHg. Anthropometric measurements in-
cluded a weight of 55 kg and a height of 165 cm (Body
Mass Index [BMI] 20.2 kg/m?; body surface area [BSA]
1.60 m?).

The patient’s general condition was assessed as
moderately severe. She presented with an asthenic
physique and adequate nutritional status. Physical ex-
amination revealed pallor of the skin and a widespread
maculopapular rash with necrotic elements localized
on the shins, elbows, hands, forchead, and auricles
(Fig. 2).

Fig. 2. Clinical appearance of a patient with GPA, demonstrating maculopapular rash with necrotic elements localized
on the shins, elbow region, and auricle.

The visible mucous membranes were pink and
moist; however, a solitary ulcer was noted on the buccal
mucosa near the premolar teeth. The tongue was pink
with a white coating. Peripheral cervical lymph nodes

were enlarged to 0.5 cm, remained painless, and were
not fixed to the surrounding tissues. Muscle tone was
symmetric and satisfactory.
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Pulmonary percussion revealed dullness bilateral-
ly. Upon auscultation, diminished breath sounds were
noted, with crepitus present in the right lung fields.
Heart sounds were clear and rhythmic. Significant
swelling and deformity of the knee, ankle, wrist (ra-
diocarpal), and interphalangeal joints were observed.
The affected joints were not warm to the touch and
were painless on palpation; both active and passive
ranges of motion were full, with preserved joint func-
tion. The abdomen was soft and non-tender upon
superficial palpation. The liver was palpable 1.5 cm
below the costal margin; the spleen was not palpable.
Bowel movements were regular, and no voiding dys-
function was observed.

Preliminary _diagnosis. A preliminary diagnosis
was established: ANCA-associated systemic vasculi-
tis (Granulomatosis with Polyangiitis, GPA). Clini-
cal manifestations included: Skin — Maculopapular
rash with necrotic elements; Upper respiratory tract —
History of right-sided sinusitis; Lower respiratory
tract — Bilateral community-acquired pneumonia with
Grade II respiratory failure; Renal involvement — Per-
sistent erythrocyturia and proteinuria; Musculoskeletal
system — Polyarthritis involving the knee, ankle, wrist,
and interphalangeal joints; Hematological — Chronic
Grade III anemia.

Differential diagnosis and laboratory evaluation.
The diagnostic priority was the differential diagno-
sis between systemic lupus erythematosus (SLE) and
other systemic connective tissue diseases (SCTDs).
The comprehensive diagnostic plan included: complete
blood count (CBC), biochemical profile, quantitative
C-reactive protein (CRP), antistreptolysin O (ASLO),
rheumatoid factor (RF), antinuclear antibodies (ANA),
antineutrophil cytoplasmic antibodies (ANCA) panel,
lactate dehydrogenase (LDH), serum electrolytes,
throat culture, coagulogram, D-dimer, and ferritin.
Additionally, antiphospholipid antibodies (APA), anti-
double-stranded DNA (anti-dsDNA), serum immu-
noglobulins (IgG, 1gM, IgA), urinalysis, the Nechipo-
renko test, 24-hour proteinuria and glucosuria, and a
coprogram were performed.

Instrumental diagnostics included electrocardiog-
raphy (ECG), echocardiography (Echo-KG), and ul-
trasound of the paranasal sinuses (ENT), kidneys, thy-
roid gland, and joints. Multidisciplinary consultations
were conducted with an ophthalmologist, otolaryngol-
ogist (ENT), nephrologist, and dermatologist.

Laboratory investigations revealed the following sig-
nificant abnormalities:

e Inflammatory markers: Persistent elevation of ESR

(10—20 mm/h) and CRP (6—46 mg/L).

e Hematological profile: Grade I-II anemia with

hemoglobin levels ranging from 88 to 100 g/L;

ferritin elevation to 194 ng/mL.

e Hemostasis: A critical increase in D-dimer levels
(exceeding 15,000 ng/mL).

e Specific biomarkers: A 10-fold increase in anti-
proteinase 3 (anti-PR3) antibodies, with titers

exceeding 200 U/mL (more than 10 times the
upper limit of normal).

e  Urinalysis: Hematuria (erythrocyturia up to
70 cells/hpf) and proteinuria (up to 0.99 g/L).

Therapeutic intervention and clinical course. The
treatment regimen was initiated with intravenous
(IV) pulse therapy consisting of methylprednisolone
(1000 mg daily for three consecutive days), followed
by a transition to oral methylprednisolone (60 mg/day).
Induction immunosuppressive therapy included IV cy-
clophosphamide (750 mg). Supportive and adjunc-
tive therapy comprised broad-spectrum antibiotics
(meropenem and vancomycin), antithrombotic agents
(rivaroxaban 10 mg/day, subsequently increased to
15 mg/day, and enoxaparin 0.4 mL), furosemide, and
IV pentoxifylline (100 mg). Additional medications in-
cluded detoxification therapy, enalapril (5 mg), Lespe-
dezaextract, mesna(foruroprotection),andomeprazole.
This comprehensive approach initially led to a reduc-
tion in systemic inflammatory activity and a decline in
D-dimer levels.

However, the patient’s clinical status was compli-
cated by a rapid deterioration of renal function. Labo-
ratory monitoring revealed a significant increase in
serum creatinine (up to 248 umol/L) and urea (up to
26.5 mmol/L), alongside rising potassium levels. The
estimated glomerular filtration rate (¢GFR) acutely de-
clined to 27 mL/min/1.73 m2. Due to the development
of AKI, the patient was transferred to the Department
of Intensive and Efferent Therapy for Acute Intoxica-
tions at the National Children’s Specialized Hospital
“OKHMATDYT?” for urgent renal replacement thera-
py (RRT). Following a course of extracorporeal treat-
ment, the patient’s renal function parameters stabilized
(creatinine 138 pumol/L, urea 13.2 mmol/L), allow-
ing for her transfer back to the SI “IPAG named after
O.M. Lukyanova NAMS” for continued management
of the underlying disease.

Final diagnosis and revised therapeutic strategy.
At this clinical stage, the definitive diagnosis was for-
mulated as follows: ANCA-associated systemic vasculi-
tis — Granulomatosis with Polyangiitis (GPA). The dis-
ease was characterized by an acute, multisystem course
involving:

e Systemic symptoms: Persistent fever.

e Renal involvement: Pauci-immune necrotizing
glomerulonephritis.

e  Dermatological: Necrotic skin rash.

e Respiratory: Upper and lower respiratory tract
involvement.

e  Musculoskeletal: Polyarthritis.

e Ocular: Peripheral retinal vasculitis in both eyes.
The clinical activity was assessed at 27 points on

the BVAS scale (Birmingham Vasculitis Activity Score).

The current status was further complicated by a history

of AKI in the recovery stage.
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The therapeutic regimen was intensified and in-

cluded:

Glucocorticoids: Oral methylprednisolone (40 mg/
day, administered in a split dose: 24 mg at 08:00, 8
mg at 13:00, and 8 mg at 18:00).

Biological therapy: Induction with rituximab (500
mg IV, two doses).

Supportive care: Intravenous immunoglobulin
(IVIG), antiplatelet therapy (dipyridamole 50
mg twice daily, pentoxifylline 50 mg twice daily),
enalapril (5 mg), and a B-blocker (2.5 mg).

e  Prophylaxis and supplementation: Trimethoprim/
sulfamethoxazole (240 mg daily)
for Pneumocystis prophylaxis, folic acid (1 mg),
vitamin D3 (2000 IU/day), calcium (1000 mg/
day), omeprazole (20 mg/day), omega-3 fatty
acids, and B-complex vitamins.

¢  Ophthalmological: Topical anti-inflammatory eye
drops.

The initiated treatment resulted in significant posi-
tive clinical and laboratory trends, particularly regard-
ing renal function (Table 1).

Table 1

Trends in selected laboratory parameters and kidney function in a 17-year-old patient with GPA during the
recovery phase following AKI

Date TOtalrg::]O;f/S‘Lt erol, Urea, mmol/L TOtalgP/rf tein CRP.mg/L| Creatinine, umol/L L /:]?nF/I:}S m2
July 14 648 14.34 60.6 3 @ 2
July 18 647 1219 541 9 125 48
July 24 750 12.32 654 4 18 51
July 31 776 8.82 62.0 8 121 49
August 03 773 8.25 62.9 5 103 58

Note:

patients; CRP — C-reactive protein.

However, some metabolic instability persisted,

including fluctuations toward metabolic acidosis, tran-

Note:

*¢GFR (estimated Glomerular Filtration Rate) calculated using the bedside Schwartz formula for pediatric

sient episodes of hyperkalemia, and persistent hypocal-
cemia (Table 2).

Table 2
Trends in blood gas and electrolyte parameters in a patient with GPA during the recovery phase following AKI
Date pH pCO,, mmHg p0,, mmHg Het, % rsnor(rjlloulr/nL P(:It]::nssli%n " | iCaZ*, mmol/L
July 14 7448 406 25 29 1377 4.32 1.03
July 17 7420 471 21 25 139.8 3.83 0.91
July 25 1252 %9 22 30 143.2 5.03 071
July 31 1397 428 29 34 1421 5.26 0.98

iCa?* — ionized calcium.

The patient with GPA complicated by AKI re-

ceived an intensive induction regimen consisting of the
following pathogenetic therapies:

Intravenous Pulse Cyclophosphamide: Admini-
stered at a dose of 750 mg every two weeks (3 doses),
followed by a fourth dose of 750 mg after a three-
week interval.

High-Dose Glucocorticoids: Intravenous pulse
therapy with methylprednisolone (1000 mg daily
for three consecutive days).

pCO, — partial pressure of carbon dioxide; pO, — partial pressure of oxygen; Hct — hematocrit;

e Biological Therapy: Induction with rituximab
(500 mg 1V, 2 doses).

e Adjuvant Immunotherapy: Intravenous immuno-
globulin (IVIG) was administered to stabilize the
immune response and mitigate infection risks dur-
ing aggressive immunosuppression.

Discussion. The diagnosis of systemic vasculitis,
including Granulomatosis with Polyangiitis (GPA), is
primarily based on characteristic clinical manifesta-
tions. The “gold standard” remains histological exami-

8

BrnaAKM 3 KAIHIYHOT NpAKTHKK

YKPAIHCbKMIN XYPHOA HEPROAOTTT Ta Aiaaizy N21 (89) 2026



Ukrainian Journal of Nephrology and Dialysis, 1 (89)’2026

Clinical case reports

nation, which typically reveals necrotizing small-vessel
vasculitis and granulomatous inflammation character-
ized by the presence of multinucleated giant cells.

However, histopathological confirmation is fre-
quently unattainable in the early stages of GPA. In pa-
tients presenting with suggestive clinical symptoms for
whom a biopsy is either unfeasible or non-diagnostic,
positive ANCA (antineutrophil cytoplasmic antibody)
testing is pivotal for establishing the diagnosis. ANCAs
are directed against two major neutrophil enzymes: ser-
ine proteinase 3 (PR3) and myeloperoxidase (MPO).
Antibodies against PR3 (anti-PR3) are virtually pathog-
nomonic for GPA, whereas antibodies against MPO (an-
ti-MPO) are more characteristic of other primary necro-
tizing vasculitides, most notably microscopic polyangiitis
(MPA) [6].

Two primary methodologies are utilized for the
detection of ANCA: indirect immunofluorescence
(ITF) and enzyme-linked immunosorbent assay (ELI-
SA). IIF distinguishes between anti-PR3 and anti-MPO
antibodies based on their characteristic staining pat-
terns: the former is typically associated with cytoplasmic
ANCA (c-ANCA), while the latter corresponds to peri-
nuclear ANCA (p-ANCA). The identification of serum
ANCA titers using IIF techniques provides strong diag-
nostic support, frequently enabling a clinical diagnosis in
cases where a biopsy is either inconclusive or contrain-
dicated.

The sensitivity of c-ANCA titers is closely cor-
related with disease activity. Notably, approximately
20% of patients with active systemic GPA may pres-

ent with a negative ANCA result. This percentage in-
creases to 30% in localized forms of the disease [3, 5].
Induction therapy typically consists of a combina-
tion of corticosteroids and cyclophosphamide; more re-
cently, rituximab has been established as a standard for
remission induction. This is followed by a maintenance
phase involving low-dose corticosteroids in combina-
tion with azathioprine or other disease-modifying anti-
rheumatic drugs (DMARD:s) for several years.
Immunosuppressive regimens are integrated with
comprehensive supportive care, which includes:
¢  Management of organ dysfunction (e.g., treatment
of hypertension or renal replacement therapy);

e Prevention and treatment of treatment-related
comorbidities (e.g., opportunistic infections,
osteoporosis, or cataracts);

e  Monitoring for the exacerbation of pre-existing
conditions or the development of new pathologies.

Despite this multimodal approach to GPA man-
agement, relapses remain frequent, and therapy-related
complications continue to be a major clinical concern.
While the erythrocyte sedimentation rate (ESR) and c-
ANCA titers are traditionally used to monitor disease
activity and identify early signs of relapse, their clinical
utility remains a subject of ongoing debate.

Consequently, the therapeutic strategy for each
patient must be individualized, incorporating an assess-
ment of disease severity and the specific clinical context.
A review of the current literature provides relevant data
on the clinical presentation of ANCA-associated glo-
merulonephritis in the pediatric population (Table 3).

Table 3
Clinical variants of ANCA-associated glomerulonephritis in children
Patient Aggé)r(lzaerrs]/ Type AGN, % CGN, % CTIN, % Treatment Outcome
1 6/F MPA - - - SC RT
2 12/F MPA 100 0 0 S,C RT
3 6/M MPA 10-21 80-90 20-30 SC PD
4 12/F MPA 0 60 20 S.C RT
5 18/M GPA 90-100 0 0 SCRP NKF
6 16 /M GPA 26-32 0 0 $C NKF
7 12/F MPA 23-37 50-60 30-40 SCRP HD
8 16/M GPA 67-73 0 0 SRP ESRD
Note: MPA — microscopic polyangiitis; GPA — granulomatosis with polyangiitis; AGN — acute glomerulonephritis

(% of affected glomeruli); CGN — chronic glomerulonephritis (% of sclerotic glomeruli); CTIN — chronic
tubulointerstitial nephritis (% of affected interstitial tissue); S — Solu-Medrol (methylprednisolone);

C — cyclophosphamide; R — rituximab; P — plasmapheresis; RT — renal transplantation; PD — peritoneal
dialysis; HD — hemodialysis; NKF — normal kidney function; ESRD — end-stage renal disease.

Up to 30% of patients presenting with moderate-
to-severe renal involvement require renal replacement
therapy (RRT) at the time of diagnosis. Notably, be-

tween 40% and 70% of these patients may experience
recovery of renal function following successful induc-
tion therapy [7].
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Current clinical practice guidelines for ANCA-
associated vasculitis with renal impairment recommend
a first-line induction regimen consisting of intrave-
nous pulse methylprednisolone combined with cyclo-
phosphamide to achieve clinical remission. However,
the long-term risk of relapse; furthermore, rigorous
monitoring of absolute leukocyte counts before and af-
ter each infusion is mandatory.

Methotrexate in combination with glucocorti-
coids may be considered as an alternative to cyclophos-
phamide for early systemic disease in patients with a
preserved glomerular filtration rate (¢GFR > 60 mL/
min/1.73 m?2). Nevertheless, methotrexate has dem-
onstrated lower efficacy in preventing relapses during
the maintenance phase. It is strictly contraindicated in
cases of renal or hepatic insufficiency. In such clinical
scenarios, mycophenolate mofetil (MMF) combined
with glucocorticoids serves as an appropriate alterna-
tive therapeutic option [8].

In 2014, the National Institute for Health and Care
Excellence (NICE) recommended the use of ritux-
imab in combination with glucocorticoids for the man-
agement of ANCA-associated vasculitis in the follow-
ing scenarios:

When the cumulative dose of cyclophosphamide
has reached its maximum threshold;

e When cyclophosphamide is contraindicated or
poorly tolerated;

e In patients where the preservation of fertility is a
priority;

e In cases of refractory or progressive disease despite

6 months of standard induction therapy;

e In patients with a history of or active urothelial
neoplasia.

Plasmapheresis (therapeutic plasma exchange) as
an adjuvant therapy may be indicated in severe cases
of rapidly progressive glomerulonephritis (RPGN) to
improve renal survival and reduce the dependence on
long-term dialysis, as well as in patients presenting
with diffuse alveolar hemorrhage.

Intravenous immunoglobulins (IVIG) have dem-
onstrated significant therapeutic efficacy in ANCA-
associated vasculitis and are considered a viable alter-
native for patients with refractory disease or those for
whom conventional immunosuppressive therapy is
contraindicated. Currently, there is no consensus on
the optimal dose, frequency, or duration of IVIG ad-
ministration. Some authors employ IVIG protocols
based on small-scale clinical series, typically combining
them with corticosteroids until conventional immuno-
suppressants can be safely reintroduced [9].

The optimal maintenance strategy for remission
in GPA and other ANCA-associated vasculitides re-
mains a subject of ongoing debate. Given the severity
of the renal impairment in this case, we consider ritux-
imab to be the optimal therapeutic strategy. According
to the current literature, rituximab is associated with a
lower risk of relapse and fewer secondary complications
compared to traditional maintenance regimens. In the

presented case, this approach enabled the prevention of

early mortality and mitigated the direct impact of active

vasculitis on renal function.

Despite these advancements, GPA remains a life-
threatening condition until complete disease control or
clinical cure is achieved. Consequently, further clini-
cal observations and large-scale studies are essential to
refine pharmacological interventions. Such efforts are
necessary to increase patient survival rates, enable tar-
geted treatment and prevention of associated compli-
cations, improve the quality of life, and minimize the
cumulative toxicity of immunosuppressive therapy.

Conclusions:

1. The presented clinical case of GPA complicated
by AKI in a pediatric patient is rare and carries a
guarded prognosis. It demonstrates how pauci-
immune glomerulonephritis due to systemic
vasculitis can manifest initially as typical acute
glomerulopathy, followed by rapid progression to a
critical state of AKI.

2. Patients presenting with this clinical phenotype
face a high risk of mortality and frequently require
urgent renal replacement therapy (RRT) in
specialized intensive care units.

3. A subset of patients can recover from this critical
state with a return to normal renal function.
Although the specific factors associated with
renal recovery remain to be fully elucidated, they
likely depend on the early initiation of intensive
induction therapy and the use of high-dose
immunomodulatory agents.

Rituximab has demonstrated superior efficacy
and a more favorable safety profile compared to
traditional immunosuppressive regimens. This
makes it a highly viable therapeutic option for
the management of GPA with renal involvement,
including in the pediatric population.

5. Current treatment protocols for GPA, particularly
in children, are based on clinical trials with limited
sample sizes. Therefore, identifying the “ideal”
treatment strategy — aimed at achieving lower
recurrence rates, minimizing drug toxicity, reducing
mortality, and optimizing functional recovery —
requires further large-scale, prospective studies.
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Abstract. Renal subcapsular hematoma is an uncommon but potentially reversible
cause of acute kidney injury and renin-mediated secondary hypertension, known as the
Page kidney phenomenon. We report the case of a 74-year-old woman who presented
with progressive worsening of blood pressure control over one month and several days
of anuria. Her history was notable for long-standing hypertension, rivaroxaban therapy
for more than two years, a recent fall, and probable nonsteroidal anti-inflammatory
drug use. Laboratory evaluation revealed an elevated serum creatinine level of 158
umol/L, corresponding to an estimated glomerular filtration rate (eGFR) of 27 mL/
min/1.73 m2. Contrast-enhanced computed tomography demonstrated a massive left
renal subcapsular hematoma compressing the renal parenchyma, with a fat-containing
lesion in the upper pole suggestive of ruptured angiomyolipoma. Although surgical
intervention was recommended, the patient opted for conservative management with
discontinuation of anticoagulation. During the three-month follow-up, the hematoma
volume decreased by more than 50%, diuresis recovered, renal function stabilized
(eGFR 30-35 mL/min/1.73 m2), and blood pressure control improved. This case
highlights the importance of considering compressive renal lesions in anticoagulated
elderly patients presenting with sudden deterioration of blood pressure control and
reduced urine output.

Key words: renal subcapsular hematoma, Page kidney, acute kidney injury,
angiomyolipoma, anticoagulation.
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CnoHTaHHa cyOKamncy/asipHa reMaToMa HUPKH HA TJIi AHTHUKOATYJISIHTHOI Teparii:
KJiHiyHMiA BUnagaoK ¢peHomeny Page kidney 3 ycnmilmHUM KOHCEPBATUBHUM
BeJICHHAM
"Mennunnit uentp TOB “Hedpouentp”», M. Kuis, Ykpaina

2JlepxkaBHa ycTaHoBa «HalioHanbHII HAyKOBUIA LIEHTp Xipyprii Ta TpaHcIuianToorii imeni O.0. IaniMoBa
HauioHanbHo1 akaneMii MeAMYHUX HayK YKpainu», M. KuiB, YkpaiHa

Pestome. Cybrancyssapua eemamoma HUpKu € pioKiCHOW, are NOMEHYIlIHO 360POMHON NPUYUHOIO 20CHPO20 HO-
WKOOMNCEHHS. HUPOK ma éMOopuHHol peHin-onocepedkosaroi einepmensii (ghenomen Page kidney). YV uyiit pobomi npeo-
cmaeneno 8unadok 74-piunoi Jcinku, ska 36epHyaacs 3i ckapeamu Ha amypito npomseom dekinbkox 0i6 i npoepecyroue
niodsuujeHHs apmepianbHo20 MUCKY NPOMseoM Micaus. B anamunesi mpueasa apmepianvra einepmensis, npuilom puea-
pokcabany nonad 2 poxu, nadiHHa 3a mMicaub 00 eocnimanizayii ma UMoeipHull NPUOM HecmepoioHUX NPOMU3ananb-
Hux 3acobis. JlabopamopHo euseaeHO nideuuieHHs piHs KpeamuHiny 0o 158 mkmonv/a, wo 8idnogidano po3paxyHkogii
weudkocmi kaybouxoeoi ginempauii (pIIK®D) 27 ma/xe/1,73 M2, anemiio ma epumpoyumypiro. Komn romeprna momo-
epais 3 KOHMPACMYBAHHAM HPOOEMOHCMPYBAAA MACUBHY CYOKANCYAAPHY 2eMAMOMY Ai80i HUPKU 3 KOMNPECIEI0 napeH-
XimMU; y 6epPXHbOMY NOAKOCI 8i3YANI308AHO YMBEOPEHHSL 3 HCUPOBUM KOMNOHEHMOM, W0 8i0n08idano UmosipHoMy po3pusy
aneiomioninomu. Ilonpu pexomenoauii onepamueHoeo AiKy8anHs, NAUIEHMKA 00pala KOHCePBaAMUHy MaKmuky 3 8io-
Minow aumukoazyaanma. IIpomseom 3 micsayie cnocmepesiceHHs i03HAUEHO 3MEHUEeHHsl 00 €My eeMamomu Oinbll Hidc
Ha 50%, eionoenenns Oiype3y ma cmabinizayito gynxuyii nupox (pIIK®D 30—35 ma/xe/1,73 M2), a maxoxc nokpausen-
Hs1 KOHmpoato apmepiansioeo mucky. I[Ipedcmaenenuii 6unadok niokpecatoe HeoOXiOHicMb BUKAIOHEHHS. KOMIPECIHHUX
YPadceHb HUPKU Y NAUIEHMI6 NOXUA020 iKY HA AHMUKOARYASHMHIL mepanii y paszi panmoeozo no2ipuleHHs KOHMpoao

apmepianbHo20 MUCKY Ma 3HUNICEHHI 0iype3y.

KnouoBi ciioBa: cybxancyaspua eemamoma nupku, Page kidney, cocmpe nowkooxcenns Hupok, aneiomioninoma,

aHmuKoazcyasiHmHa mepaniﬂ.

Bceryn. Cy6karicynsipHa reMatroMa HUPKU € Bifl-
HOCHO PiIKiCHOIO, ajie KJiHiYHO 3HAYyIlIol TMpUYu-
HOIO KOMIIPECIiHHOro ypaxkeHHsI HUPKOBOI MapeHXiMu
[1, 2]. 3oBHILIHIA TUCK Ha MapeHXiMy MOXeE IIPU3BO-
IUTA OO0 3HWXEHHS BHYTPiIHbOHUPKOBOI mepdys3ii
Ta aKTUBalii peHiH-aHTiOTeH3WH-aJbI0CTEPOHOBOT
cucremu (PAAC) 3 po3BUTKOM BTOPUHHOI PEHiH-0I10-
cepeaKOBaHOI apTepialbHOI TilepTeH3ii, Tak 3BaHO-
ro ¢enomeny Page kidney [2, 3]. OxpiM rineprensii,
KOMIIPECisi HUPKU MOXKe CYIPOBOKYBATUCS 3HUKEH-
HSIM IIBHIKOCTI KIy6oukoBoi ¢inprpauii (LKD) Ta
PO3BUTKOM TOCTpOro moumkoaxkeHHss Hupok (I'TTH),
0COOJIMBO Yy MAIIEHTIB i3 CYIYTHbOIO XPOHIYHOIO XBO-
po6oro Hupok (XXH) [4, 5].

HaityacTilunMu nnpuynHaMu CyOKarcyasspHUX re-
MaTOM € TpaBMa, YCKJIaIHEHHS micysl Giomncii HUpKuU
ab0 iHBa3MBHUX BTpY4YaHb, a TAKOX CIIOHTAHHI KpO-
BOTEUi, MOB’sI3aHi 3 PO3PUBOM aHTioMiominmomu [5].
AHTUKOAryJsIHTHA Tepaltisi, 0COOJUBO Yy MaLi€EHTIB MO-
XUJIOTO BiKy 3a 3HMXKEHOT (PyHKUil HUPOK, MigBUILYE
PUM3MK TeMOopariyHux YCKJIagHEHb i MOXE CIpUATH

BikTop /IxXyp
dzhurvictor@gmail.com

(opMyBaHHIO MAaCUBHUX MEpUpPEeHATbHUX a00 cyOKar-
CYJISIDHUX KPOBOBMJIMBIB [6].

Kniniuna kaptuHa Page kidney e BapiabGenbHOO
Ta MOXe€ BKJIIOUATHU parToBe ab0 mporpecytoye ImiaBu-
meHHs AT, pe3aucTeHTHY TinepTeH3siio, 0iJib y ronepe-
KOBIil HiJsgHI, oJirypito abo aHypito Ta J1abopaTopHi
O3HaKWU ToripiieHHs GYyHKUil HUPOK. Y psii BUMIAAKiB
cyOKarcyJisipHa reMaToMa MOXe iMiTyBaTU MyXJIWHHE
YTBOpPEHHS 3a ITaHUMM YJIBTPA3BYKOBOI'O JOC/iIXKEH-
H$I, 110 YCKJIQJHIOE TIEPBUHHY AiarHOCTUKY. MeTomom
BUOOpY 17151 Bepudikallii AiarHO3y € KOMIT I0TepHa
tomorpagis (KT) 3 KoHTpacTyBaHHSIM, sSKa J03BOJISIE
OLIIHUTU 00’€M TeMaTOMM, CTYIIiHb KOMITpPECii mapeH-
XiMM Ta BUKIIOYUTHU iHINI TIPUYUHU 0O’€EMHOrO ypa-
XeHHd [2].

TakTnka BeaeHHS Malie€HTIB 3aJ1€XXUTh BiJl KJIiHi4-
HOi cTa0iNTbHOCTI, 00’€EMY reMaTOMM Ta CTYIEHS MOPY-
mweHHa GyHKUii Hupku [3]. Y TSOKKUX BUNIagKax MOXe
OyTH MoKa3zaHa XipypriuyHa AeKoMmIipecis abo eHaoBac-
KyJisipHa eMOoJii3allisi, TOAi SIK 3a CTa0iIbHOTO CTaHy
MOXKJIMBE KOHCEPBATUBHE JIIKyBaHHS 3 PETEJIbHUM MO-
HiTOopuHIOM [2, 7].

V nmaHiit po6OTi npeacTaBlieHO KJIiHIYHUIT BUIIa-
JIOK MAaCUMBHOIT CyOKaTCyIsIpHOI reMaTOMU JIiBOi HUPKU
3 po3BUTKOM (peHOMeHY Page kidney Ta roctporo mo-
IIKOJIKEHHSI HUPOK Y MalliEHTKU IMOXWJIOTO BiKy Ha aH-
TUKOATYJISIHTHINM Tepamnii, 3 MO3UTUBHOIO IUHAMiKOIO
MPpY KOHCEPBATUBHIl TAKTUIIi BEACHHS.
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Kainiunuii eunadok. Tlanientka K. 74 poku,
03.09.25 3BepHyach 3a KOHCYJbTalli€lo 10 HehpoJao-
ra 3i ckapramMyd Ha BiICYTHICTb CEUYOBUITYCKAHHSI Ha
MpoT3i KiIBKOX Ni0, MOCTYIMOBE MiNBUILEHHS apTe-
pianbHoTO TUCKY (AT) Mo 180/100 Ha mpoTA3i Micsis,
pedpakTepHe [0 TMPU3HAYEHOI AHTUTiNEePTEH3UBHOI
Teparii.

AHaMHe3: apTepiajiibHa rinepTeH3isg noHan 20 po-
KiB, HEPETYJSIPHUIA MPUAOM aHTUTIMEPTEH3UBHUX 3a-
co0iB (amylonuMiH 5 Mr, eHaJIanpua 5 Mr, 0iCOTPOJIOJ
2,5 mr), TIpuiioM puBapokcabaHy 20 Mr/mo0y OGinblme
JIBOX POKiB (YiTKO 3aJOKYMEHTOBAaHUX MOKa3aHb N0
AHTUKOATrYJISTHTHOI Tepariii He BCTAHOBJIEHO). 3a Mi-
CSllb IO 3BEpPHEHHS 3a3Haya€ MaJliHHS Ha MpaBuil 6ik
i3 TeMaTOMOIO CTETHOBOI NUISIHKY, MiCJs TPaBMU Bif-
MiYa€e MPUIOM HECTEPOIAHUX MPOTU3AMATBbHUX 3aCO-
6iB (HII33), Ha3B gkux He nmam’satae. Ilicasa monii —
MoripmeHHs: KOHTpoJo AT.

Pesynbratu obctexenHs: 02.09.25 kpeatuHiH 158
MKMOJTb/JI, Ce90BMHA 12,7 MMOJIB/JI, ceuoBa KMCI0Ta 353
MKMOJIb/11. IIK® 27 ml/min/1.73 m2 3a CKD-EPI.

02.09.25 Y3/1: o3Haku audy3HUX 3MiH TapeHXiMU
000X HUPOK, susp (TaparieabBikajibHa KicTa JIiBO1 HUP-
ku 7). CeuoBuii Mixyp (BiicyHe HAITOBHEHHSI).

03.09.25 IToBropHe Y3/1: ExX003HaKM BEAMKOTO
00’eMHOTO YTBOPEHHSI B MPOEKIIii JiBoi HUpKU. [la-
PEeHXiMaTO3Hi KiCTU PaBOi HUPKHU.

HudepeHuiitnuii aiarHo3 mpoBoauBcs Mix (1)
MyxJUHAa HUPKU 3 KPOBOBUJIMBOM, (2) CKjlaaHa KicTa
(reMopariuHa), (3) abcuec, (4) MeAMKaMEHTO3HO iHAY-
koBaHe (HII33) I'TTH, gk cynyTHiil abo noaaTKoBUiA
MEXaHi3M.

IMonepenniii aiarno3: I'TIH I cT. He3’sicoBaHOTrO
rene3y. XXH G3, Al. AprepiantHa rinepteHsis 3, ¢t 3,
pu3uk 4. O6’eMHe YTBOPEHHS J1iBOi HUPKH.

TMauieHTi OY10 peKOMEHI0BAHO:

e JIiKyBaHHS B yMOBAaXx CTallioHapYy,
e yHukatu 3actocyBaHHs HII33, HedpoTokcuuHUX

JIiKapChbKUX 3aC00iB,

e KOHTpPOJIb BoJieMii Ta AT,
e Jlo3yBaHHS JIiKapCbKUX 3aCO0iB 3riJHO aKTyalb-

Hoi LIIK®,

e BinmiHa puBapokcabany
e KT cedoBoi cucTeMU 3 KOHTPACTyBaHHSIM.

KoHTposib 1abopaTOpHUX MOKAa3HUKIB KpOBi Ta
ceyi:

05.09.25 kpeatwHiH 132 MKMOJb/]I, CEYOBHMHA
16,73 MMoOJIb/11, ceuoBa KKcJI0Ta 482 MKMOJIb/J1, Kajii
4,99 MMmouth/I1, HATPI 139 MMOJTB/T1.

3aranbHuiil aHani3 cedi: pH 5,5 6iynok: ciigu, neit-
kouutu 3-5 B /3 eputpouuty HeamiHi 10-15 B 11/3,
KPUCTAJIU CEYOBOI KUCJIOTHU B MTOMipHiil KiIbKOCTI.

3arayibHUIi aHaJTi3 KPOBi: TeMorIo0iH 87 r/1; epu-
tpouuty 3,21 x 10'2/71 (4aCTKOBO TiMOXPOMHI); JIEHKO-
uuti 12,17 x 10°/1; tpoMGoumTu 357 x 10%/11.

06.09.25 HUucratuu-C 1,88 mr/m; LIKD 35,2 M/
xB/1.73 Mm% 3a CKD-EPI Cystatin C.

06.09.25 KT: IlpaBa HuUpKa po3TalllOBaHa 3BU-
yaifHo. B mapeHximi ii BU3HAYaOThCS MOOJMHOKI KicC-
™, Max g0 23 MM. YaikoBo-MHUCKOBa cucTeMa Ipa-
BO1 HUPKU, IPaBUI CEUOBi[ HE PO3IIUPEHi HA BCbOMY
MpOTA3i, KOHKPEMEHTIB y HUX HE BUSIBIEeHO. [logaTko-
BUX CYJIWH MPaBO1 HUPKU, Ne(DEKTIiB iX KOHTPACTyBaH-
Hs He BUsIBIeHO. EXckpeTopHa DyHKIlisg MpaBoOi HUPKU
He mniopyieHa. [lepi- Ta napapeHaibHas XKUPOBa KJIiT-
KOBMHA CIpaBa He 3MiHeHa, TUCTKM ¢aclii 'epoTta He
TMOTOBILEHI.

JliBa HUpKa po3TalioBaHa 3BUYAHO. Y BEPXHBO-
My ii IOJII0Ci, CyOKAaICyJbHO BUBHAYAETHCSI YTBOPEHHS
TEeTEPOreHHOIIIITBHOCTI (MICTUTh XUPOBY TKAaHUHY,
€JIEMEHTHU J1i30BaHOi KpOBi Ta (PiOpPO3HI MEPEeTUHKU),
po3mipamu = 72 x 79 x 94 mm. IlapenxiMa HUpKH
CTHUCHYTa, nedopMOBaHa 3a PaXyHOK HassBHOCTiI CyO-
KarmcyJbHOTO CKYMUYEHHS YaCTKOBO JIi30BaHOI KPOBI,
YMOBHUM 00’eMoM = 69 x 89 x 143 mM. YaikoBo-Muc-
KOBa CUCTEMa JIiBOi HUPKMU, JIiIBUI CEYOBiJ HE PO3IIU-
pPEeHi Ha BCbOMY MPOTA3i, KOHKPEMEHTIB Yy HUX HE BU-
siBJIeHO. J10IaTKOBUX CYIWH JIiBOi HUPKU, NeDEKTIB iX
KOHTPACTYBaHHS He BUsIBIeHO. EKckpeTopHa dhyHKILis
JIiBO1 HUPKU CIIOBiJIbHEHA.

CeyoBuil MiXyp aleKBaTHO PO3TITHYTUI OJHOPII -
HUM PiIMHHUM BMIiCTOM, CTiHKM HOTro He IMOTOBILEHI,
KOHKPEMEHTIB B HbOMY He BUsIBeHO. O3HaKu cyOKamn-
CYJISIPHOI reMaTOMM J1iBO1 HUPKU, BipOTifiHillle BHACTi-
JIOK PO3PUBY aHTiOJilOMU BEPXHBOTO MOJIOCY HUPKU.
AnHeHOMa JiiBoro HanHupHuka. Kicty mpaBoi HUpKU
(Bosniak I) (puc. 1).

Puc. 1. KT-o3Haku cyOkarncyasipHoi reMaTomu JiiBoi HUpKku (peHOoMeH Page kidney). A — akcianbHuit 3pi3; B — kopoHanbHa
peKOHCTpPYKis. BizyanizyeTbcs cyOKancysspHa remMaToma, 1o CIIpUYMHSIE KOMITIpecito Ta Aedopmalliro mapeHXiMu HUPKU.
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Koncynbrauist yponora: PekMoeHI0BaHO orepa-
TUBHE BTPYYaHHS

16.09.25 IloBTOopHa KOHCYJbTallisi Hedposora.
Hiarno3: I'TTH I, acouiiioBaHe 3 MaCMBHOIO CcyOKar-
CYJISIDHOIO TeMaTOMOIO JIiBOi HUPKU 3 KOMIIPECIi€lo
napenxiMu (peHomen Page kidney), limoBipHO BHa-
cllifok po3puBy aHriomiojinomu. XXH G3, Al. Apte-
piasnibHa rinepteHutisa 3, cr 3, pusuk 4. Kictu nmpasoi
Hupku (Bosniak I). IToctremopariuna aHemist cepen-
HBOTO CTYNEHIO BAXKOCTi.

IManieHTKa BigMOBWJIACH BiJ OMEPATUBHOTO BTPY-
YaHHS Ta 00pajla KOHCEpPBAaTUBHY TaKTUKY. Yepe3 Tpu
Micslli CrOoCTepexkeHHS 00’€M TreMaTOMU 3MEHUIWB-
cs1 6inbiie Hix Ha 50%, ILIK® 36epiracTbcst HA piBHI
35 mu/xB/1.73 M2, niypes BinHoBuBCH, piBeHb AT 36e-
piraetbes Ha piBHi 150/90 Ha doHi mpuitoMy amyionu-
IiH 5 MT, eHaJlarpui 5 Mr/1I.

Oorosopenns. CyuvacHi myGuikaiii Haivacrimie
onucywTh (peHomeH Page kidney micis TpaBmu abo
iHBa3MBHUX BTpPYYaHb, 30KpeMa OiomNcCii HUPKU YU
YPOJOTiYHUX MpOLEeayp, TOMdi SIK CITOHTaHHi cyOKamn-
CYJISIpHiI TeMaTOMU Ha TJIi aHTUKOATYJSIHTHOI Tepartii
3ycrpivaroTecs pigme [1, 3, 7]. Oxpemi KiiHiuHi MOBi-
JIOMJIEHHSI 1eMOHCTpPYI0Th po3Butok I'TIH y pasi cy0-
KarcyJSIpHOi TeMaTOMU y MAlli€HTIB, SKi OTPUMYIOTh
puBapokcabaH, a TAKOX MOXJIMBICTb KOHCEPBATUBHO-
O BEJEHHS aHTUKOATYJISIHT-aCOLiOBAaHUX TeMaTOM
3a BiICYTHOCTI aKTMBHOI KPOBOTEYi Ta TeMOIUHAMIY-
Hoi HecTabinbHOCTi [8, 9]. HewonasHo ony61ikoBaHO
JlaHi MpO YCIillIHE KOHCEpBAaTUBHE JikyBaHHs Page
kidney micisi TpaBMaTU4HOI CyOKAMCYJISIPHOI TeMaTo-
MM 3 KOHTPOJIEM apTepiaibHOrO TUCKY LLISIXOM 0J10-
kagu PAAC i nuHamiunum cnioctepexenHsm [10]. ¥
BUIIa[IKaX, MOB’SI3aHUX i3 PO3PUBOM AHTiOMiONiMOMHU,
KOMIIpecCisl TMapeHXiMu MoxXe MaHidecTtyBaTu mnepe-
BaXXKHO BTOPUHHOIO TiMEpTEH3i€0 K MPOBIAHUM MPO-
saBoM Page kidney [11].

Y nopiBHSHHI 3 0My0JIiKOBAaHUMU JAHUMMU, TIPE-
CTaBJICHUIA HAMU BUIIAJIOK € MOKA30BUM Yepe3 MOEI-
HaHHS MOXWIOTO BiKy, TPUOMY MPSIMOTO OPAJIbHOTO
AHTUKOAryJIsIHTa, HIMOBIPHOTO PO3PUBY aHTiOMiOJIiMO-
MU Ta (OopMyBaHHS MAaCUBHOI CyOKAIlCyJsIpDHOI reMa-
TOMM 3 BUPaXXEHO0 KoMIpeciero napeHxiMu. KitiHiuHa
KapTWHA NPOSIBUJIACH HE JIMIIE MOTipIIeHHSIM KOHTP-
OJII0 apTepiaIbHOTO TUCKY, aJle I aHypi€lo Ta pO3BU-
TKoM ['TTH Ha ¢doHi Bxe icHyrouoi XXH, 3 mogansmmm
BimHOBJIEHHSIM Jiype3y Ta ctabinmizanieio plIIK®D 3a
KOHCEPBATUBHOI TAKTUKM.

IIpeacraBneHuii BUMAJOK iTIOCTPYE KIACUYHUNA
natodizionoriuHuit MexaHizm ¢peHomeHy Page kidney,
Mpu SIKOMY 30BHIllIHS KOMIIPECis HUPKOBOI MapeH-
XiMHA CyOKaTCyJSIpHOIO TeMaTOMOIO MPU3BOAUTH A0
3HUXXEHHS BHYTPIllIHBOHUPKOBOI Mepdy3ii Ta akTUBa-
uii PAAC [3, 7, 12]. luemist 10KCTaraoMepyJIsipHOIO
anapaTty CTUMYJIOE CEKpPELil0 PeHiHy, 10 3YMOBIIOE
Ba30KOHCTPUKILiIO, 3aTPUMKY HATpilO Ta BOAU i pO3BU-
TOK BTOPUHHOI PEHiH-OMOCEePEeIKOBAHOI apTepiaabHOT
rineprensii [3, 12]. OnHoyacHO MeXaHiYHa KOMIIpeCist
MapeHXiMU 3MeHIIY€e e(heKTUBHY TUIONLY KJIyOOUKOBOL

dinpTpauii, mo moxe kiaiHiuHO mpossasgtucs ['TTH,
0co0JIMBO y NalieHTiB i3 BuximHoo XXH [10].

Y naHoi nauieHTKU MOENHYBAIUCH KiJibKa hakTo-
piB PU3UKY PO3BUTKY MAaCHUBHOI HUPKOBOI KPOBOTEYi:
MOXWJIMM BiK, 3HUXeHA (PYHKIIiSI HUPOK, TpUBaJia aH-
TUKOAryJSIHTHA Teparlis Ta TpaBMa B aHaMHe3i. Bizya-
Jli3alliss XMPOBOr0 KOMIIOHEHTA ¥ BEPXHbOMY MOJIIOCH
JIiBO1 HUPKHU O3BOJIWIA TIPUITYCTUTU PO3PUB aHTIOMi-
OJIiMOMM, BiOMOI MPUYMHU CIIOHTAaHHUX CyOKarcy-
nsipHux remaToM [11]. AHriomMioNlinmoMu BETMKUX PO3-
MipiB MarOTh MiABUIIEHUN PU3UK KPOBOBUJIUBY YEPE3
HasIBHICTh MATOJIOTiYHO 3MiHEHUX CYJAWH i3 HEAOCTAT-
HbBO PO3BMHEHOIO M’s130B0I0 criHKoio [13]. JlomaTko-
BU1 MOXJIMBU BIUTUB HECTEPOITHUX MPOTU3ATTAIBHUAX
3ac00iB Mil MOCUJIUTU MOPYLIEHHSI HUPKOBOI nepdy3il
Ta TeMOCTaTUYHOro O6anaHcy.

BaxnuBuMm nmaToreHeTUYHUM KOMIIOHEHTOM Oysia
HasiBHicTh XXH. 3umxenHs [IIK® cynpoBomKy€eTh-
cs 3MiHOKO (papMaKOKiHETUKU Ta (papMaKOIMHAMIKU
JIKApChKUX 3ac00iB, a TaKOX PO3BUTKOM YPEMiuyHOI
TPOMOOLIMTOIATII, 1110 MiABUIYE PU3UK KpoBoTed [14].
VY mauienrtiB i3 XXH aHTUKOAaryisiHTHa Ta aHTUarpe-
raHTHa Teparisi oTpedye 0co0JIMBOI 00ePEKHOCTI, iH-
JNMBinyaai3oBaHOro BUOOPY Mpenapary, KOpekilii 103u
BinmosinHo go pLIIK® Tta perynsipHoro neperisiay mo-
KazaHb 110 ii mpomoBxkeHHs [15]. INepcoHanizoBaHuit
nindip i mo3yBaHHS JiKapChbKUX 3aCO0iB 3 ypaxyBaHHSIM
MiABUILIEHOTO FTEMOPAriYHOTO pU3UKY Ta HEOOXiTHOCTI
PEryJsspHOTO MEAUKAMEHTO3HOTO ayUTYy € KJIIIOUOBUM
MPUHUIUIIOM (HapMaKOJOTiYHOTO BEAEHHS TMAalli€HTIB
3 XXH, ocobauBo noxunoro Biky [15—17]. V npen-
CTaBJIEHOMY BUMAAKY MOEAHAHHS MTOXWIOTO BiKY, 3HU-
XeHOi (DYHKIIii HUPOK i TPUBAJIOI aHTUKOATYJISTHTHOT
Tepamnii MOTJI0 CTBOPUTU TMEPEIYMOBU IJISI PO3BUTKY
KJIiHIYHO 3HavyI1ll0i HUPKOBOI1 KPOBOTEYi.

Taxktuka BeneHHs Page kidney 3anuiaetbes iH-
IUBinyani3oBaHOl0. 3a HasIBHOCTI T'eMOJMHAMi4HOI
HeCTabiIbHOCTI ab0 O3HAaK TPUBAKOUYOi KPOBOTEUi MO-
Ka3aHi iHBa3UBHi METOIM: CEJIEKTMBHA eMOoJti3allis
yu xipypriuHa gekomrpecis [7, 10]. BogHouac y cTa-
OiTbHUX MAlLliEHTIB MOXJIMBE KOHCEPBATUBHE BENECHHS
3 pPeTeJIbHUM MOHITOPUHTOM (PYHKIII HUPOK i apTe-
piaJIbHOTO TUCKY. Y HalllOMy BUMAAKY, HE3BaxKamouu
Ha 3HAYHUU 00’€M reMaToMM Ta IOYATKOBY aHypilo,
BiICYTHiCTh O3HaK aKTMBHOI KPOBOTEYi 103BOJIMIA 00-
paTh KOHCEPBATUBHY TaKTUKY MiCJs BiIMiHU aHTUKO-
aryisinta. Iloganplile 3MEHIIIEHHS 00’eMy reMaTomMu
Oinbi Hix Ha 50%, BigHOBIEHHS Aiype3y Ta cTabintiza-
wist IHK® cBimuaThk Mpo MoTeHIiiiHY 3BOPOTHICTh Ha-
BiTh MACHBHOTO KOMIPECIHOTO Ypaxk€HHS 3a yMOBU
CBOEYACHOI JIarHOCTUKU Ta aleKBaTHOTO KJIiIHIYHOTO
CIOCTEPEXKEHHS.

BucHoBku. TakuM 4YMHOM, TpeACTaBIEHUN BU-
nagoK TiAKPECTI0OE BaXJIMBICTb BMCOKOI KJIiHiUHOL
HACTOPOXEHOCTi 1oao koMmmpeciitHux npuuuH ['TIH
Ta BTOPUHHOI rinepTeH3ii y mnaiieHTiB 3 XXH, sxki
OTPUMYIOTh AHTHMKOATYJSIHTHY Tepamito. CBoevyacHa
Bidyanizauis, iHOAMBiAyani30BaHUMN MiOXim 10 MeauKa-
MEHTO3HOTO BEIEHHS Ta DPETYJSpHUI Meperyisia J0-
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LITBHOCTI aHTUKOATYJIS1i] € KJIIOUOBUMU YNHHUKAMU
30epexeHHs (MYyHKIlii HUPOK Yy TaKUX Malli€HTIB.

KonduikT inTepeciB. ABTOpU 3asIBIISIOTH PO Bil-
CYTHICThb KOHQJIIKTY IHTEPECiB IIOA0 MiATOTOBKU Ta
nyoOikalii JaHo1 CTaTTi.

®@inancyBaHHda. JoCIiIXeHHS HE OTPUMYBAIO
30BHIIIHBOTO (hiHAHCYBaHHSI.

Ernyne cxBajeHnsi. PoGota BUKOHaHa BiaMmoBia-
HO A0 NMpuHUUMIB ['eNbCiHChKOI AeKiapallii. 3Baxaro-
Yy Ha hopMaT KITIHIYHOTO BUITAJIKY, OKPEME CXBAJICH-
H$1 JIOKAJTbHOTO €ETUYHOTO KOMITETY HE BUMArajaoch.
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Abstract. Recurrent urinary tract infections (rUTI) are common among women and are
influenced by anatomical, immunological, and physiological factors, particularly during
pregnancy. Pro-inflammatory cytokines such as interleukin-1f (IL-1p) and interleukin-17A
(IL-17A) play important roles in host immune defense; however, their behavior in pregnant
women with rUTI remains insufficiently explored.

Methods. A total of 90 women, including 60 patients with rUTI and 30 healthy controls were
included in this cross-sectional study. Participants were stratified by pregnancy and rUTI statuses.
Serum levels of IL- 1B and IL-17A were measured using ELISA. Genetic polymorphisms IL1B
rs1143633 and IL17A rs2275913 were identified by PCR amplification followed by sequencing.

Results. Serum concentrations of IL-1§ and IL-17A were significantly higher in women with
RUTIs compared with controls regardless of pregnancy status (p < 0.001). Pregnant women
with rUTI had lower levels of IL- 1B than non-pregnant patients (p = 0.025). IL-17A levels
did not significantly differ between pregnancy groups. Multivariate analysis showed that rUTI
was independently associated with increased cytokine levels after adjustment for age, BMI, and
comorbidities. Sequencing identified polymorphisms ILIB rs1143633 and IL17A rs2275913;
however, there was no clear association between these variants and cytokine concentrations or
disease status.

Conclusions. rUTI is associated with elevated serum IL-1f and IL-17A levels in women,

regardless of their pregnancy status. Pregnancy appears to modulate IL- 15 responses but does
not significantly affect IL-17A expression. The investigated genetic polymorphisms showed no
strong influence on inflammatory responses in this cohort. Our findings highlight the role of
cytokine-mediated immunity in rUTI and support the need for further large-scale studies.

Key words: genetic polymorphism, interleukin- 1, interleukin-17A, pregnancy, urinary tract
infections.
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Pana Tanio Ans-Mycgil, Pama Canex Hyxaiip?, Masin Axin Yagn!, Xacan Ixacim Xamil

Konuentpanisa IL-1p Ta IL-17A B cupoBaTiii KpoBi XiHOK 3 pelUAMBYIOYO0I0
iH(eKi€I0 Ce40BUBOI CUCTEMH, CTPATU(IKOBAHA 32 BATITHICTIO: ONMCOBUIM
anaJji3 noaimopdismis IL-1p Ta IL17A

"Vuisepcurer Ti-Kap, cromaronoriyauii gpakyiasret, Kadenpa GyHraMeHTaabHuX Hayk, Ti-Kap, Ipak
2yuisepcurer Ti-Kap, ¢akynasreT npupogHUUYUX Hayk, Kadenpa 6iosorii, Ti-Kap, Ipak

Pe3tome. Peyudusyroua ingpexyis ceuosoi cucmemu (pICC) € nadzsuuaiino nowuperoi cepeo JCIHOK, Wo 3)-
MOBACHO AHAMOMIYHUMU, IMYHOAOTUHUMY Ma Qi3i0N02TMHUMU YUHHUKAMU, 0c00AUB0 nid yac eacimuocmi. [Ipozananvhi
yumokinu, 3okpema inmepaeikin-13 (IL-1B) ma inmepaeiikin-17A (IL-17A), gidieparoms axcaugy ponv 8 iMyHHOMY
3axucmi opeanizmy; 00HaK ix ounamixa y eaeimuux xcinox iz pICC 3aruuwaemocs HedoCMmamHs0o 8UE4EHOI0.

Memoou. Lle odnomomenmue docaioncenni exarouano 90 xcinok, 3 axux 60 nayienmox maru pICC, a 30 cmano-
suau epyny 300p0602o kKonmponio. Yuacnuys cmpamugbixysanu 3a naseuicmio eéaeimnocmi ma pICC. Pieni IL-13 ma
IL-17A y cuposamuyi kpogi susnauasu memooom IDA. lenemuuni nonimopizmu ILIB rs1143633 ma IL17A rs2275913
idenmugbixysanu 3a donomoeoro I1IJIP 3 nodarvuium cekeeHysanHsM.

Pesyromamu. Cuposamkogi konyenmpauyii IL-18 ma IL-17A 6yau docmogipno euwumu y scinok 3 pICC no-
PDIBHSIHO 3 KOHMPOABLHOI 2PYNoio, He3anedcHo 8id cmamycy eaeimuocmi (p < 0,001). Y eacimuux xcinox 3 pICC pigens
1L- 1B 6ys nuxcuum, Hixc y nesazimnux nayieumok (p = 0,025). Pieni IL- 174 cymmego ne 8idpizHsaucs mijxc epynamu
sacimuux i Hegacimuux. bacamogaxmopruii ananiz noxazas, wio pICC He3anexncHo acouitneanracs 3 nideuuleHHAM pieHie
YUMOKIHI6 nicas KopeKuyii 3a 8ikom, iHOeKcom macu mina ma cynymuimu 3axeopioeannamu. CeKeeHy8anHs UI8UN0 NO-
aimopghizmu ILIB rs1143633 ma IL17A rs2275913; o0nak uimkoi acouiayii mixc yumu eapianmamu ma KOHUeHmMpauis-
mu yumoxinie abo pICC He 6cmaHo8aeHO.

Bucnoexu. pICC acouiroromacs 3 niosuuwenumu piguamu [L- 18 ma IL-17Ay cuposamuyi kpogi JciHOK He3aAedHCHO
8i0 6acimnocmi. Bacimuicmo, iMogipHo, modyatoe 8ionosios IL- 13, ane cymmeeso ne énausae na excnpecito IL-17A. Jlo-
caioxceHi eenemuri NOAiMop@izmu He NPOOeMOHCMPY8ANU 3HAYHO020 BNAUBY HA 3aNAAbHi peakuii é yiil koeopmi. Ompu-
Mati pezynvmamu nIOKpecaioms poas YUmMoKiH-onocepedkoganoeo imynimemy y nayienmok 3 pICC ma obrpynmosy-
oMb HeobXiOHicmb nOJarbuux MACUMAaOHUux 00CAi04CceHs.

KniouoBi cioBa: eenemuunuii nosimopghiam, inmepaeiikin- 13, inmepaetixin-17A, eacimuicmo, ingexyii cenosoi
cucmemu.

Introduction. Women often experience urinary
tract infections (UTIs) at various ages. Due to the anat-
omy of the female lower urinary system and its closeness
to the reproductive organs, women are more susceptible
to UTIs than men [1]. UTIs affect approximately 60%
of women, and about 30%—40% experience recurrent
episodes [2]. Female urethras are shorter, which short-
ens the distance for bacterial entry into the bladder. In
addition, conditions such as vulvar vestibulitis and vagi-
nitis increase the vulnerability of the vulvar vestibule to
infection. Sexual activity and excessive use of personal
hygiene products can damage the normal vaginal flora
[3].

Cytokines are the major mediators of immune re-
sponses. They control the activation of B and T lym-

Rasha Salih Nuhair
dr.rasha-bio@sci.utq.edu.iq

phocytes, natural killer cells, monocytes, and granulo-
cytes, and participate in pathways that regulate inflam-
matory processes [4]. Inflammation is involved in the
onset and progression of many urological diseases [5].

Interleukin-17A  (IL-17A) and interleukin-1p
(IL-1B) are two important pro-inflammatory cytokines
that play roles in host defense and tissue inflammation
[6, 7]. IL-17A stimulates the activation of immune cells
and enhances the secretion of pro-inflammatory me-
diators. IL-1p is crucial in mediating the innate im-
mune response in UTI, particularly concerning stimuli
from uropathogenic Escherichia coli [8, 9].

Pregnancy is a unique physiological condition
characterized by hormonal changes, immune system
modulation, and an increased tendency for UTI [10].
These factors may influence inflammatory cytokine
production during infection and affect the host’s im-
mune defense. However, few studies have examined the
influence of pregnancy on IL-1p and IL-17A expression
in recurrent UTI (rUTTI). Several studies have indicated
that variations in cytokine genes, such as IL-1, inter-
leukin-1 receptor antagonist (IL-1RN), and tumor ne-
crosis factor (TNF)-alpha, are associated with inflam-
matory diseases, cancer, and glomerulonephritis [9, 11,

18 OpUriHOABHI HOYKOBI POBOTU

YKPAIHCbKMIN XYPHOA HEPROAOTTT Ta Aiaaizy N21 (89) 2026



Ukrainian Journal of Nephrology and Dialysis, 1 (89)’2026

Original Papers

12]. The genes that encode the IL-1 family of proteins
include IL-1a, IL-1p, IL-1 receptor types I and II, and
IL-1RN. These genes are co-located on the 2q region
of human chromosome 2 and exhibit polymorphism,
meaning they can exist in several forms due to genetic
diversity. Additionally, they are closely positioned on
the chromosome [12]. Various genetic variations have
been documented for IL-1f. Single-nucleotide poly-
morphisms (SNPs) may influence gene regulation and
cytokine expression rather than altering protein struc-
ture. The /L 1B gene has undergone extensive investiga-
tion in relation to malignancies, inflammatory condi-
tions, and infectious disorders [11, 13, 14]. However,
limited information is available regarding the relation-
ship between /L 1B and IL17A polymorphisms and cir-
culating cytokine levels in pregnant women with rUT]I.

Therefore, this study aimed to conduct pregnan-
cy-stratified immunogenetic profiling of IL-1B and
IL-17A by evaluating serum cytokine levels in relation
to ILIB rs1143633 and IL17A 12275913 polymor-
phisms in women with rUTI.

Materials and methods. Study design and partici-
pants. This cross-sectional study was carried out be-
tween February and April of 2024 at Al-Habobi Teach-
ing Hospital in Thi-Qar Province, Iraq. Ninety women
were recruited in the study, thirty of whom were healthy
controls and sixty of whom had been diagnosed with
rUTI. All participants provided written informed con-
sent, and the study protocol was approved by the lo-
cal ethics committee (Approval No. 3/11/903, June 2,
2022), in accordance with the principles of the Declara-
tion of Helsinki.

rUTI was defined as the presence of three or
more infection episodes within one year, confirmed by
clinical symptoms and positive urine culture findings.
Women without a history of UTI, no recent use of an-
tibiotics within four weeks prior to enrollment, and no
known inflammatory or chronic conditions made up
the control group.

Participants were categorized based on pregnancy
status at the time of sampling. Demographic and clini-
cal information was collected for all women, including
age, body mass index (BMI), place of residence, mari-
tal status, pregnancy status, and the presence of chronic
diseases.

Blood sample collection and processing. Blood sam-
ples from rUTTI patients were collected before initiation
of antibiotic therapy. Five milliliters of venous blood
were taken from each participant under aseptic condi-
tions. Two milliliters were added to plain gel tubes for
clotting at room temperature, which took about thirty
minutes. Samples were centrifuged to separate serum
that was kept at —20°C until it could be analyzed for
cytokines.

The remaining three milliliters of blood were col-
lected in EDTA tubes and immediately stored at —20°C
for molecular analysis.

Determination of IL-18 and IL-17A. Serum con-
centrations of IL-1B and IL-17A were determined
using enzyme-linked immunosorbent assay (ELISA)
kits from a commercial source (Elabscience, China)
according to the instructions provided by the manu-
facturer.

The detection range for IL-1p was 0.63—40 pg/
mL with a sensitivity of 0.39 pg/mL; for IL-17A, it was
0.78—50 pg/mL with a sensitivity approximately equal
to 0.49 pg/mL.

All serum samples and reagents were allowed to
come to room temperature before use. Standards and
samples (100 pL) were added to the wells and incubated
for 90 minutes at 37°C. After removal of liquid, 100 pL
biotin-conjugated antibody was added and incubated
for an hour at 37°C, followed by washing steps then
finally adding HRP-avidin solution (100 pL), which
would also be incubated for another half an hour un-
der the same conditions. The last wash was done; TMB
substrate (90 uL) was added and kept in the dark for re-
action development between 15 and 30 minutes. It was
stopped with a stop solution of fifty microliters, then
read absorbance at four hundred fifty nanometers using
a microplate reader, Biotic USA. All samples were run
in duplicate.

Extraction of DNA. DNA was extracted from
whole blood using the phenol—chloroform extraction
method with a volume of 2 mL. Briefly, blood samples
were mixed with red blood cell lysis buffer and centri-
fuged to remove erythrocytes; the pellet obtained was
lysed using nuclear lysis buffer, sodium dodecyl sulfate
(SDS), proteinase K, and phenol.

Centrifugation followed by transfer of the aqueous
phase into another tube mixed with chloroform—iso-
amyl alcohol (24:1). The precipitation process involves
sodium acetate plus cold isopropanol wash in seventy
percent ethanol, air drying before dissolving it in DN-
ase/RNase-free water.

DNA concentration and purity were assessed using
a spectrophotometer (NanoDrop, Thermo Fisher Sci-
entific), and samples with A260/A280 ratios between
1.8 and 2.0 were selected for PCR amplification.

PCR amplification of ILIB and IL174. PCR am-
plification was performed in a total volume of 25 uL,
which contained 50—100 ng genomic DNA, 1x PCR
buffer, 1.5 mM MgCl,, 0.2 mM dNTPs, 0.5 uM of each
primer, 1.25 U Taq DNA polymerase (Thermo Fisher
Scientific, USA), and nuclease-free water. Primer se-
quences used for /L I1Band /L 174 amplification are pre-
sented in Table 1. Primer sequences used for /L 1B and
IL 174 amplification are presented in Table 1.
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Table 1
Primers used for PCR amplification
Gene Primer sequences (5" — 3 Product size Reference
v [ e m

Thermal cycling conditions included initial dena-
turation at 94°C for 30 seconds followed by 35 cycles of
denaturation at 94°C for 30 seconds, annealing at 57°C
for IL-1pB and 61°C for IL-17A for 40 seconds and ex-
tension at 68°C for one minute with a final extension at
this temperature for five minutes.

Gel electrophoresis _and sequencing. The PCR
products were separated on a gel consisting of an aga-
rose solution at a concentration equal to that of the
ethidium bromide-stained ladder (100 bp DNA lad-
der) under UV light.

Amplicons of expected size were purified using a
PCR purification kit and subjected to Sanger sequenc-
ing in both forward and reverse directions (Bioneer,
Korea). Sequence chromatograms were analyzed using
Chromas software and aligned with reference sequences
using NCBI BLAST. /L1B sequences were compared
with GenBank accession NG_008851.1, and /L 174 se-
quences with accession LC780105.1. SNPs were identi-
fied by comparison with the dbSNP database, confirm-
ing IL1B1s1143633 and /L17A1s2275913 variants.

Genetic analysis. Genotype frequencies were cal-
culated and summarized descriptively. Because of the
small sample size, genetic association analyses are
treated as exploratory; hence, no definite risk estimates
were derived.

Statistical analysis. Statistical analysis was per-
formed using SPSS version 26. Continuous variables

were presented as mean * standard deviation (SD),
while categorical variables were expressed as numbers
and percentages. Baseline characteristics were com-
pared between groups using the independent sample
t-test for continuous variables and the chi-square test
or Fisher’s exact test for categorical variables, as appro-
priate.

Serum levels of IL-1B and IL-17A showed non-
normal distribution and were therefore analyzed using
non-parametric tests. Comparisons between two groups
were performed using the Mann—Whitney U test, while
comparisons among more than two groups were con-
ducted using the Kruskal—Wallis test.

Multivariable linear regression analysis using log-
transformed cytokine values was applied to assess the
independent association between rUTI and cytokine
levels after adjustment for age, BMI, and comorbidi-
ties. A p-value less than 0.05 was considered statistically
significant.

Results. Characteristics of the study cohort. Among
90 women included in the study, there were 52 (57.8%)
pregnant women and 38 (42.2%) non-pregnant wom-
en. Of the pregnant participants, 43 (82.7%) had rUTI
and 9 (17.3%) served as healthy controls. Among non-
pregnant women, 17 (44.7%) had rUTIs and 21 (55.3%)
were controls. There was no significant difference in
age between rUTI patients and controls within either
pregnancy group (Table 2).

Table 2
Baseline characteristics of participants according to pregnancy status and rUTI diagnosis
Variable Pregnant women Non-pregnant women
(n=52) (n=38)
rUTI (n=43) | Control (n=9) | p-value rUTI (n=17) | Control (n=21) | p-value

Age, years 327 +76 31637 0.581 316+37 538 +6.6 0.235
Overweight, n (%) 35 (814%) 3(33.3%) 0.009 14 (82.3%) 12 (571%) ons
Rural residency, n (%) 32 (744%) 3(33.3%) 0.017 1 (64.7%) 6 (28.6%) 0.028
Married marital status, n (%) 37 (86.0%) 5 (55.5%) 0.036 13 (76.5%) 17 (80.9%) 0.7
Gestational age, weeks 264 + 61 248+53 042 - - -
Comorbidities, n (%) 9 (20.9%) 1(111%) 0.501 4 (23.5%) 1(4.7%) 0.091

As shown in Table 2, in pregnant women, over-
weight was significantly more common in those with
rUTI compared with controls. A similar trend was ob-
served in non-pregnant women, although the differ-

ence did not reach statistical significance. Rural resi-
dence was also more frequent among rUTI patients
than controls in both pregnant women and non-preg-
nant women.

20 OpUriHOABHI HOYKOBI POBOTU

YKPAIHCbKMIN XYPHOA HEPROAOTTT Ta Aiaaizy N21 (89) 2026



Ukrainian Journal of Nephrology and Dialysis, 1 (89)’2026

Original Papers

Among pregnant women, a higher proportion of
rUTI patients were married compared with controls.
In non-pregnant women, marital status did not dif-
fer significantly between rUTI patients and controls.
Comorbid conditions were slightly more common
in rUTI patients than in controls in both pregnancy
groups. However, these differences were not statisti-
cally significant.

Serum IL-1p and IL-17A levels. Serum IL-1f con-
centrations were significantly higher in women with
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rUTI compared with controls in both pregnant and
non-pregnant groups (Fig. 1A; p < 0.0001). Among
rUTI patients, pregnant women showed slightly lower
IL-1p levels than non-pregnant women (p = 0.025).

Similarly, serum IL-17A levels were markedly
elevated in rUTI patients compared with controls re-
gardless of pregnancy status (Fig. 1B; p < 0.0001). No
significant difference in IL-17A concentrations was
observed between pregnant and non-pregnant women
with rUTI (p =0.971).
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Fig. 1. Serum IL-1f and IL-17A concentrations in the studied cohort.

In multivariate linear regression using log-trans-
formed cytokine values, rUTI remained significantly
associated with higher IL-1f levels, after adjusting for
age, BMI, and comorbidities (p < 0.001). The same
pattern was observed for IL-17A. Log-transformed
IL-17A levels were significantly higher in women with
rUTI compared with controls after adjustment (p <
0.001), while age, BMI, and comorbidities showed no
significant association.

Molecular detection and sequencing of ILIB and
IL174. PCR amplification of /LIB and ILI17A genes
produced fragments of 245 bp and 344 bp, respectively,
that was confirmed by agarose gel electrophoresis. All
samples generated clear, distinct bands, while the nega-
tive controls did not show any amplification.

Sequencing analysis of the PCR products dem-
onstrated approximately 99% similarity with reference
sequences in GenBank, confirming the identity of the
amplified regions. /L 1B sequences aligned with the ref-
erence sequence NG_008851.1, and IL17A4 sequences
aligned with LC780105.1.

SNP was identified in each gene. In the /L /1B gene,
a G>A substitution at position 114 of the amplified
fragment was detected and corresponded to rs1143633.
Only homozygous genotypes (GG and AA) were ob-
served, while the heterozygous genotype was not de-
tected in the studied samples.

In the IL17A4 gene, an A>G substitution was iden-
tified within the 344 bp amplicon and corresponded to

1s2275913. The heterozygous (AG) and minor homozy-
gous (GG) genotypes were detected, whereas the major
homozygous genotype (AA) was not observed.

The dbSNP database confirmed that these variants
had been detected and verified their genomic positions:
one in the intronic region of /LB and another in the
promoter region of IL17A. Due to the limited sample
size, genetic findings were considered exploratory and
require validation in larger cohorts.

Discussion. The present study aimed to charac-
terize systemic inflammatory responses in women with
rUTI by evaluating serum IL-1f and IL-17A levels.
A key novel aspect of this work is the stratification by
pregnancy status, which allowed assessment of how
physiological changes during pregnancy influence im-
mune responses to infection.

The main finding is that both IL-1p and IL-17A
were significantly elevated in women with rUTI com-
pared with healthy controls. We also found significantly
lower levels of IL-1p in pregnant women with rUTI
compared with non-pregnant patients. IL-17A levels
remained similarly elevated in both groups. In multi-
variate regression analysis, rUTI was independently as-
sociated with increased IL-1f and IL-17A levels after
controlling for age, BMI, and comorbidities. We be-
lieve that rUTI itself is a major driver of cytokine eleva-
tion; pregnancy and other host factors determine what
specific inflammatory responses occur rather than the
general activation of the immune system.

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Aiaaidy N21 (89) 2026

OpUriHOABHI HOYKOBI POBOTU 21



Original Papers

Ukrainian Journal of Nephrology and Dialysis, 1 (89)’2026

Elevated levels of IL-17A in patients with tUTI
are an important mediator in mucosal defense through
neutrophil recruitment during rUTI [15-17]. The fact
that both pregnant and non-pregnant women have sim-
ilar responses of IL-17A indicates that this pathway is
not altered during pregnancy, which means antibacte-
rial defenses will continue to operate effectively.

On the other hand, lower levels of IL-1f in preg-
nant women with rUTI compared to non-pregnant pa-
tients is a finding that makes biological sense since preg-
nancy involves immune modulation to avoid excessive
inflammation that would damage a growing fetus [10].
It has been shown that pregnancy promotes immune
tolerance through suppression of pro-inflammatory cy-
tokine responses, including reduced stimulated IL-13
production, which protects maternal-fetal interfaces
but may predispose to recurrent infections by attenuat-
ing early innate inflammatory defenses [18]. While this
immune modulation may be protective for maternal-
fetal health, it could predispose one to recurrent infec-
tions by not allowing early inflammatory responses.

Several demographic and clinical factors were as-
sociated with higher rUTI prevalence in this study.
Increased BMI was more frequent among infected
women, particularly in pregnant participants. Obesity is
known to induce chronic low-grade inflammation and
impair immune regulation, potentially reducing bacte-
rial clearance [19-22]. Rural residency was also more
common among rUTI patients, which may reflect envi-
ronmental factors, hygiene conditions, and limited ac-
cess to healthcare.

Pregnancy itself was strongly associated with rUTI
occurrence, in agreement with previous reports high-
lighting the role of hormonal changes, urinary stasis,
and anatomical modifications during gestation in pro-
moting infection risk [23].

Chronic diseases were also more frequent among
rUTI patients, as studies have shown that metabolic
disorders compromise host immune defenses and fa-
cilitate bacterial persistence [24-27].

Molecular sequencing revealed rs1143633 in the
IL 1B gene and 152275913 in the /L 174 gene; both were
previously reported in other populations [28-31]. Due
to limited sample size and descriptive genetic analysis,
clear associations with rUTI or cytokine levels could
not be established. This study’s inflammatory patterns
seem mainly influenced by infection-related processes
and physiological status rather than these specific ge-
netic variants, thereby supporting a concept about rUTI

References:

based on complex immune and environmental interac-
tions.

Several limitations should be considered when in-
terpreting the present findings. First, the sample size
was relatively small, especially in stratified subgroups,
which has limited the power for detection of genetic as-
sociations and may also have an effect on the strength/
stability of multivariable models. Second, the genetic
analysis in this study was preliminary and limited to the
identification of selected polymorphisms, without ex-
tensive genotyping or functional analysis. In addition,
cytokine concentrations were assessed at a single sam-
pling point, which does not allow evaluation of how in-
flammatory responses change over the course of infec-
tion or following therapy. Finally, data on the bacterial
species and their antibiotic resistance were not includ-
ed, although such factors may influence the cytokine
levels. Future studies with larger cohorts, longitudinal
sampling, and combined microbiological and genetic
analyses are needed to clarify the dynamic immune re-
sponses in pregnant women with rUTTI.

Conclusions. The present study demonstrates that
rUTI was associated with increased levels of serum IL-
1B and IL-17A independently of pregnancy status, age,
BMI, and comorbidities. Although pregnancy is shown
to be associated with a higher rate of recurrent infection,
cytokine levels were mainly influenced by the presence
of rUTI. IL-1pB levels were lower in pregnant women
with rUTI compared with non-pregnant patients.

No clear link was found between the identified
SNPs and either cytokine levels or disease status, sug-
gesting that inflammatory responses were mainly driven
by clinical and physiological factors rather than by these
genetic variations.

Overall, these findings emphasize the importance
of inflammatory immune responses in the development
of rUTI, particularly among high-risk groups such as
pregnant women.
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Abstract. Early identification of kidney allograft complications is essential for preserving
graftfunction. Serum creatinineisroutinely usedforpost-transplant complications monitoring
but has a lack of specificity in the early period. Imaging methods such as ultrasound (US)
and renal scintigraphy (RS) provide complementary structural and functional information.
The study aimed to assess temporal changes in scintigraphy perfusion index (PI), function
index (FI), and glomerular filtration rate (GFR) in early kidney allograft complications
and to compare these findings with ultrasonographic parameters.

Methods. This single-center observational study included 65 kidney transplant recipients
examined within the first 7 days post-transplantation. Thirty-two patients with stable graft
function served as controls, while 33 patients developed early allograft complications.
All patients underwent dynamic 9°"Te-DTPA renal scintigraphy with calculation of the
PI, FI and GFR on postoperative days 1, 3, and 7, as well as Doppler ultrasonography.
Quantitative data were compared using nonparametric tests; p<0.05 was considered
statistically significant.

Results. Early complications included acute rejection (31%), ureteral stenosis (22%),
urinary fistula (16%), infectious complications (12%), renal artery thrombosis (11%) and
renal vein thrombosis (8%). In acute rejection, PI decreased from 0.76 on day 3 to 0.55
on day 7 (p<0.0001), accompanied by reductions in FI (from 0.78 to 0.50, p<0.0001)
and GFR from 39.5 to 25.3 mL/min/1.73 m? (p<0.0001). Vascular thromboses showed
the most pronounced decreases in all scintigraphy indices (p<0.0001). Ureteral stenosis
demonstrated a progressive decline in PI, FI, and GFR between days 3 and 7 (p<0.0001),
whereas urinary fistula and infectious complications showed no significant scintigraphic
changes (p>0.05). Doppler-derived resistive index elevation was predominantly detected
on day 7, later than scintigraphic abnormalities.

Conclusions. These results support the role of RS as an adjunct imaging modality for early
post-transplant assessment and show early allograft complications much more effectively
than ultrasound. Further prospective studies are needed to validate quantitative thresholds
and diagnostic accuracy.

Keywords: kidney transplantation, renal scintigraphy, acute rejection, ureteral stenosis,
vascular thrombosis, perfusion index, function index, early post-transplant complications.
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JepxaBHe HeKOMeplIiiiHe minnmpueMcTBo «HalrionanbpHa nuTtsada crniemiandizoBana ikapHsgd «OXMATINUT»
MO3 Vkpainn», Knis, Ykpaina

HMY imeni O.0. boromonsus, Kuis, Ykpaina

Pesiome. Panne susenenns yckaaonenb mpanchAAGHMAmMa HUPKU € KA4o8uM 045 30epescens ioeo gynryii. Cu-
POBAMKOBULL KPeamuHiH WUPOKO 8UKOPUCMOBYEMbCSL 0151 MOHIMOPUH2Y RICASIMPAHCNAGHMAYIUHUX YCKAAOHEHb, 0OHAK Y
PAHHbOMY Nepiodi iH Xapakmepuzyemucs HU3bKo cneyugiunicmio. Memoou eizyanizauii, 30Kkpema yabmpaszgyKose 00-
caioxncenns (Y3) ma cyunmuepadghis nupox (CH), Hadaroms 83a€M000N08HIOBANBHY [HGOPMAYII0 W000 CIMPYKMYDHUX
i gynxuyionanvrux 3min mpancniaumama. Memoio docaioxncerHs 6ya0 OUiHUMU YACO8Y OUHAMIKY CUUHMUPADIUHO20
indexcy nepghysii (PI), indexcy ¢pynxuii (FI) ma weudkocmi kaybouxosoi ginempauii (ILIKD) npu panrix yckraoHeHHIX
MPAHCRAGHMAMA HUPKU MA NOPIBHSAMU Ui NOKA3HUKU 3 YAbIMPA38YKOSUMU NAPAMEMPAMU.

Memodu. Ilposedeno odnoyenmpose obcepsauiiine 00CAIONCEHHS, SKe 8KAUaro 65 peyunicumie mpaHcniam-
Mo8aroi HUpKuU, obcmediceHux ynpodosxuc nepuiux 7 0i6 nicas mpancnaanmayii. 32 nayienmu 3i cmabinbHo0 QYHKUIEN
MPAHCRAGHMAMA CIMAHOBUAU KOHMPOAbHY epyny, modi sik y 33 nauienmis po3euUHyAuCs panHi yCKAAOHeHHs MPAHCNAGH-
mama. Yeim nayienmam uKonyeéanu Ounamiuny cuyunmuepapiro Hupox 3 mTe-DTPA 3 pospaxyuxom PI, FI ma HITK®
Ha 1-wy, 3-mio ma 7-my nicasonepauitini 0obu, a maxoxc 0oniepiscvke yavmpaseykose 0ocaioxncenns. Kinvkicui oani
NOPIBHIBANU 3 BUKOPUCMAHHAM Henapamempu4Hux cmamucCmu4Hux mecmie,; pigeHo Cmamucmu4Hoi 3Ha4yuocmi eu-
sHauanu sk p<0,05.

Pesyavmamu. Jlo paunix yckaaduens narexncaru eocmpe giomopenents (31%), cmernos cenoeody (22%), ceuosa
Hopuus (16%), ingexuiiini ycxaaouenns (12%), mpombos Hupkosoi apmepii (11%) ma mpom603 Hupkoeoi eenu (8%).
IIpu eocmpomy eiomopenenni PI 3nuxncysaecs 3 0,76 na 3-mio doby do 0,55 na 7-my doby (p<0.0001), wo cynpoeodicy-
sanocs smernwennam FI (3 0.78 0o 0.50, p<0.0001) ma ITK® 3 39.5 0o 25.3 ma/xe/1,73 M2 (p<0.0001). Cydunni mpom-
003U Xapaxkmepuzye8anucs HaubiNbu GUPANCCHUM HUNCCHHAM YCiX cuunmuepapiunux indexcie (p<0.0001). IIpu cmenosi
ceu0600y gidsnauanru nocmynoge 3nuxcenrs PI, FI ma IITK® mixnc 3-mero i 7-moro dobamu (p<0.0001), moodi sk npu
ce4osiil Hopuyi ma IHOeKUiliHUX YCKAQOHEHHSIX 3HAYYWUX 3MiH CUUHMUSPApIUHUX NOKA3HUKIe He suseaero (p>0.05).
ITidsuwenns pezucmuenoeo inoexcy 3a danumu donaepoepagii nepesaxcro peccmpysanu Ha 7-my 000y, nizHiuie, HixC
cyunmuepaghiuni nopyuleHHs.

Bucnoexu. Ompumani pezyromamu niomeepoxcyioms douinvricms euxopucmarnus CH sk cneyughiunoeo memody
gizyanizayii 043 panHboi NiCAIMPAHCNAAHMAYIIHOT OYIHKU Mma céiduamb npo ii suuLy egheKkmugHicms y paHHbOMY GUS6-
JNeHHI YCKAAOHeHb NOPIGHAHO 3 YAbmpazeykosum docaioxcenuam. Tlodarvui npocnekmueni 00caiodceHHs HeoOXiOHI 0
8anioauii KiAbKICHUX NOP0208UX 3HAUEHb [ 0IaeHOCMUYMHOI MOYHOCII MemOoay.

KnwouoBi ciioBa: mpancnianmauis nupku, cyunmuepagis HUpoK, eocmpe 6i0MOpPeHEHHSA, CIMEHO3 Ce10800Y, CY-
OunHuil mpombo3, indexc nep@ysii, indexc QyHKYiT, panHi NICAIMPAHCRAGHMAUIIHI YCKAQOHEHHS.

Introduction. A kidney transplant remains the
treatment of choice for patients with chronic kidney

tions remain a major cause of graft dysfunction and loss.
Among these, acute rejection (AR) occurs in approxi-

disease (CKD) that has progressed to end-stage renal
disease (ESRD). At this stage, the kidneys lose their
functions, i.e. ability to eliminate metabolic waste,
toxins, and excess fluids from the blood, making trans-
plantation the most effective method to restore renal
function and improve long-term survival [1]. Despite
continuous advances in surgical techniques and immu-
nosuppressive therapy, early post-transplant complica-
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mately 10—15% of recipients and represents a critical
event that can significantly affect both short- and long-
term graft survival [2].

Traditionally, serum creatinine (sCr) is the most
commonly used marker for monitoring graft function
worldwide. However, sCr is a late and nonspecific in-
dicator. It often increases only after substantial neph-
ron loss. In the early post-transplant period, sCr eleva-
tion may result from various causes, such as rejection,
ischemia-reperfusion injury, obstruction, or vascular
thrombosis. Therefore, serum creatinine is an unre-
liable marker for differential diagnosis [3, 4]. A renal
biopsy is typically performed to confirm or exclude
rejection. However, this method is very harmful and
complicated [5].
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Ultrasound (US) is routinely used as the first-line
imaging technique in both the early and late post-trans-
plant periods. US is non-invasive, widely available, and
free from ionizing radiation. Conventional B-mode ul-
trasound enables assessment of graft morphology, pa-
renchymal echogenicity, and the detection of structural
abnormalities. Doppler ultrasound further provides re-
al-time information about intrarenal and graft vascular
flow [6]. However, ultrasound findings are sometimes
non-specific and may depend on operator experience,
which limits its diagnostic precision in differentiating
the cause of the transplant rejection.

Renal scintigraphy (RS) serves as a complemen-
tary nuclear medicine technique that provides quan-
titative and functional assessment of renal perfusion,
parenchymal uptake, and urinary excretion. It enables
dynamic evaluation of graft physiology in a single, non-
invasive study.

In international clinical practice, dynamic RS
is widely used for functional assessment of kidney al-
lografts, providing quantitative parameters such as the
perfusion index (PI), function index (FI), and glomeru-
lar filtration rate (GFR). PI reflects early graft hemody-
namics and vascular integrity, FI represents parenchy-
mal tracer uptake and functional capacity, and GFR
offers an early estimate of graft filtration. The most
commonly used radiopharmaceuticals include ™Tc-
diethylenetriaminepentaacetic acid (°®*™Tc-DTPA),
99mTc-mercaptoacetyltriglycine (¥mTc-MAG3), and
99mTc-ethylenedicysteine (*MTc-EC) [7,8]. Alterna-
tive approaches for evaluating graft dysfunction include
Doppler ultrasonography, contrast-enhanced ultra-
sound, magnetic resonance imaging and biopsies. How-
ever, ultrasound parameters such as the resistive index
often demonstrate delayed or non-specific changes; ad-
vanced imaging modalities may be limited by availabil-
ity or contraindications [7]. At the same time, biopsy
remains invasive and unsuitable for frequent monitor-
ing [2, 4]. This study addresses this gap by systemati-
cally evaluating scintigraphy indexes in the early post-
transplant period and comparing their diagnostic per-
formance with Doppler ultrasound across a spectrum of
acute kidney allograft complications.

Materials and methods. Study design. This was an
exploratory, single-center observational study includ-
ing all consecutive eligible kidney transplant recipients.
Therefore, no sample size calculation was performed.
The final cohort comprised 65 patients. Post hoc analy-
sis indicates that this sample size was sufficient to detect
statistically significant differences in key scintigraphy
parameters between groups. The study protocol was
approved by the local institutional ethics committee
(Protocol Ne14 from 07.04.2025) and conducted in ac-
cordance with the Declaration of Helsinki. All patients
signed written informed consent.

Patient selection. A total of 65 renal scintigraphy
studies from 65 patients were done. Each patient un-
derwent a 9°mTc-DTPA renal scintigraphy between the
Ist day and 7th day after kidney transplantation. At

the study institution, routine renal scintigraphy was
performed within the first 24 hours post-transplant as
a baseline assessment. Follow-up studies were repeat-
ed whenever graft dysfunction or complications were
suspected. Ultrasound examinations were also per-
formed when clinically indicated. Other diagnostic as-
sessments, such as serum creatinine measurement and
complete blood count (CBC), were conducted for all
patients.

Patients were consecutively included if they under-
went both 9mTc-DTPA renal scintigraphy and renal ul-
trasound at comparable time points after kidney trans-
plantation. Patients were excluded in cases of primary
graft non-function, delayed graft function requiring
dialysis at the time of imaging, hemodynamic instabil-
ity (vasopressor support), major perioperative compli-
cations requiring additional surgery, severe systemic
infection or sepsis, or incomplete imaging or laboratory
data. These criteria were applied to reduce confound-
ing effects on graft perfusion and function. Renal scin-
tigraphy and ultrasound were performed on the same
day or within a 24-hour interval in all included cases,
minimizing temporal bias in the comparison of imaging
findings.

Renal scintigraphy studies. Each patient received an
intravenous injection of 100 MBq (2,7 mCi) to 250 MBq
(6,8 mCi) of mTc-DTPA. Sequential images were ac-
quired in three phases. The first phase (perfusion) con-
sisted of 30 frames with a duration of 2 seconds each.
The second phase (function) included 58 frames with
a duration of 30seconds each. The third delayed phase,
starting at 80 minutes after tracer injection, was ac-
quired over 180 seconds with a total of 600,000 counts.
During the early post-transplant period, no additional
hydration was administered to avoid disturbing fluid
balance. In later stages, when permitted by the referring
physician, 500—600 mL of water was provided orally 30
minutes before imaging. Images were obtained using
a gamma camera with a Low Energy High Resolution
(LEHR) collimator. The flow and functional phases
were evaluated visually, and time-activity curves were
generated from regions of interest (ROI) drawn over the
graft and the aorta, with background correction applied.

Imaging interpretation. The flow phase was as-
sessed qualitatively, using the aorta or iliac arteries as
reference points. Normal renal perfusion was defined
as peak kidney activity occurring within 6 seconds of
the aortic or iliac peak and reaching equal or higher in-
tensity. Reductions in perfusion were classified as mild,
moderate, or severe, based on visual assessment.

The functional phase was evaluated both qualita-
tively and quantitatively, focusing on:

e accumulation phase (tracer uptake within the first

3 minutes reflecting extraction from blood);

e concentration phase (tubular concentration
capacity and water reabsorption);

e and excretion phase (tracer clearance from the
collecting system into the bladder).

Based on combined flow and functional findings,
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each study was categorized as one of the following:
acute rejection (AR), infectious complications (IC),
renal vein thrombosis (RVT), urinary fistula (UF),
ureteral stenosis (US), or renal artery thrombosis

(RAT). Scintigraphy Diagnostic Criteria of the Early
Kidney Allograft Complications were following (Ta-
ble 1) [7, 9, 10].

Table 1

Scintigraphy diagnostic criteria of the early kidney allograft complications

Typical Scintigraphy

Excretion Phase Pattern

Acute Rejection (AR} | perfusion compared
to the aorta or

previous examination

renogram curve

Complication Perfusion Phase Functional Phase
Moderately to
severely decreased Reduced tracer uptake;

flattened or delayed

Poor or delayed excretion
into the collecting system
and bladder

“Poor flow, poor function”;
worsening compared with
baseline study

Normal or mildly
decreased; possibly
focal perfusion
defects

Infectious

Complications (IC) cortical uptake

Patchy or heterogeneous

Focal or patchy cortical
defects with near-normal
perfusion; corresponds to
infection sites

Usually normal or mildly
delayed

Renal Vein Thrombosis
(RVT)

Absent or severely
reduced perfusion

No cortical tracer retention

“No function despite initial

No excretion blush®

Urinary Fistula (UF) Normal perfusion

function

Normal parenchymal

Normal excretion from
the kidney; tracer leakage
outside the collecting
system

‘Normal function with
tracer leakage"

Ureteral Stenosis (US] | Normal perfusion

cortical uptake

Normal or mildly delayed

Progressive tracer
retention in the
pelvicalyceal system;
delayed drainage to the
bladder

“Good function, poor
drainage”

Renal Artery

Thrombaosis (RAT) Absent perfusion

No cortical tracer uptake

‘Complete vascular

No excretion 3 .
occlusion and graft loss

Statistical analysis. The data were processed using
Statistica v. 10.0 (originally developed by StatSoft Inc.,
USA) and GraphPad Prism 10.5.0 for Windows (San
Diego, CA, USA). The quantitative data were expressed
as median and interquartile range, and qualitative pa-
rameters — as absolute and relative (%) frequency.
The quantitative data were compared by the use of the
Mann-Whitney U test (for two unrelated samples), or
the Kruskal-Wallis test with the following Dunn's test
for post hoc comparisons (for three unrelated samples).
The frequency of binary parameters was compared by
the use of Fisher's exact test (for two unrelated sam-
ples), or Fisher's exact test with Bonferroni correction
(for three unrelated samples). A p-value <0,05 was con-
sidered statistically significant (considering the Bonfer-
roni correction).

Results. Clinical characteristics of patients. A total
of 65 patients were included in the study, comprising
32 individuals in the control group (with stable graft
function) and 33 patients with allograft complications.
There were no significant differences in age or gender

distribution between the groups. The median age was
44 (36-51) years in the control group and 45 (35.25-48)
years in the complication group (p>0.05). The male-to-
female ratio was comparable (14/18 vs. 14/19, respec-
tively; p>0.05). Body mass index (BMI) did not differ
significantly between the groups — 26.6 (24.35-28.75)
vs. 25.9 (23.83-28.8); p>0.05.

Regarding hematological parameters, white blood
cell (WBC) count and erythrocyte sedimentation rate
(ESR) showed no significant differences of WBC val-
ues — 7.6 (6.2-11.2) vs. 7.95 (7.08-11.63) x10%/L; ESR:
22 (20-25) vs. 24 (22-26) mm/h; p>0.05.

However, the platelet (PLT) count was significant-
ly higher in the allograft complication group compared
with controls — 264.5 (198.5-303) vs. 209 (167-292)
x10%/L; p<0.05). Moreover, serum creatinine levels
were markedly elevated in patients with allograft com-
plications - 94.65 (78.23-115.1) vs. 76.7 (59.45-86.55)
mmol/L; p<0.01), reflecting impaired graft function.
The baseline demographic and laboratory characteris-
tics of the two groups are summarized in Table 2.
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Table 2
Baseline demographic and laboratory characteristics of the cohort
Parameter Control group (n=32) Allograft complications (n=33) P value
Age 44 (36-51) 45 (35.25-48) p>0.05
Gender, man/woman 14/18 14/19 p>0.05
BMI 26.6 (24.35-28.75) 259 (23.83-28.8) p>0.05
WBC count, 10%/L 76 (6.2-11.2) 795 (7.08-11.63) p>0.05
PLT count, 108/L 209 (167-292) 264.5 (198.5-303) p=0.032
ESR, mm/h 22 (20-25) 24 (22-26) p>0.05
S-Cr, fmol/L 76.7 (5945-86.55) 94.65 (78.23-1151) p=0.004

Abbreviations: BMI — body mass index; WBC — white blood cell count; PLT — platelet count; ESR — erythrocyte

sedimentation rate; S-Cr — serum creatinine.

Data are presented as median and interquartile range.

In summary, while demographic and most he-
matological parameters were comparable between the
groups, a significant increase in platelet count and se-
rum creatinine was observed among patients with al-
lograft complications, suggesting the presence of in-
flammatory activation and reduced renal function in
this cohort.

Scintigraphy evaluation of the short-term complica-
tions of the kidney allograft. Analysis of the post-trans-
plant complications. Analysis of post-transplant compli-
cations revealed that acute rejection was the most fre-
quent event, occurring in 31% of patients among those
with complications. Ureteral stenosis was observed in
22%, and urinary fistula in 16% of cases. Infectious
complications were detected in 12% of recipients. Vas-
cular complications were less common, with renal ar-
tery thrombosis and renal vein thrombosis occurring in
11% and 8%, respectively. Overall, immunologic and
urological complications predominated, while vascular
thromboses were though less frequent (Fig. 1).

0000000000 I Acute rejection
8888888888 B Ureteral stenosis

B3 Urinary fistula

0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000

Bl [nfectious complications
3 Renal artery thrombosis

Il Renal vein thrombosis

Total=100 %

Fig. 1. Distribution of the post-transplant acute complications
among examined patients. The figure illustrates the relative
frequency (%) of acute complications identified during
the early post-transplant period among patients with graft
dysfunction.

A total of six major types of kidney allograft com-
plications were identified, each characterized by dis-
tinct clinical features. Renal vein thrombosis presented
with acute anuria and pain in the transplant area. Acute
rejection manifested as a gradual increase in serum cre-
atinine and decreased urine output (oliguria). These
findings indicate progressive graft dysfunction due to
immune-mediated injury. Infectious complications -
all cases were associated with urinary tract infection
(UTI), representing the typical infectious process af-
fecting renal allografts. Urinary fistula is characterized
by decreased diuresis and fluid collection near the graft
site, consistent with urine leakage from the anastomo-
sis or collecting system. Ureteral stenosis demonstrated
pyeocaliectasia. Renal artery thrombosis presented
with sudden loss of graft function or gradual increase in
serum creatinine and hypertension.

Scintigraphy characteristics of the short-term
complications of the kidney allograft. The perfusion in-
dex (PI) represents the ratio between the early vascular
activity of the graft and the total perfusion activity mea-
sured in a reference region (commonly the iliac vessels
or soft tissue background). It is automatically calculat-
ed from time-activity curves obtained during the first
60 seconds after tracer injection. PI was analyzed and
compared at the following time points after the trans-
plantation: day 1, day 3, and day 7.

The Function Index (FI) represents the percentage
of tracer uptake by the transplanted kidney relative to
the total administered dose or to background-corrected
reference activity. It provides a quantitative measure of
the functional capacity of the allograft. FI was analyzed
and compared at the following time points after the
transplantation: day 1, day 3, and day 7.

On Day 1, measurements of the PI and FI were
obtained in 65 cases to assess vascular and microcir-
culatory dynamics. The PI was 1.00 (0.92-1.08), and
the FI was 0.98 (0.91-1.13) (Fig. 2 A). The glomerular
filtration rate (GFR) was evaluated in 65 observations.
The GFR level was 55.5 (49.55-61.9) mL/min/1.73 m
(Fig. 2 B).
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Figure 2. RS parameters of the kidneys’ functional capacity in patients after kidney transplantation.
(A) — PI and Fl indexes. (B) — GFR.

RS indices were analyzed at day 3 and day 7 in pa-
tients suspected of various early post-transplant com-
plications. Here we present our findings. For acute re-
jection, the PI significantly decreased from 0.76 (0.67-
0.78) at day 3 after the transplantation to 0.55 (0.47-
0.56) (p<0.0001) at day 7. In patients with ureteral
stenosis, values declined from 0.99 (0.96-1.02) at day 3
t0 0.67 (0.62-0.72) (p<0.0001) at day 7.

Among those with urinary fistula, the PI did not
show any differences between day 3 and day 7 — 1.02
(0.99-1.03) vs. 1.01 (1.00-1.10), respectively (p>0.05).
This reflects mild hemodynamic stabilization during re-
covery and absence of further obstruction or ischemia.
For infectious complications, values remained relative-

ly stable — 1.09 (1.08-1.12) at day 3 and 1.09 (1.07-1.09)
at day 7, respectively (p>0.05), suggesting preservation
of perfusion despite systemic inflammatory stress.

In contrast, both renal artery and renal vein throm-
bosis groups exhibited the most pronounced decreases
in PI. Values dropped from 0.62 (0.55-0.65) at day 3,
secondary value 0.32 (0.30-0.38) (p<0.0001) at day 7
for arterial thrombosis and from 0.56 (0.55-0.57) at day
3 to 0.39 (0.30-0.40) (p<0.0001) at day 7 for venous
thrombosis, demonstrating severe impairment of vascu-
lar flow consistent with critical ischemic injury (Figure
2). Taken together, these data indicate that SN indexes
effectively reflect the hemodynamic consequences of
early post-transplant complications (Fig. 3).

[Day3_7|[pay3 7|[pay3_7| [Day3 7][Day3_7][Day3_7|

*kkkk ns ns ns 3k gk sk ok ok %k
1.5+
L (I (I (I U
[ ! ;.
x
) -
8 10 ’ |
=
<
=) !
5
£ ] e
< 5
i 0.5 I o
0.0 rrrrTr T TTTTT T T T T T T T T T T T T T T T
4 2 3 ;
%0(\ o"’\e X ¢o°g & &
() " o (o] (o]
& o KV > " Y
2 X XY & &
< \? 2 & &L L
& & & & & Ol
o »& ) o ) &
> Q' < & ™
S R & S
8 % &
> & &
‘@0 0"\ Q.Q
& <

Fig. 3. Dynamics of the PI estimated by RS in patients after the kidney transplantation.
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For acute rejection, the FI values were at day 3 -
0.78 (0.75-0.87), with a secondary value at day 7 of 0.50
(0.46-0.52) (p<0.0001). Ureteral stenosis demonstrated
FI at day 3 at level 0.81 (0.78-0.85) and at day 7, 0.45
(0.38-0.48) (p<0.0001).

For urinary fistula, the FI was 1.02 (0.99-1.03) at
day 3, with a secondary value of 0.96 (0.93-0.98) at day
7 (p>0.05), indicating no significant difference between
groups. Infectious complications showed FI at the level

of 1.09 (1.08-1.12) and secondary value of 1.03 (1.01-
1.05) (p>0.05) at day 7.

Vascular complications demonstrated compara-
tively lower medians. Renal artery thrombosis showed
amedian FI of 0.69 (0.68-0.70) at day 3 and 0.43 (0.38-
0.46) at day 7 (p<0.0001). Renal vein thrombosis had
FI at level 0.71 (0.68-0.75) at day 3 and secondary value
at day 7 - 0.43 (0.43-0.44) (p<0.0001) (Fig. 4).
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Fig. 4. Dynamics of the FI estimated by RS in patients after the kidney transplantation.

Besides the PI and FI, GFR values were estimated
by RS at days 3 and 7 after the kidney transplantation.
For acute rejection, the GFR value was 39.5 (27.0-
45.3) mL/min/1.73 m? at day 3 with a corresponding
secondary measure at day 7 — 25.3 (21.1-26.9) mL/
min/1.73 m? (p<0.0001). Ureteral stenosis was dem-
onstrated at day 3 GFR level of 56.8 (55.6-59.5) mL/
min/1.73 m? and a secondary measure at day 7, 48.6
(46.6-52.4) mL/min/1.73 m2 (p<0.0001).

Urinary fistula had GFR at level 50.8 (47.7-53.2)
mL/min/1.73 m? at day 3 with a secondary value of 50.3
(46.5-52.7) mL/min/1.73 m? at day 7. For the infectious
complications group, GFR was 54.5 (48.7-55.5) mL/
min/1.73 m? at day 3, and the secondary measure was
52.3 (44.8-55.0) mL/min/1.73 m?2 at day 7 (p > 0.05).

Vascular complications demonstrated lower GFR
values. Renal artery thrombosis presented GFR at level
49.3 (45.9-51.8) mL/min/1.73 m? at day 3 with a sec-
ondary measure of 39.4 (37.6-40.7) mL/min/1.73 m? at
day 7 (p<0.0001). Renal vein thrombosis had a GFR at
level 39.3 (39.0-39.7) mL/min/1.73 m? at day 3 and a
secondary measure of 32.9 (31.7-34.2) mL/min/1.73 m?
at day 7 (p<0.001) (Fig. 5).
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Fig. 5. Dynamics of the GFR estimated by RS in patients after
the kidney transplantation.

Peculiarities of the ultrasound evaluation of post-
transplant complications. In parallel with scintigraphy
studies, US examination was performed in all 65 pa-
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tients to evaluate graft morphology, vascular flow, and
the presence of early post-transplant complications.
Gray-scale and Doppler ultrasonography are used for
imaging of graft perfusion and structural integrity.

In the control group with stable graft function,
the grafts demonstrated normal morphology with
homogeneous parenchymal echogenicity, preserved
corticomedullary differentiation, and normal vascu-
lar patterns. The resistance index (RI) in these pa-
tients was 0.71 (0.68-0.75), consistent with normal
perfusion and low intrarenal vascular resistance for
the transplant. Among the 33 patients with allograft
complications, distinct sonographic findings were re-
corded at day 7 but not day 3, depending on the un-
derlying pathology.

Acute rejection presented with increased cortical
echogenicity and loss of corticomedullary differentia-
tion in 90% of cases. The kidneys were enlarged in 80%
cases, with a value RI of 0.88 (0.83-0.91) (p<0.001 vs.
controls). Doppler flow analysis revealed decreased
diastolic flow and elevated systolic-to-diastolic ra-
tio (S/D>3.0), consistent with increased vascular
resistance due to immune-mediated parenchymal
edema.

Ureteral stenosis in gray-scale imaging revealed
pelvicalyceal dilatation in all affected patients, with
preserved cortical thickness. The RI was at level 0.89
(0.77-0.82), higher than in controls (p<0.001), reflect-
ing mild post-obstructive resistance. In urinary fistula
cases, anechoic peri-graft fluid collections were detect-
ed adjacent to the lower pole or near the ureterovesi-
cal junction. The parenchymal echotexture remained
preserved, and RI values were shown within the normal
range — 0.74 (0.71-0.76).

Infectious complications developed typically due
to UTI. The kidneys demonstrated increased cortical
echogenicity and blurred corticomedullary differentia-
tion in 75% cases. The RI value was 0.77 (0.75-0.80)
(p>0.05 vs. controls).

In patients with renal artery thrombosis, color
Doppler showed absent arterial flow within the graft
and a high-resistance (RI>0.95) in the proximal seg-
ment. Kidneys appeared enlarged and hypoechoic,
consistent with acute ischemia. Renal vein thrombosis
demonstrated absent venous flow and reversal of dia-
stolic flow in the intrarenal arteries. Patients had severe
graft swelling and RI>0.95, corresponding to venous
congestion and acute graft failure (Table 3).

Table 3
Summary of RI values in examined patients at day 7 after the transplantation
Group Median RI [IQR] Significance vs. Control

Control 0.71(0.68-0.75) -
Acute rejection 0.88 (0.83-0.91) p<0.001
Ureteral stenosis 0.89 (0.77-0.82) p<0.001
Urinary fistula 0.74 (0.71-0.76) p>0.05
Infectious complications 0.77(0.75-0.80) p>0.05
Renal artery/vein thrombosis >0.95 -

Discussion. In this study, we evaluated the clinical,
laboratory, scintigraphy and ultrasonographic param-
eters in kidney transplant recipients with and without
early post-transplant complications. Our results dem-
onstrate that demographic and general hematological
characteristics did not significantly differ between the
groups (controls and groups with early graft complica-
tions). Patients with allograft complications exhibited
higher platelet counts and elevated serum creatinine
levels. These changes are direct signs of ongoing in-
flammatory activation and impaired renal function. It
was shown previously that elevated platelet counts are
associated with endothelial dysfunction and immune-
mediated injury during graft rejection and other inflam-
matory processes, reflecting their role in microvascular
disturbances and thrombogenic potential within the
transplanted organ [10].

The ultrasound evaluation, performed in parallel
with scintigraphy studies, provided additional real-time

morphological and hemodynamic data. In the control
group with stable graft function, gray-scale and Dop-
pler ultrasonography demonstrated normal graft mor-
phology with homogeneous echogenicity, preserved
corticomedullary differentiation, and normal vascular
flow patterns. The RI of 0.71 (0.68-0.75) was consistent
with normal perfusion and low intrarenal resistance.
These confirm sufficient allograft function.

Among patients with early post-transplant com-
plications, certain sonographic patterns were observed
according to the underlying pathology. Acute rejection
was characterized by increased cortical echogenicity,
loss of corticomedullary differentiation, and mild graft
enlargement in most cases. The RI shown pronounced
elevation accompanied by decreased diastolic flow and
a high systolic-to-diastolic ratio (S/D>3.0). These
changes reflect increased vascular resistance due to
immune-mediated parenchymal edema and microcir-
culatory disorders. In patients with ureteral stenosis,
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pelvicalyceal dilatation with a moderately increased RI
was found. These changes indicate post-obstructive he-
modynamic stress [11].

In contrast, the urinary fistula presented as an-
echoic peri-graft fluid collections adjacent to the ure-
terovesical junction, accompanied by normal paren-
chymal architecture and near-normal RI values. Lo-
calized leakage without perfusion compromise was de-
tected in this group. Infectious complications showed
only mild cortical echogenicity and a slight RI increase.
These findings reflect limited parenchymal involve-
ment. In vascular complications, i.e., renal artery or
vein thrombosis, Doppler findings were dramatic — ab-
sent flow signals, high RI, and marked graft swelling.
These sonographic patterns were detected at day 7 after
the transplantation was performed.

The scintigraphy evaluation provided complemen-
tary quantitative insights into the hemodynamic and
functional status of the transplanted kidneys. The key
point is that RS changes were documented at an early
stage after the transplantation (day 3). Among the spec-
trum of early post-transplant complications, acute re-
jection was the most prevalent. Next were ureteral ste-
nosis and urinary fistula. Our findings are in line with
previous studies and emphasize the predominance of
immunologic and urological complications during the
early post-transplant period. At the same time, vascular
thromboses is less common event.

Dynamic renal scintigraphy parameters - perfu-
sion index, function index and glomerular filtration rate
proved to be sensitive indicators of allograft dysfunc-
tion. In the control group, PI and FI values were close
to normal ranges. This suggests preserved perfusion and
function of the kidneys. In contrast, both acute rejec-
tion indices declined significantly between days 3 and 7.

In ureteral stenosis, both PI and FI decreased, indi-
cating that obstructive processes not only change urine
flow. However, obstruction also leads to a reduction in
renal blood flow and tracer uptake. Urinary fistula and
infectious complications were associated with relatively
stable scintigraphy and sonographic parameters, mean-
ing the predominance of localized structural or inflam-
matory processes without perfusion loss.

Vascular complications, renal artery and vein
thrombosis, showed the most dramatic alterations de-
tected with both methods. Absent or reversed flow on
Doppler US and markedly reduced PI, FI, and GFR
on scintigraphy were found. This is consistent with an
acute decrease in perfusion and severe ischemic injury.

To summarize, we observed decreases in perfu-
sion index (PI) and function index (FI) across differ-
ent categories of early post-transplant complications.
Our findings reflect distinct mechanisms of graft injury.
In acute rejection, we hypothesize the presence of im-
mune-mediated endothelial activation, interstitial ede-
ma, and microvascular inflammation, which in turn in-
crease intrarenal vascular resistance, leading to reduced
arterial inflow and impaired capillary perfusion, which
is captured cartographically as a decline in PI.

Simultaneously, inflammatory damage to tubular
and glomerular structures compromises tracer extrac-
tion and cortical uptake, resulting in a marked reduc-
tion in FI. In ureteral stenosis, the initial perfusion is
relatively preserved. However, progressive intrapelvic
pressure and post-obstructive vasoconstriction reduce
renal blood flow and parenchymal function over time,
explaining the delayed but significant decrease in both
PI and FI [7-9].

Urinary fistula and infectious complications pri-
marily represent localized extrarenal leakage or fo-
cal inflammatory processes without substantial com-
promise of global graft perfusion or tubular function,
which accounts for the relative stability of scintigra-
phy indexes in these groups [8, 9]. Vascular compli-
cations, including renal artery and vein thrombosis,
cause abrupt and severe interruption of blood flow or
venous outflow obstruction, leading to profound isch-
emia, congestion, and loss of parenchymal viability.
Therefore, PI and FI show the most pronounced and
rapid declines. Taking together our results, these pat-
terns demonstrate that changes in PI and FI are not
merely descriptive but reflect specific hemodynamic
and functional consequences of different early al-
lograft complications [10-12].

To summarize, our results confirm that scintigra-
phy indexes (PI, FI, GFR) provide a comprehensive
early assessment of graft perfusion, structure, and func-
tion. Accurate monitoring of these parameters enables
early differentiation among various types of complica-
tions in patients after kidney transplantation. Further
studies with larger cohorts and long-term follow-up are
needed to validate diagnostic algorithms and to set up
thresholds for predicting graft complications evalua-
tion.

Several limitations of this study should be men-
tioned. First, this was a single-center observational study
with a relatively modest sample size, which may limit the
generalizability of the findings. The study was exploratory
in nature, and no sample size calculation was performed.
Consequently, formal diagnostic accuracy analyses, in-
cluding ROC/AUC estimation, could not be conducted
and planned for further investigations. Finally, the study
focused on early post-transplant changes and did not
include long-term follow-up or outcome-based valida-
tion of imaging findings. Future prospective, multicenter
studies with quantitative thresholds and longitudinal fol-
low-up are warranted to confirm and extend our results.

Conclusions:

Acute rejection was the most frequent early post-
transplant complication (31%), followed by ureteral
stenosis (22%) and urinary fistula (16%). Infectious
complications and vascular thromboses were less
common.

Patients with early allograft complications exhibited
significantly higher serum creatinine and platelet
counts compared to the control group, reflecting
impaired renal function and inflammatory
activation.

1)

2)
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3)

4)

5)

Doppler and gray-scale ultrasonography effectively
detected morphological and hemodynamic
changes associated with different complications at
a later time-point (day 7) as compared to RS.
Renal Scintigraphy provided early (day 3) sensitive
quantitative assessment of graft perfusion (PI),
function (FI), and filtration (GFR) at early time
points (day 3 and 7).

Acute rejection and ureteral stenosis were
associated with significant reductions in PI, FI,
and GFR, whereas urinary fistula and infectious
complications showed stable indexes. Vascular
thromboses exhibited the most pronounced
decreases, confirming severe perfusion impairment.

References:

6) RS indices can be used as a precise method for
the early evaluation of graft dysfunction, therefore
making it possible to avoid invasive procedures
such as biopsy, which is critically important during
the early post-transplant period.
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Abstract. The kidney plays an essential role in maintaining mineral homeostasis
through regulation of calcium, phosphate, parathyroid hormone (PTH), and vitamin
D metabolism. Although mineral disturbances are well established in chronic kidney
disease, their early presentation in acute kidney injury (AKI) and their relationship to
KDIGO-defined severity remain incompletely understood. This study aimed to evaluate
early alterations in mineral metabolism within 24 hours of AKI diagnosis and to explore
potential biochemical heterogeneity using clustering analysis.

Methods. This cross-sectional study included 100 participants: 50 patients with AKI
defined according to KDIGO criteria and 50 age- and sex-matched controls without
AKI. Serum calcium, phosphorus, PTH, and 25-hydroxyvitamin D [25(OH)D] were
measured within 24 hours of AKI diagnosis. Comparisons were performed between AKI
patients and controls and across KDIGO stages. Unsupervised k-means clustering was
applied to identify distinct mineral-axis profiles within the AKI group.

Results. Compared with controls, patients with AKI had significantly lower calcium
and 25(0OH)D levels and higher phosphorus and PTH concentrations (all p < 0.0001).
These disturbances were observed across AKI stages, without a consistent stepwise trend
according to creatinine-defined severity. Clustering analysis identified two distinct
mineral-axis profiles among AKI patients. The two-cluster solution explained 23.6% of
total variability (R? = 0.236) and showed clear separation. Cluster membership was not
associated with creatinine levels, AKI stage, urea concentration, or dialysis requirement,
indicating biochemical heterogeneity independent of conventional severity classification.

Conclusions. Early AKI is accompanied by significant disturbances in mineral metabolism
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Omap Moxammen Pamaaxan, bacma A. Aas-Munxaani, Kaaypi 3enan Xanad

I'eTeporeHHicTb MiHepaIbHOIr0 OOMiHY B pAHHLOMY NEPioli rOCTPOro
NOIMKO2KCHHA HUPOK: nonepequ"l KJIaCTepHI/Iﬁ aHaJi3
Kadenpa ximii, Komemk ocsitn, YHiBepcureT Ab-Ipaxist, barman, Ipak

Pestome. Hupku gidieparomo Kai0408y poab y RIOMPUMUYL MIHEPANLHO20 20MEOCMA3Y WASXOM Pe2yAiyii 00MIHy
Kanvyiro, gocghopy, napamupeoionoeo eopmony (IITI) ma eimaminy D. Xoua nopywenns minepanvHo2o 0OMiHy dobpe
ONUCAHI y X8OPUX HA XPOHIYHILI X60POOI HUPOK, IX paHHi npossu y pazi eocmpoeo nouwkoodxcenHs Hupok (I'TTH) ma 36 ’a30x
i3 maxckicmio 3a kaacugikayicto KDIGO 3anumaromoscs Hedocmamubo sueueHumu. Memoro docaidxncents 0yn0 oyinu-
mu paHHi 3MiHU MiHepanbHO20 00MIHY npomseom nepuiux 24 eodun nicas ecmanosaenns diaernosy I'ITH ma docaidumu
MOXHCAUBY OIOXIMIUHY eemepo2eHHiCMb 3a 00NOMO20H KAACMEPHO20 AHANIZY.

Memoou. Y nonepeune docnioxncenns exarouero 100 yuacnuxie: 50 nayieumie 3 I'llH, suznauenum 32i0Ho kpume-
piie KDIGO, ma 50 oci6 konmpoavHoi epynu, 3icmaenux 3a eikom i cmammio, 6e3 o3nax I'lIH. Pieni kaavuiro, ghocghopy,
IITI ma 25-eidpokcugimaminy D [25(0OH)D] y cuposamui kpogi éusnauasu npomseom 24 eo0uH nicas 6CmaHo81eHHs
diaenosy. Ilopienauns npoeodunu mixc epynamu ma mixc cmadiamu KDIGO. Jlns eusenrenus pizHux npoginie minepanb-
Ho2o 00miny 6 epyni I'lIH 3acmocosaro Hekepogaruil KaacmepHuil aHaniz memooom k-cepeoHix.

Pezyaomamu. Ilopisnano 3 koumpoaem y nauicumie i3 I'lIH euseieno docmogipHo Hudcui pieHi Kaavyiro ma
25(OH)D i suwi konyenmpauii pocgpopy ma IITI (yci mapkepu p < 0,0001). Lli nopywenns cnocmepieaaucs Ha 8cix
cmadiax T'TIH 6e3 uimkoi 3anexcnocmi 6io piens kpeamuniny. KnacmepHuil ananiz 003604ueé eudirumu 08a pizHi npogini
ceped nauicumie i3 T'lTH. Jleoxaacmepna modeas noscurosana 23,6% 3azanvhoi eapiabeavnocmi (R?2 = 0,236) ma de-
MOHcmpyeana uimke pozmedxcysanis epyn. Hanexcnicms 0o knacmepa He 6yaa noe’a3ana 3 pigHem Kpeamuminy, cmadiero
T'TIH, koHyenmpauieto cevosuru 4u nompe6oro 8 0ianizi, wo ceiduumo npo 6IOXiMIUHY eemepoceHHiCMb, He3ANeHCHY 8i0
mpaduyiiHoi Kaacugikayii mayckocmi.

Bucnosku. Panniii nepiod I'llH cynpogodcyemocs cymmesumu nopyueHHAMU MIHEPAAbHO20 00MIHY, AKi He 8i0-
nosioaroms cmyneH msaicKkocmi 3a pienem KpeamuHiny. Yorce 6 nepuii 24 200unu nicasi BcmaHoeaeHHs 0iazHO3Y MOJICHA
eudinumu pizHi npoghini MiHepanbHo20 0OMIHY, W0 6KA3YE HA HAsB8HICMb DioXiMiuHOi eemepoeenHocmi. Heobxioni nodanb-

wi npocnekmueHi 0ocaioxiceH sl 045 GUSHAUEHHS KAIHIYHO20 Ma NPOSHOCMUYHO20 3HAYEHHS YUX PAHHIX 3MiH.
KmiouoBi cioBa: cocmpe nowkodxcenns Hupok, minepanshuii 00MiH, Kaavyii, gocgop, napameopmon, eimamin D,

KaacmepHuil anania

Introduction. Acute kidney injury (AKI) is a com-
mon clinical problem and remains a major cause of
short-term illness and death worldwide [1, 2]. In every-
day practice, AKI is diagnosed and classified primarily
by monitoring changes in serum creatinine levels and
urine output, according to the Kidney Disease: Im-
proving Global Outcomes (KDIGO) guidelines [3]. Al-
though these measures are useful for assessing changes
in kidney filtration, they do not fully reflect the broader
metabolic disturbances that can develop when kidney
function suddenly declines. The kidneys play a central
role in regulating mineral metabolism. It maintains cal-
cium and phosphorus balance, takes part in vitamin D
activation, and influences parathyroid hormone (PTH)
secretion [4, 5]. Disturbances of this tightly regulated
axis are well established in chronic kidney disease; how-
ever, less attention has been given to early mineral met-
abolic changes during the acute phase of kidney injury

Omar Mohammed Ramadhan
omar.mramadhan73@gmail.com

[6]. Although hypocalcemia and hyperphosphatemia
are recognized in AKI, the timing, pattern, and vari-
ability of associated changes in PTH and 25-hydroxyvi-
tamin D [25(OH)D] remain incompletely character-
ized [7].

An important unresolved question is whether altera-
tions in mineral metabolism parallel creatinine-based
severity staging or whether they represent independent
biochemical responses [7]. If mineral disturbances occur
early and do not show a stepwise trend across KDIGO
stages, this would suggest that creatinine alone does not
adequately reflect the metabolic dimension of AKI [6,
7]. Besides, conventional analyses usually look at miner-
al markers separately, which may miss some underlying
biochemical patterns within the AKI population.

Data-driven analytical approaches like unsuper-
vised clustering offer an opportunity to explore biologi-
cal heterogeneity beyond traditional classification sys-
tems. Distinct mineral-axis profiles, if identified, would
improve understanding of early pathophysiological re-
sponses in AKI and reveal phenotypic variability that is
not captured by standard staging criteria [8].

Therefore, the present study aimed to character-
ize early alterations in calcium, phosphorus, PTH, and
25(0OH)D within 24 hours of AKI diagnosis and to ex-
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amine their relationship to KDIGO stage. In addition,
we applied unsupervised clustering analysis to inves-
tigate whether distinct mineral-axis profiles could be
identified among patients with AKI.

Patients and methods. Study design and partici-
pants. This cross-sectional study was held at the Medi-
cal City Complex in Baghdad, Iraq, from April to Sep-
tember 2025.

Ethical Considerations. The study protocol was
reviewed and approved by the Institutional Ethics
Committee of Medical City, Baghdad, Iraq, (Ethics
Committee approval number: 5501 in Feb 2025). The
study was conducted in accordance with the principles
of the Declaration of Helsinki. Written informed con-
sent was obtained from all participants before enroll-
ment and sample collection.

A total of 100 participants, including 50 patients
diagnosed with AKI and 50 controls matched for age
and sex, were included in the study.

AKI was defined as per KDIGO: increased serum
creatinine by >0.3 mg/dL within 48 hours; increased
to >1.5 times baseline within the prior seven days; or
urine output less than 0.5 mL/kg/h for at least six hours.
Patients were categorized into KDIGO stages 1, 2, and
3 based on serum creatinine criteria at the time of di-
agnosis. All laboratory measurements in the AKI group
were obtained within twenty-four hours after diagnosis
to evaluate early biochemical alterations.

The control group consisted of individuals without
clinical or laboratory evidence of AKI with estimated
glomerular filtration rate (¢GFR) greater than 60 mL/
min/1.73 m2 CKD-EPI.

Participants were excluded if they had:

e  Previously diagnosed CKD

e  Current vitamin D supplementation

e  Known parathyroid disorders

e  Active malignancy

e Conditions known to significantly affect calcium—
phosphorus metabolism.

Sample collection and laboratory measurements. Ve-
nous blood samples were collected under aseptic con-
ditions into serum gel separator tubes. Samples were
allowed to clot at room temperature for approximately
30 minutes and were then centrifuged at 4000 rpm for
10 minutes. Serum was separated and analyzed imme-
diately.

Serum creatinine and urea were measured using
automated enzymatic colorimetric assays on chemistry
analyzer (Cobas c311 /Roche Diagnostics, Basel, Swit-
zerland).

Total serum calcium and phosphorus concentra-
tions were determined using flame atomic absorption
spectrophotometry (Cobas c111 automated analyzer /
Roche Diagnostics, Basel, Switzerland) with commer-
cially available analytical standards and reagents.

Serum 25(0OH)D was measured using the VIDAS®
system (VIDAS® 25 OH Vitamin D Total kit/ VI-
DAS® or Mini VIDAS® system (bioMérieux), Marcy-
’Etoile, France), based on enzyme-linked fluorescent

assay (ELFA) technology. The assay detects total circu-
lating 25(OH)D.

Serum PTH levels were measured using a chemi-
luminescent immunoassay (CLIA) method (Cobas e
analyzer with Elecsys® PTH kit /Roche Diagnostics,
Basel, Switzerland).

All assays were performed in accordance with
manufacturer protocols and standard laboratory quality
control procedures. Laboratory reference ranges were
as follows: calcium: 8.6—10.2 mg/dL, phosphorus: 2.5—
4.5 mg/dL, PTH: 15—65 pg/mL, 25(0OH)D sufficiency:
>30 ng/mL; insufficiency: 20—29 ng/mL; deficiency:
<20 ng/mL. Internal quality control procedures were
performed daily according to manufacturer recommen-
dations. All enrolled participants had complete labo-
ratory data for the primary study variables (calcium,
phosphorus, PTH, 25(OH)D, creatinine, and urea).
No imputation procedures were required.

Statistical analysis. Statistical analyses were con-
ducted with the SAS software version 9.4 (SAS Insti-
tute, USA). Continuous variables were tested for nor-
mal distribution by appropriate normality tests. Nor-
mally distributed variables were expressed as mean and
standard deviation (M £ SD) and compared between
two groups with the independent t-test. Skewed vari-
ables were presented as median and interquartile range
[Me (Q25-Q75)] and compared by the Mann-Whitney
U test. Stage-based differences were analyzed with the
Kruskal—Wallis test, while categorical variables were
compared using chi-square testing.

To identify potential patterns of mineral-axis vari-
ability within the AKI population, we performed unsu-
pervised k-means clustering based on serum calcium,
phosphorus, PTH, and 25(OH)D measurements. Vari-
ables were standardized (z-score transformation) prior
to clustering to allow equal weighting among them.
Therefore, the optimal number of clusters was deter-
mined based on an assessment of within-cluster vari-
ance. Principal component analysis (PCA) was used for
visualization of cluster separation as well as estimation
of proportions of total variance explained by principal
components. Clinical and biochemical characteristics
were then compared between clusters to assess their as-
sociation with creatinine level, AKI stage, and dialysis
requirement.

Results. Study population. A total of 100 partici-
pants were included, comprising 50 patients with AKI
and 50 non-AKI controls. There were no significant
differences between groups in age, sex distribution, or
prevalence of diabetes and cardiovascular disease. Hy-
pertension was more common among AKI patients.
Within the AKI cohort, patients were represented
across KDIGO stages 1 through 3, with roughly 25%
requiring dialysis support. As anticipated, indicators
of renal function were significantly higher in the AKI
group compared with controls, with both serum creati-
nine and urea levels markedly elevated (p < 0.0001).

In addition, patients with AKI exhibited pro-
nounced disturbances in mineral metabolism relative to
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the control group. Serum calcium and 25(OH)D con-
centrations were significantly lower in the AKI group,
while phosphorus and parathyroid hormone (PTH) lev-
els were significantly higher (all p < 0.0001). The ob-
served biochemical pattern was characterized by con-

comitant hypocalcemia, hyperphosphatemia, elevated
PTH, and reduced 25(OH)D Ilevels in AKI patients.
The consistency and statistical strength of these differ-
ences suggest an early disruption of mineral homeosta-
sis accompanying AKI (Table 1).

Table 1
Clinical characteristics and laboratory findings of AKI patients and non-AKI controls
Variable AK[InpStslg?ts ([:::ng]s p-value
Age (years) 526 £ 142 498137 0323
Age = 60 years (%) 28% 20% 0412
Male sex (%) 60% 48% 0184
Hypertension (%) 52% 3% 0.041
Diabetes Mellitus (%) 36% 22% 0.095
Cardiovascular Disease (%) 18% 10% 0273
Dialysis (%) 24% (12/50) - -
Stage 1: 40%
KDIGO Stage (%) Stage 2: 34% = =
Stage 3: 26%
Urea (mg/dL) 101(92.3-107.0) 28 (27-29) <0.0001
Creatinine (mg/dL) 2.85 (2.63-3.09) 1.25 (0.97-141) <0.0001
Calcium (mg/dL) 8.81(8.72-8.95) 9.60 (9.50-9.65) <0.0001
Phosphorus (mg/dL) 518 (5.04-5.27) 3.80 (3.71-3.84) <0.0001
PTH (pg/mL) 40 (37-43) 32 (31-33) <0.0001
25(0H)D (ng/mL) 20.2 (194-216) 293 (276-31.2) <0.0001

Age is presented as M = SD. Skewed continuous variables are presented as Me (Q25—Q75). Categorical variables are expressed
as percentages. Between-group comparisons were performed using independent t-test (age), Mann—Whitney U test (continuous
skewed variables), and chi-square test (categorical variables). Abbreviations: AKI, acute kidney injury; KDIGO, Kidney
Disease: Improving Global Outcomes; 25(OH)D, 25-hydroxyvitamin D; PTH, parathyroid hormone.

Mineral metabolism within 24 hours across KDI-
GO stages. To determine whether early mineral-axis
abnormalities were proportional to creatinine-based
severity, AKI patients were stratified according to
KDIGO stage. All biochemical measurements were ob-
tained within 24 hours of AKI diagnosis. Disturbances
in calcium, phosphorus, PTH, and 25(OH)D were ob-

served across all stages at this early time point. How-
ever, comparison between stages did not demonstrate
a progressive or graded increase in mineral abnormali-
ties with advancing stage. Median values of these pa-
rameters were comparable among stages, and statistical
testing did not support a consistent trend across severity
categories (Table 2).

Table 2
Mineral metabolism within 24 hours according to KDIGO stage in AKI patients
Variable Stage 1 Stage 2 Stage 3 p-value
(n=20) (n=17) (n=13)
Calcium (mg/dL) 8.84 (8.74-8.96) 875 (8.64-8.88) 8.83 (8.75-8.97) 0177
Creatinine (mg/dL) 2.84 (2.69-3.02) 2.82 (2.55-313) 2.90 (2.60-3.24) 0.899
Phosphorus (mg/dL) 5.09 (5.04-5.25) 5.22 (5.09-5.35) 5.08 (5.00-5.26) 0435
PTH (pg/mL) 115 (385-43.5) 40,0 (36.8-45.3) 39.0 (35.0-40.0) 0152
Urea (mg/dL) 101.0 (95.0-105.5) 1070 (965-113.3) 96.0 (89.0-101.0) 0.054
25(0H)D (ng/mL) 20.35 (1945-2150) 19.80 (1848-21.70) 21.00 (19.80-2145) 0728

Continuous variables are presented as median (Q25—Q75). Comparisons across stages were performed using the Kruskal—
Wallis test. Abbreviations: AKI, acute kidney injury; KDIGO, Kidney Disease: Improving Global Outcomes; 25(OH)D,

25-hydroxyvitamin D; PTH, parathyroid hormone.
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Mineral-axis heterogeneity identified by unsuper-
vised clustering. Given the absence of a clear stage-de-
pendent gradient in mineral parameters, unsupervised
k-means clustering was performed to explore poten-
tial biochemical heterogeneity within the AKI cohort.

Cluster plot
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Clustering was conducted using calcium, phosphorus,
PTH, and 25(OH)D. Two distinct mineral-axis profiles
were identified. Principal component analysis demon-
strated separation of patients into two clusters along
mineral-related dimensions (Fig. 1A).
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Fig. 1. Mineral-axis heterogeneity identified by unsupervised clustering in AKI.
Panel A: Principal component analysis scatter plot showing separation of AKI patients into two clusters based on calcium,

phosphorus, PTH, and 25(0OH)D.

Panel B: Standardized cluster profile plot illustrating opposing mineral-axis patterns between clusters.

The two-cluster solution included 29 patients in
Cluster 1 and 21 patients in Cluster 2. The total sum of
squares was 196.0, of which 46.3 represented between-
cluster variation and 149.7 represented within-cluster
variation. Thus, the two-cluster model explained 23.6%
of the total variability (R? = 0.236). The correspond-
ing pseudo-F statistic was 14.85, indicating meaningful
separation between clusters.

The first principal component explained 33.1%
of the variance and the second component explained
25.9%, together accounting for approximately 59% of
total variability. Cluster profiling revealed divergent

biochemical patterns (Fig. 1B). One cluster was char-
acterized by lower calcium and 25(OH)D levels ac-
companied by higher PTH concentrations, whereas
the second cluster demonstrated the opposite pattern.
Phosphorus contributed to cluster separation but
showed less pronounced divergence compared with
PTH and 25(OH)D.

Importantly, the clusters were not associated with
differences in age, AKI stage distribution, serum cre-
atinine, urea, or dialysis requirement (Table 3), indi-
cating that the observed biochemical profiles were not
explained by creatinine-based severity classification.

Table 3

Clinical and biochemical characteristics according to mineral-axis cluster

Variable Cluster 1 [n =29) Cluster 2 (n = 21) p-value
Age (years) 56.0 (40.5-64.8) 50.0 (43.5-54.3) 0497
Creatinine (mg/dL) 2.84(2.59-2.08) 2.86 (2.69-3M) 0.658
Urea (mg/dL) 101.0 (91.8-1075) 100.0 (95.5-104.0) 0.693
Dialysis (n, %) 6 (20.7%) 6 (28.6%) 0.523
Calcium (mg/dL) 8.75 (8.70-8.85) 8.92 (8.77-8.99) 0.001
Phosphorus (mg/dL) 522 (5.04-5.39) 511 (5.04-5.24) 0140
PTH (pg/mL) 42.0 (39.0-46.3) 370 (34.8-41.0) 0.0005
25(0H)D (ng/mL) 19.5 (18.5-201) 216 (207-224) <0.0001

Continuous variables are presented as median (Q25—Q75). Comparisons across stages were performed using the Kruskal—Wallis
test. Abbreviations: 25(OH)D, 25-hydroxyvitamin D; PTH, parathyroid hormone.
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Discussion. The present study examined early al-
terations in mineral metabolism among patients with
acute kidney injury and explored whether these changes
exhibit internal biochemical heterogeneity. Several ob-
servations merit attention.

Within the first 24 hours of diagnosis, patients with
AKI demonstrated clear disturbances in calcium—phos-
phorus homeostasis. Compared with matched controls,
serum calcium and 25(OH)D concentrations were re-
duced, whereas phosphorus and PTH levels were in-
creased. This pattern suggests that disruption of mineral
balance occurs early in the course of AKI rather than
developing only after prolonged impairment. Previous
reports have described hyperphosphatemia and hy-
pocalcemia in critically ill patients with AKI [9, 10].
However, data on the concurrent changes in PTH and
25(0OH)D within the first 24 hours are still scarce [6].
Our results demonstrate that aspects of mineral-axis
dysregulation appear early after AKI.

The lack of a graded trend across KDIGO stages
is particularly interesting. Several studies have shown
that mineral parameters did not always follow a step-
wise increase or decrease pattern [7]. This observation
suggests that creatinine-based staging may not com-
pletely reflect the metabolic dimension of AKI. Se-
rum creatinine primarily reflects filtration capacity;
mineral metabolism is affected by tubular handling,
endocrine signaling, and systemic regulatory path-
ways [11]. In other words, impairment of endocrine
and tubular functions may occur even when the rise
in creatinine is modest. Biochemical disruption may
therefore occur regardless of how much creatinine has
increased.

Another important finding from this study is the
identification of two different mineral-axis profiles
through unsupervised clustering. These profiles were
defined by different patterns in calcium, PTH, and
25(OH)D concentrations. Importantly, membership in
clusters did not differ in levels of creatinine, KDIGO
stage, urea concentration, or need for dialysis. This ob-
servation supports the growing concept that AKI is not
a uniform entity but a syndrome with biological vari-
ability. Similar clustering approaches in critical care
populations have revealed distinct inflammatory and
metabolic phenotypes despite comparable traditional
severity markers [8, 12]. Our results extend this concept
to mineral metabolism, suggesting that patients with
comparable creatinine-defined AKI may still differ in
their endocrine—metabolic response.

The early clinical significance of mineral-axis dis-
turbance remains to be clarified. Hypocalcemia and
hyperphosphatemia can affect cardiac function, neuro-
muscular stability, and inflammatory pathways [7, 13].
High PTH levels in AKI may indicate compensatory
mechanisms that try to keep calcium in balance [6].
Reduced 25(OH)D concentrations have been linked
in previous studies to immune dysfunction and poorer
outcomes in hospitalized patients [14]. Although we
did not assess mortality or recovery in this study, our

findings raise the possibility that early mineral profil-
ing could help identify subgroups of patients at different
biological risk.

Some limitations in our study need to be recog-
nized. The researchstudy was conducted at a single ter-
tiary center, with a relatively small sample size. There-
fore, the results might not completely reflect other pa-
tient populations or healthcare settings.

The cross-sectional design is another important
limitation. All measurements were obtained within 24
hours of AKI diagnosis, which allowed us to focus on
very early changes. However, this approach does not
show how mineral parameters evolve during recovery or
progression. We cannot determine whether the identi-
fied patterns are transient responses or persistent distur-
bances. Longitudinal assessment would be necessary to
clarify these dynamics.

In addition, total serum calcium was used rather
than ionized calcium and fibroblast growth factor 23
was not measured. Because vitamin D deficiency is
very common in many populations, including ours, it is
hard to say if lower 25(OH)D levels are showing recent
changes or an old deficiency.

Finally, while clustering analysis revealed distinct
biochemical profiles, the clinical implications of these
profiles remain uncertain. We did not examine as-
sociations with mortality, renal recovery, or hospital
stay, and thus, the prognostic value of the identified
mineral-axis patterns cannot be established from this
dataset.

Despite these limitations, our findings showed
that early disturbances in mineral metabolism are
consistently present in AKI and that biochemical het-
erogeneity exists beyond traditional creatinine-based
staging. Future prospective studies with longitudinal
follow-up are needed to determine if mineral-axis
phenotypes have any association with recovery, pro-
gression, or mortality and if they may have therapeutic
implications.

Conclusions. AKI is accompanied by early distur-
bances in mineral metabolism that are not proportional
to creatinine-based staging. Distinct mineral-axis pro-
files can be identified within the first 24 hours of di-
agnosis, indicating biochemical heterogeneity beyond
traditional severity classification. Larger longitudinal
studies are warranted to clarify their clinical relevance.
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Abstract. The increasing prevalence of CKD and kidney replacement therapy has
contributed to the progress of kidney transplantation worldwide. The present study
aimed to evaluate the current status and outcomes of kidney transplantation in a
national pediatric cohort and to determine the impact of selected epidemiological
factors on graft survival.

Methods. The analysis of 373 primary kidney transplantation episodes was conducted
in recipients under the age of 18. The observational study had a retrospective design
with in-depth data from 2001 and was held for statistical and scientific purposes using
depersonalized data.

Results. The cumulative 5-year graft survival in children in Ukraine was close to the
average ESPN/ERA Registry data and ranged from 8§0.1% to 87.7% depends of the
analysis period. The cohort was shown to have similar basic characteristics to the
international one based on CKD etiology (kidney structure anomalies dominance),
waiting list time (10.5-12.0 months) and the median age of intervention (12.6-12.9
years). Negative etiology and age zones have been identified: the higher graft failure
risk in the first 12 months in patients with CAKUT, polycystic kidney disease, after-
AKI-state and in youngest age (<3 years); continued high risk in the next period (from
12 months to 5 years) in polycystic kidney disease and AKI, significant increased risk
in patients with history of glomerulonephritis, and risk in adolescence (>10 years).
Conclusion. The increase in pediatric transplantation rate in Ukraine, with the
recipient’s age rejuvenation and post-mortem donation accretion, has accentuated the
challenges of patient management. The identified clinical groups at increased risk of
graft loss for different observation periods (up to 12 months and after 12 months until 5
years) require additional attention to detect the reasons for unfavorable outcomes and
to provide long-term graft function.

Key words: kidney replacement therapy, etiology of chronic kidney disease, age at
transplantation, graft survival, risk of kidney graft loss.
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IIpodins TpancnianTanii HMpKHU y aitei B YKpaini (2001-2025 pokn)

HepxaBHa ycTaHOBa «HallioHaTbHUIA HAYyKOBUI LIEHTP Xipyprii Ta TpaHcIiaHToorii iMeHi O.0. amiMoBa
HauioHanbHO1 akaneMii MeAUYHUX HayK» YKpainu», KuiB, Ykpaina

Pesiome. 3pocmanns nowupenocmi XXH i nompebu 6 3amichiil HUPKOGIli mepanii CApUsNOG po3GUMKY MpPaH-
CNAGHMayii HUpKU y 86CbOMy C8imi.

Mema pobomu: eusuumu cman i HACAIOKU MPAHCNAGHMAYI] HUDKU 8 HAUIOHAAbHII nediampuuniil Koeopmi ma
BU3HAYUMU 3HAYEHHSI OKPEeMUX enifeMionociuHuUX XapaKmepucmuk 04s GUICUBAHOCMI HUPK08020 epagma.

Memodu. IIposedeno ananiz 373 enizodie nepsunnoi mpancnaanmauii HUpKu y peyunicumia éikom do 18mu po-
Kis. Obcepsauitine docaidxcerHs oxonuno nepiod 3 2001 poky, masro pempochekmuenuii OuU3aiiH ma 6UKOHAHO 04 cma-
mucmu4HUX i HAyKo8UX yinell i3 3a1y4eHHAM denepcoripikosanux OaHux.

Pesyrbmamu. Bcmanoeneno, wo Kkymyaasmuena S-mu piuHa 6UiCU8AHICMb HUPKOB020 MPpaHcnaaumama y dimeil
6 Yxpaini eionosioae cepednim danum ESPN/ERA Registry i ckaadae 6id 80.1% 0o 87.7% 3anexncho 6id nepiody ananisy.
ba3zoei xapakmepucmuxu koeopmu, a came — emionoeis XXH 3 0omiHy8aHHAM aHOMAAIL PO36UMKY Ce4080i cucmemu,
uac 6 aucmi ouikyeanns (10.5-12.0 micayis) ma mediana 6ixy empyuanns (12.6-12.9 pokie) — makoc Habauxicanucy 0o
MidcHapoOHux. Busnaueni emionoeiuni i 6iko6i 30HU HeecamueHux HAcAIOKi6: euwull pusux empamu epagpma 6 neputi 12
Micauie y nayieHmie 3 8po0JceHUMU 8A0AMU PO3BUMKY Ce4080i cucmeMu, NOAIKICMO3HOH X80po00o HUPOK, HACAIOKaAMU
20CMP020 NOWK00XCeHHs HUPOK ma 8 Moa0o0utiil 8ikoeiil epyni (<3 pokis); 30epeicenns Hadani (nepiod 6id 12 micauie 0o 5
POKi8) 8UCOKUX pU3UKi6 0451 0CiO 3 NOAIKICMO3HOI0 X80POOOI0 HUPOK MA MUX, X0 NePeHic 20cmpe NOUK00ICeHHs HUPOK,
3Hauyue 3pOCMants @ipo2iOHocmi émpamu MpPaHCNAGHMAmMa y NayieHmie 3 210MepyIoHedpUmMom 8 aHamHe3i, pusuK
nioaimkoeoeo eiky (>10 pokis).

Bucnosku. 3pocmannus Kinbkocmi nediampuvHux mpancnianmayiil 8 YKpaini 3 oMoa00XceHHAM 8iKY peuunicH-
mie i po3uUpeHHIM NOCMEPMHO20 OOHOPCMBA NOCUNIOE BUKAUKU CYNPOBOAY nauichmie. Buznaueni Kainiuni epynu nio-
BULYEHOR0 PUBUKY empamu epagma 045 pizHux nepiodie cnocmepedcents (0o 12 micayieé i nicas, 0o 5 pokie éKAHUHO)
nompebdyroms 000amko6oi yeasu 045 8UsBAeHHSA NPUYUH HECHPUSMAUBO20 nepebicy ma 3abe3neyeHHs 00820MPUsaN020

@DYHKYIOHY8aHHS MpaHcniaHmama.

Kio4uoBi cioBa: Hupkosa 3amicna mepanis, emionoeis XpoHiuHoi Xe0poou HUPOK, 6iK MPAHCHAAHMAYIT, BUNCU-
8aHicme epagma, pusuK 6mpamu HUPK08020 MPAHCNAAHMAma.

Beryn. I'mo6anbHe 3pocTaHHS TSATapsl XpOHIUHOT
xBopoou HuUpok (XXH) i moTrpebu B 3amicHiil HUp-
koBiil Tepanii (3HT) He omuHyno Ykpainy, a ¢op-
MyBaHHSI 3aKOHOJABYOI 0a3W, IO PEryJI0E CUCTEMY
TpaHcrutaHTanii (3akoH Ykpainu Ne 2427-VIII Bin
17.05.2018 «IIpo 3acTocyBaHHS TpaHCIJIaHTAllii aHa-
TOMIYHHUX MaTepialiB JIIOAWHi», BinnoBiaHi [TocTtaHOBU
Kabinety minicTpiB Ykpainu ta Hakazu MO3 Ykpai-
HU), CIIPUSIO 301IBIIEHHIO a0COTIOTHOI Ta BiTHOCHOT
KiJIbKOCTi 0Ci0 3 HUPKOBUM TPAHCIUIAHTATOM, B TOMY
qucii B memiaTpuuHiii koropti [1, 2]. dAxicHi 3miHun
CYMPOBOJY PELUITIEHTIB, BMIPOBAJKEHHSI HOBUX KJa-
CiB IMYHOCYIPECAHTiB, YIOCKOHAJEHHS XipypriuHUX
TeXHiK OCTaHHIX pOKiB MOKpaIUI0 HAOJIMKYi Ta Biji-
TepMiHOBaHi HACIINKYU TPaHCIIAHTALIil HUPKU Y TiTei
— BUXXMBaHICTh rpadTa yepes pik 3a MOBiTOMJIEHHSIMU
pi3HUX 1eHTpiB ckiana Bix 80.2% no 98%, yepes 5 po-
KiB — Bim 66.8% 10 91.6% [3,4,5,6,7, 8].

CeiTiana @omina
sfomina@meta.ua

CucTteMHUI aHaji3 HACJiAKiB TpaHCIUIaHTallil
HUPKU B JUTSYOMY Billi B YKpaiHi He TPOBOAWIIN; A0~
CTyITHA B HAyKOBOMY IIPOCTOPi iH(popMallisl BUCBITIIOE
cepito BUMaIKiB a6o okpeMi croctepexenHs [9, 10],
10 HE JO3BOJISIE OLIIHUTHU PEAJIbHY CUTYallil0, KOHKpPe-
TU3yBaTU TTPOOJIEMHU Ta 3aTIPOBATUTHU 3aXOU IO iX BU-
PIlLLIEHHIO.

Meta po6oTH. BuBUMTH CTaH i HACTIOKM TpaH-
CrIaHTallii HUPKU B HalliOHAJIbHI MeaiaTpu4HiiA KO-
TOPTi Ta BU3HAYMUTU 3HAYEHHS OKPEMUX EITiIeMioIo-
TYHUX XapaKTepUCTUK JIsl BUKMBAHOCTI HUPKOBOTO
rpadra.

Marepiamm i MeToau. JdociimkeHHsT Maio obcep-
BallifHUIA XapakTep 3 PeTPOCHEKTUBHUM MU3AWHOM i
Oys0 6azoBaHe Ha parmeHTi Peectpy xBopux Ha XXH
y Biui go 18tu pokiB (Hamani — PeecTp), 3amouyarko-
BaHoMmy B 2010 poui Bigmisiom AUTA40i HedpOOTii
AV «Iuctutyt Hedposorii HAMH Ykpainu» (mpaBo-
HactynHuk Y «HHIXT imeni O. laniMoBa») nis
CTaTUCTUYHUX Ta HAYKOBUX IiJIEH i3 3aIy4eHHSIM Jie-
nepcoHi(iKOBaHUX JAHUX.

IIpoBeneHo aHaniz 373X eni3ofiB MNEpPBUHHOI
TpaHCIUIaHTAllil HUPKHU Y Billi 10 18T pokiB mairieH-
TaM, HapOIXeHNM B YKpaiHi B 1995 poui i mi3Himre.
TpuBanicts cnocTepexkeHHsI — MiHiMyM 12 Mics1iiB 3
MOMEHTY TpaHCIUIaHTallil a00 JOCSATHEHHS KiHIEeBO1
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TOUKM aHafi3y (mofii), 3a sIKy NMPUAHSITO 30epeKeH-
Hs yHKII1 a00 BTpaTa rpadTa (BKJIOYHO 3 exitus pe-
LIMMIiEHTA K HACiIKOM, MOB’3aHUM 3 TpaHCIJIaH-
Tauiero). Yac XipypriyHoro BTpPYyYaHHS BpaxoOBaHO
3a iHTepBajaMM, IO YMOBHO BiAMOBigalu eTamam
PO3BUTKY TpaHcIUlaHTalii B KpaiHi: 2001-2010 poku
(n=45), 2011-2020 poxu (n=196), 2021 pik i ni3Hiire
(2021-2024+; n=132). BugineHo BiKOBi MexXi Mpo-
BeleHHS BTpy4yaHHS (<3x pokiB: n=15; >3-10 poxkiB:
n=101; >10-18 pokiB: n=257) Ta KJiHiYHi Tpynu 3a-
nexHo Bin etionorii XHH (monikictodHa xBopoba
HUPOK: n=41; ramoMepyJoHe(pPUT — MEePEeBAXKHO 5K
KJiHiYHU# AiarHo3, 6e3 rictonoriyHoi Bepudikalii:
n=72; cTaH MicJs rOCTPOro MOIIKOMXEHHS HUPOK —
I'TTH: n=33; nucmniazig HupokK: n==89; BpoaXeHi Baau
po3BUTKY ceyoBoi cuctemu — BBPCC: n=125; inmui:
n=13). OkpemMo B Mexax BiKOBUX TPYyIl i HO30JOTil
PO3TJSIHYTO TPYNU MaLi€HTIB, SKi 3aJUINAIUChL TTiJ
cnoctepexeHHsIM 12 micauiB (1 pik) ta 6ibie 12tu
Mics1iB (10 5 pOKiB BKJIIOYHO).

OTpuMaHUil MaTepiaq onpalbOBaHO 3 BUKOPUC-
TaHHSIM METOAIB BapiauitHoi ctatuctuku (Excel,
SigmaPlot 12.5). KinbkicHi XapakTepUCTUKU Mpe-
cTaBjieHO SIK MefiaHa (Me) i MiKKBapTUJIbHUIA Aiana-
30H (25-75 nepueHTW1i), AIKiCHi — 3a YMCJIOM BapiaHT
(n) i vactku (%); piBeHb 3HAYUMOCTI — TOCTOBIpHUIA
npu p<0.05 (ans1 pe3ynbraTiB iHpOpMaLiiiHOTO, a He
HAyKOBOTO XapaKTepy, CTATUCTUYHY 3HAYYIIIiCThb HE
BU3Havan). 1St OLiHKYM BUXXKUBAHOCTI rpadTa B pi3Hi
YacoBi MEPiOAM 3aCTOCOBAHO JIOTapu(MidYHY PAaHTOBY
cratuctuky (Kaplan-Meier Survival Analysis: Log-
Rank Test) 3 monapHUM MHOXWHHUM TOPiBHSHHSIM
Mpy HAsIBHOCTI 3HAUYLIMX BinMiHHOCTe# (MeToq Holm-
Sidak). Po3paxyHOK BiTHOCHOTO pU3UKY BTpaTu rpadta
B Pi3HUX KJIiHIYHUX Tpynax NpoBEAEHO 3a JOMOMOTO0

2025

2024

iHCTPYMEHTIB JOKAa30BOi MEAUIIMHU — BUBHAYEHO Bijl-
HouieHHs maHciB (OR), mo B enigeMionoriyHux ao0-
CITIKEHHSIX 3 MOPiBHAHHSAM TPy 3 Pi3HOIO KiIbKiCTIO
YYACHUKIB (AU3aliH «BUMAAOK-KOHTPOJb») 3aCTOCO-
BYIOTh LTSI OLIIHKM BiTHOCHOTO PU3UKY MOl (OHJIaliH
KanbpKysiTop: https://ebm-tools.knowledgetranslation.
net/calculator/case-control/).

HonaTkoBo mpencTtaBieHo naHi PeecTpy uiomo
MalLi€HTiB BiKOM 10 15TU poKiB, BKJIIOYEHI 10 LIOpiu-
Ho moHoBmoBaHoro ESPN/ERA Registry, 3 mopiB-
HSIHHSIM OKPEMUX EeIiJeMiOJOTiYHUX XapaKTePUCTUK
ykpaincekoi koroptu (3HT 3arasiom Ta TpaHCIUTaHTa-
1ii HUPKK) i3 y3aralbHeHUMU TToKkasHukamu [11].

Jlo po3paxyHKiB 3aJydyeHO arperoBaHi JaHi,
aHaJli3 BUKOHAHO 3 JOJEpXaHHSIM HOpMm PernameH-
Ty Ne 2016/679 €Bpormeiicbkoro napjaaMeHty i Pagu
€Bporneiicbkoro coway «IIpo 3axuct hizuyHUxX 0cid
npu oOpoOILli MEPCOHANbHUX OaHUX i MPO BUILHUM
00ir Takux JaHUX, a TAKOX Mpo BiaMiHy HupekTu-
Bu 95/46/€C» (https://gdpr-info.eu), BigmosigHo 10
MixHapogHUX €TUYHUX PEKOMEHIaliil I0A0 MOCTi-
JIXKEHb, TTOB’sI3aHUX i3 3M0pOB’SIM, 3a Y4acTIO JItoaei,
KOJIX OMpallOBaHHS HEOOXiHE JJI BUKOHAHHS 3aB-
IAaHHS B CYCIIUJIBHUX iHTepecax, IS Lijieid MpeBeH-
TUBHOI MEIUILIMHU, HAJAHHS MTOCIYT y chepi OXOPOHU
310POB’sI, HAYKOBOTO YU iCTOPUYHOIO JOCIiIKEHHS
a0o0 CTaTUCTUYHUX LUTEH.

PesyabTaTi. BimoMi HaM TpaHCIUTaHTaLlil HUPKA
Mali€eHTaM YKPaiHChKOI MeaiaTpU4HOi KOTopTU (BiK
Bin 0 mo 18Tu pokiB) B pi3Hi pOKM MpPeNCcTaBIE€HO Ha
puc. 1. byjio BpaxoBaHO TpaHCIJIaHTallii rpoMaasiHaM
VYkpaiHu 9K B KpaiHi, Tak i 3a 1i Mmexamu. OKkpemo 3a-
3HAYeHi (aJle He BKJIIOYEHi Hanalli B MpeacTaBICHUN
aHaJlliz), TOBTOPHi TpaHCMJaHTallii, BAKOHaHi B 30Hi
BiIMOBiAAIbHOCTI NMeAiaTPUUHOI CTYXKOU.

2023

2022

[2]

2021

[1]

2020
2019

2018

[2

2017

2016
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2014

2013
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2011
2010
2009
2008
2007
2006
2005
2004
2003
2002
2001

15

=

O nepeHEHA

MMMHHEJHHHLS

O noeTopHa

Puc. 1. TpaHcmaHTalliss HUPKY y TTALli€EHTIB BikoM 10 18Tu pokiB B YkpaiHi 3 2001 poky: abconoTHI uudpu (naHi Peectpy).
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OcCHOBHa YacTMHA TMEPBUHHMX TpPaHCILIAHTALIIMA
Hupku B 2001-2010 pokax 6yna npoBeaeHa B YKpaiHi
(39/86.7% B ycTaHOBI, IPaBOHACTYITHUKOM SIKOi 3 2023

poky € 1Y «HHLXT», 4/8.9% - iH1i neHTpu), Bci —
Bil poauHHOrO noHopa (taoiu. 1).

Tabauys 1
ba3oBi xapakTepucTuku rpyn nanieHTiB 3 XXH, BKII0YeHHX B JOCTiKEHHS
Mepioa TpaHcnNaHTaLii HUPKK (pokm)
Xapakrepuctuka

2001-2010 2011-2020 2021-2024+
KinbkicTb naiexTis (n) 45 196 132
Bik noyatky 3HT (poku®) 12.0/8.2144 11.3/7615] 1.2/74145
Yac Bip noyatky 3HT 4o TpaHcnnanTaui (Mica*) 12.0/4.0,65 12.0/1.323.8 10.5/1.0;30.0
Bik TpaHcnnanTaii (poku®) 12.6/9.5:161 12.9/9.0:164 12.6/9.2:16.2
Bikoea rpyna™
<3X poKiB 5/111 6/31 4/30
>3-10 pokiB 8/118 55/281 38/28.8
>10 pokiB 32/11 135/68.8 90/68.2
MpuumnHa XXH™
nonikicTo3Ha X8opoBa HUPOK 3/67 25/12.8 13/9.8
rnoMepynoHedput 13/288 33/16.8 26/19.7
BBPCC 14/312 60/30.6 51/387
Hacnigku IMH 3/67 17/817 13/9.8
[MCNNasia HUPOK 11/244 52/26.5 26/197
[HLLi 1/2.2 9/46 3/23
PoauHHa TpaHcnnanTaLs (xusuit noHop)* 45/100 131/66.8 66/50.0
Brpara TpaHcnnanxTara [n)
npoTAroM 1ro poky 1 13 12
312 no 60 Micsui cnocTepexeHHs 8 11 4

Ipumitku.

XXH xponiuHa xBopo6a Hupok; 3HT 3amicHa Hupkosa tepartis; BBPCC BpomkeHa Bama po3BUTKY CEYOBOT

cuctemu; I'TTH roctpe noikomkeHHss HUpoK. JlaHi nmpeacrabiaeHo sk *Me/25;75%, **n/%.

B nactynmawmit nepion (2011-2020 poxu) HaOiIb-
oo Oyja mojs BTpy4aHb 3a KopaoHoM (73/37.2%),
ale 1 posmmpuiaach reorpadisg B MexXax KpaiHu
(AY «<HHUXT»: 69/35.2%; inmi nenrpu: 47/24.0%),
cTapTyBajla IIpoTrpaMa IIOCMEPTHOTO ITOHOPCTBa. 3
2021 poKy 3a HEMOBHi 5 POKiB 3HAYHO 30iJbIINIACH
y4acThb PIi3HUX LIEHTPiB KpaiHM B TpaHCIUIAHTaLil
HUPKU SIK B a0COJIIOTHUX, TaK i y BiIHOCHUX BEJIM-
ypHax (AY «HHUXT»: 15/11.4%; inmi ueHTpu:
100/75.8%), 3pocia 4acTKa BMKOPUCTAHHS TPYITHOI
HUPKM (OUB. Tabm. 1).

BusnauyeHa mnomiOHICTh 4acOBUX XapaKTEpUCTHU-
KA B Tpymnax MaIi€eHTiB, c(h)OPMOBAaHUX 3aJIEKHO Bil
eTary po3BUTKY TpaHCIJIaHTaLlii HUPKU: He OYyJIO Bil-
MiHHOCTeM y MeniaHi BiKy moyatky 3HT B pi3Hi poku
(12.0-11.2 pokiB) Ta BiKy IpoBeACHHS TpaHCIUTAHTAIIil
(12.6-12.9 pokiB); yac OYiKyBaHHSI TpaHCILIAHTALIil
smeHImuBes micist 2020 poky (10.5 mpotu 12.0 MicsitiB
B IIOTIEPEeHI Iepionm), aje yepe3 MIMPOKUI Miara3oH
(3 MaKCUMYMOM 10 125 MicCsII1iB) CTAaTUCTUIHOIL 3HATY-
mocTi He HaOyB (muB. Tadu. 1). Lli maHi aprymeHTyBa-

JI TIPAaBOMIipHICTb CITiBCTaBJI€HHS iHIIMX TTOKA3HUKIB,
OIHAK BM3HAYCHHS CTATUCTUYHMX BiIMiHHOCTEH IpH
3aCTOCYBaHHI OMMCOBOI CTAaTUCTUKU HE ITPOBOIUIIOCH,
OCKIIBKM OTpUMaHi pe3yiabTaTy Manu Oisibiie iHpop-
MallifiHe HaBaHTaXXeHHSI i Biga3epKalol0Th TOTOBHICTh
CYCIIJIBCTBA i MEAUYHOI CIIUJIBHOTU 10 BTpy4aHb TUITY
TpaHCIUTAHTaIlii (HUPKW), a HEe CBiMYaTh IIpo HAyKOBUIA
MOTEeHIIiaJl.

3arajoM HaWOINBIIYy KiJIBKiCTh TpaHCIUIAHTALIii
HUPKU BUKOHAHO y natieHTiB crapire 10 pokis — 68.9%
(n=257), HaiiMeH11y — y Billi <3x pokiB — 4.0% (n=15).
ITicma 2010 poky BikoBa CTpyKTypa 3MiHMJIACh — 3pociia
YyacTKa IMalli€EHTIiB 3 BTpy4YaHHSIM Yy Bili >3-10 pokiB i
3MEHIIMJIACH - MOJIOAIIUX (IUB. Ta0. 1).

bisb1Ie MOJOBMHU TPAHCIIJIAHTATIB OTPUMAJIU Ma-
IIEHTHU i3 CTPYKTYpPHUMU aHOMAJiSIMM (IIOIiKiCTO3HA
xBopo6a Hupok: 41/11.0%; BBPCC: 125/33.5%; nuc-
miasiss Hupok: 89/23.9%), 3HauyHa 4YacTKa MpuIajia
Ha oci6 3 riomepynoHedpurom ta I'TTH B anamHe3si
(72/19.3% i 33/8.9% BinnosinHo). 3a mepion 3 2001
POKY CHiBBIZHOIIIEHHS LIMX JiarHO3iB JIEII0 3MiHIOBa-
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Joch 3i 30inbuieHHsSIM Bincotka BBPCC, nmomikicTo3-
HO1 XBOpoOU HUPOK i Tux, xTo nepenic I'TIH. BonHo-
yac 3MEHUIWJIACch BiIHOCHA KiJIbKiCTh BTpYYaHb y Hdi-
Teil 3 rJIoMepyJoHe(PUTOM, Xo4a abCOJIIOTHI UM pU
cBimuath, 1o 3 2021 poKy TpaHCIUIAHTallii HUPKU B
11iif Tpyni BUKOHAHO BXe Malixke CTUTbKM X, SIK 3a TO-
nepeaHe aecaTupiyys (aus. Tadi. 1).

OcCHOBHa KiJbKiCTh BTpaT rpadra mpumnaia Ha
1 pik micns omepanii — 26 BumankiB (8.3%, aHani3
BKJIOUYMB 373 ocobu, y SIKUMX AOKYMEHTOBAHO IMO-
Jlito abo Mpo KOro HasiBHa iHdopMalis Ha KiHElb

Iro mocT-TpaHcrulaHTaliitHoro poky). Cepen Tux,
XTO TIEPETHYB MEXY CHOCTepeXeHHs 12 MicsauiB i 0
60 MicsLiB BKJIIOYHO ITicJIs TpaHCIUIaHTauUil (n=153)
HECOpUSATIUBUN HACHiIOK AiarHOCTOBaHO y 23 ocib
(15.0%).

[TopiBHSIHHSI BUXXUBAHOCTI rpadTa 3a7eXHO Bif
nepiogy omnepauii (2001-2010, 2011-2020 poxu 4u
Mi3Hillle) He BUSBUJIO CTATUCTUYHO 3HAUYILOT pi3HU-
1Ii IpU CIIOCTEPEeXEeHHI 10 5 pOKiB BKIIOYHO (puc. 2).
KyMynsatTuBHa yacTka moAii Ay UuX KOropT yepes |
piK i 5 poKiB 1OJAaTKOBO MpeAcTaBieHa B Tad. 2.

100 ......-.$ooooooo.o. *
Gum ® =t .........ooooooooooo
- 0= g 06 G0u e
:...oooooooo.oo
80 L I}
60 -
40 -
eseees 2001-2010 pokH
20 - -—-— e e 2011-2020 pokH
o 1(021-2024+ poKH
TPHBE‘L'Ii CIb CIIOCTEPEREHHA (pOKH)
T T T T T 1

3 - 5

Puc. 2. KymynsaTuBHA HMOBIPHICTh BUXKMBAHOCTI HUPKOBOTO TPaHCILIAHTaTa MpoTsiroM 60 MicsiiB (5 pokiB)

BKJIIOYHO Y IiTeii B pi3Hi yacosi nepioau (Survival LongRank; p=0,670).

Tabauys 2
KyMmyaaTHBHA BUXKMBAHICTh HUPKOBOI0 TPAHCILIAHTATA Y JiTeM
Yac nicns Mepion npoBeaeHHs TpaHCNNaHTaLii
CHRL AL 2001-2010 pokw 2011-2020 poku 2021 piK | nisiue
1 pik 977+2.3 93.7+1.8 91.9+2.5
5 pokis 80163 86.5+2.7 87723

Ipumitku: naHi npeacrasieHi sik % + SE.

Kpammii moka3HMK BMKWBAHOCTI (Ha piBHI TeH-
IEeHIIii1) BU3HAYEeHO 3a Iepimi 12 MicsIiB IjIa BTPY-
YaHb, BUKOHaHUX 110 2011 poKy; 4epe3 5 poKiB criocTe-
peXXCHHS KyMYJIITUBHA 9acTKa BIDKMBAHOCTI B MeXKax
2001-2010 pokiB 3MeHIIMIACh, B TOMY YHCII i TTIOPiB-
HSTHO 3 HacTynmHuMU Tiepionamu. [Ticns 2020 poky piu-

HUI TTOKAa3HWK BMKMBAHOCTI BUSBUBCS HIKUYE TTOPiB-
HSTHO 3 TIONIepeAHIMU eTaraMu (IWB. Tab. 2).

AHani3 BUXXMBAHOCTI HUPKOBOIO TpaHCILIaHTaTa
3aJIEXXHO BiJ BiKy pELMITIEHTIB IMOKa3aB HaWKpauiui
pe3yabTaT o1 mailieHTiB >3-10 pokis i crapmre B 2001-
2010 poxu (Tabm. 3).
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Tabauysa 3
KymyasiTuBHAa BUXKMBAHICTh HUPKOBOTO TPAHCILIAHTATA Y AiTell Pi3HUX BiKOBUX rpyn
Vi T Mepioa po3BUTKY TPaHCMNAHTaLi
TpaHCAnaHTaui 2001-2010 pokm 2011-2020 poku* 2021 piK i nisiwe
BiK TPaHCNNaHTALji: <3 poKiB
1pik 80.0£179 66.7+19.2 100
5 pokis 80.0+179 50.0+204 100
BiK TpaHcnnaHTaLii: >3-10 pokis
1 pik 100 94.5+3] 88.8+5.3
5 pokiB 875117 90.6+4.0 81.96.8
Bik TpaHcnNaHTaLji: >10-18 pokis
1pik 100 93.0£24 89.3+3.6
5 pokis 78.3+79 83.6+3.8 85.2+45

Ipumitku: naHi npeacrasieHi sik % + SE.

*p=0.021 ms BikoBux Tpyn B Mexax 2010-2020 pokis (Kaplan-Meier Survival Analysis: Log-Rank Test);
CTaTMCTMYHO 3HAYYIIUX BiAMIHHOCTE! MiX MepiogaMu TpaHCIUIaHTAaLlil HE BUSBJIEHO.

CTaTUCTUYHO 3HAYYIIi BiIMiHHOCTiI MiXX BiKOBUMU
rpynamu BusiBieHi B 2011-2020 poku (auB. Tadu. 3);
MHOXWHHE TMOPiBHSIHHSI MoKa3ano iX (hopMyBaHHS 3a
paxyHOK BiKoBoi rpymnu <3 pokiB i 3-10 pokiB (p=0.029,
MeTton Holm-Sidak): HaiiMosioaiii rpymi peLMITiEHTIB
OyJia IpUTaMaHHa HU3bKa BYDKMBAHICTb TpadTa BXKe Ha
KiHelb 1ro poKy cIocTepekeHHsI 3 HACTYITHUM IOTip-
LIEHHSIM MTOKAa3HMKA; Y CTapIIMX MMAIliEHTIB KyMYJISITUB-
Ha BVDXKMBaHICTh Ha KiHellb 1ro poky OyJja MmomioHolo,
OJHAK 4Yepe3 5 poKiB Micjs TpaHCILJIaHTallil Baromilie
3MEHIIMJIACh Y TUX, KOMY BTPYYaHHsI BUKOHAHO Y Billi
>10-18 pokiB. Ilo octaHHLOMY YacoBoMy Mepiony (3
2021 poky) mpolec HaKOMUUEHHST JaHUX TPUBAE - PO3-
paxXyHKU MaroTh IonepeaHi xapakrep (AuB. Ta0. 3).

Iupokuii niana3oH BeJIWYMHU BUXMBAHOCTI
rpadTa 3aJeXXHO BiJl BiKy pELIUITIEHTIB B KOXHiil TOULIi
aHaJIi3y CIIOHYKaB 10 BU3HAYEHHSI BiTHOCHOTO PU3H-
Ky Hioro BTpaTH, 3 10JaTKOBOIO cTpaTUdiKalli€lo rpyIl
(tabn. 4). Ilpu po3mexyBaHHI BiKYy TpaHCILIaHTalii
1o uu micnast 10Tu pokiB mpoTsaroM mepiuux 12 mics-
LB micasl omnepalii KJIiHiYHO 3HAYYIIOr0 3pOCTaHHS
pU3UKY, MOB’sI3aHOT0 3 BikoM, He O0yJjio (OR 1.2); on-
Hak cepejl TUX, XTO 3aJUIIAaBCs ITiJl CIIOCTEPEKEHHIM
micyast 12Ty MicsLiB, BITHOCHUI pU3UK BTpaTu rpad-
Ta y BikKoBili rpyni <10 pokiB BUSIBUBCS Maiixke BABiUi
MEHIIUM, HixX y crapmmx (OR 0.6).

Tabauys 4
BinnocHwmii pu3uk BTpaTi rpadyTa y giTeii 3aj1e3KHO Bij BiKy TpaHCILUIAHTAIT HUPKH
Bik TpaHcnnaHTauii KinbKicTb TpancnnaHTauii (n) B AL LR )
P E P E (n/%) TpaHcnnaurara*
A: no 12 micsiLiB BKNIOYHO nicns TpaHCNNaHTaLji
<10 pokiB 110 10/91
12 (05-27)
>10-18 pokis 205 16/78
A: nicng 12 po 60 MicALiB BK/IIOYHO Nic/s TpaHCNNaHTaLi
<10 pokiB 56 6/10.7
) 0.6 (0.2-15)
>10-18 pokis 97 17/175
b: 00 12 MicsiLiB BKKOYHO Nicnis TpaHCNNaHTaLii
<3 poKiB 14 3/24
21(0.6-81)
>3-18 pokis 301 23/76
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IIpoodosxucenns mabauyi 4

. L . Brpara TpaHcnnaHTarta Pu3uk BTpaTH
Bik TpaHcnnaHTauii KinbkicTb TpancnnanTauii (n) . .
(n/%) TpaHcniaHTaTa
B: nicna 12 no 60 MicAuiB BK/IOYHO Nicns TpaHcnaHTaLii
<3 pokis 7 /143
: 09(01-82)
>3-18 pokiB 146 22/151

Ipumitku.

Bikogi miamazonu: A — mo 10 pokiB BKIIIOUHO i ctapiie; b — mo 3 pokiB BKIIIOUHO i cTapiiie.

*nani npeacrasieHo sik OR (95% CI), BinmiHHOCTI cTaTCTUYHO He 3Hawyi (%2 Big 0.03 1o 0.81).

IIpu 3MiHi BiKOBOTO Jiama3oHy 3i 3MilllEHHSIM
Touku TeperuHy 3 10 Ha 3 poku KJIiHIYHO 3HAYYIIE
3pocyia yacTka BTpaT rpadra y MojaoAuiil rpymi 3i
3pOCTaHHSM BiAIIOBiZHO pum3uKa BTpatw BaBidi (OR
2.1), ane y TUX, XTO MPOJOBXYBaB CIIOCTEPEXKEHHS
micas 12tu MicsauiB 1o 60 BKJIIOYHO HMOBIpHICTH

BTpaTH II0 BiKOBMX rpymnax BupiBHsutack (OR 0.9;
IWB. TaOJ. 4).

HeonHo3HayHi pe3yJibTaTU BCTAHOBJIEHI IS Ha-
CIIiIKiB TPAHCIUIAHTALlii HUPKU B Pi3Hi Nepiogu npu
HO30JI0TisAX, 1O OyaM HalvacTillMMU OPpUYUHAMU
XXH (tab6mx. 5).

Tabauuys 5

DyHKIiOHYI0YHii HHPKOBUII TPAHCIUIAHTAT Y JiTeii: BiTHOCHUI PU3UK BTPATH i BIZKUBAHICTH
3aJ1€2KHO BiJ ocHOBHUX nmpuuuH XXH

KymynsiTuBHa BIXKMBaHICTb TpaHCNaHTaTa B
KnikisHa rpyna Brpara TpaHcnnaHTara Sl G e

n/% BiAHOCHWI pU3NnK” 2001-2010 2010-2020 2021-2024+
[lo 12 MicsiLiB BKNKOYHO Nicns TpaHCMIaHTaLi 1pik
MonikicTosHa XBopo6a HAPOK 3/8.8 25(05-12.8) 100 88.0+6.5 90.9+87
[1oMepynoHedpuT 4/7 2.0 (04-91) 92374 93.8+4.3 92.0£55
Hacniaku [MH 3/107 3.0(0.6-16.0) 100 941457 84601
BBPCC 12/1.0 31(0.9-115) 100 91.5+3.7 861+6.2
Jucnnasisa HUPoK 3/38 10 100 975+25 894471
Nicna 12 po 60 MicauiB BKNKOYHO Nicns TpaHcnAaHTaLi 5 pokiB
MonikicTosHa XxBopo6a HAPOK 4/191 31(0.6-15.2) 3332272 79.2+8.3
[noMepynoHedpuT 7/25.0 43 (1.0-185) 677134 86464
Hacnigku IMH 3/24 3.6 (0.6-201) 100 733115
BBPCC 6/13.3 2.0 (0.5-8.6) 917+8.0 85.3+4.8
Jucnnasig HUPoOK 3/ 10 875117 94.0+42

[Mpumitku.

I'TTH roctpe noukomxeHHs: HUpoK; BBPCC BpoakeHa Bana po3BUTKY CEYOBO1 CCTEMM.

Hani npencrasiaeHo sk: *OR (95% CI), BiaMiHHOCTI cTaTCTUYHO He 3Hauywi (2 0.22-3.04);
**% + SE, nensypoano Bif 71% 10 83% 3aiexHO Bil TpyIH, BiIMiHHOCTI cTaTUCTUYHO He 3Hauymli (Kaplan-

Meier Survival Analysis: Log-Rank Test).

B 2001-2010 poxu uyepe3 pik cCIOCTepexXeHHS
TpaHCIUIAaHTAT (PYHKIIOHYBaB y BCiX MALiEHTIB 3 MOJi-
KiCTO3HOIO XBOp00OOI0 Ta muciiasiero Hupok, BBPCC,
Hacrinkamu ['TIH — BinmoBinHO BIDKMBaHICTh CTAHOBH -
ja 100%, TinbKu npu roMepyaoHedbpUTi BOHA BUSBU-
Jlach Hmxk4e (nuB. Ta6a. 5). B HactynHi mepiogu (2010-
2020 poku i micist) 12Tu Micsi9Ha BMDKMBAHICTD /IS Ta-
LIEHTIB 3 TTIOMepyJIoOHe(PUTOM B aHAMHE3i 3ajIuIlIanach
Ha TaKOMY X CTabiIbHOMY piBHi, a MPU iHIITUX HO30JI0-

rissx 3meHmuaack; 3 2021 poky po3paxyHKOBa BUKHU-
BaHicTb TpadTa rnepiui 12 Mics1iB BUSBUIACH HUKYOIO
IJIST BCiX aHali30BaHMX HO30JIOTil, OKpiM Ialli€HTIiB 3
MOJIiKiCTO3HOI0 XBOPOOOIO HUPOK (AuB. Tabu. 5). Oxn-
Hak jgaji, 3 12 mo 60 Micsiib, JaHi BUXKMBAHOCTI rpadTa
st mepiony 2001-2010 pokiB 3MiHMAMCS, 30KpeMa KJTi-
HiYHO 3HaYyllle 3MEHIIWIMCh ITOKA3HUKU TIPYII 3 L[JIO-
Mepya0He(pPUTOM B aHAMHE3i i MOIIKICTO3HOI0 XBOPO-
0010 HUPOK, BogHouac 3adikcoBane 100% 36epekeHHST
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dyHxuii rpadra y mauientis 3 XXH BHacninok I'TIH. B
2010-2020 pokax HaifBuIlla S-piuHa BUKMBAHICTh Oysa
npUTaMaHHa XBOPUM 3 IEPBUHHUM JiaTHO30M IUCILIa-
3i1 Hupok (94.0%), Haitnukua (73.3%) — malieHTam 3
Hachigkamu I'TIH (quB. Ta6u. 5).

IIpu po3paxyHKy BiIHOCHOTO pPU3UKY BTpaTU
rpadTa 3anexHo Bif etionorii XXH 3a Bech mepiop
CTIOCTEPEXEHHS B SKOCTi KOHTPOJSI OOpaHO Tpymy 3
JNUCILIa3i€10 HUPOK — IiaTHO30M, P SIKOMY JOKYMEH-
TOBaHO HalMEHIIy KiJbKiCTh BTPAUY€HUX TPAHCILIAH-
TaTiB: MPOTATroM Iro poKy CHOCTEPEXEHHS HE3BOPOT-
Hi 3MiHU B iHIIMX aHaJli30BaHUX rpymnax 3adikcoBaHi
B 2-3 pas3u yacTille, 3 MAKCUMYMOM [IJig TALi€EHTIB 3
BBPCC (OR 3.1) (auB. Tabu. 5).

J7ns TUX, XTO MEPETHYB MeXy B 12 MicsALiB micis
BTpydyaHHs1 (n=153) pusuku BTpaTu rpadta 30i/1b-
IIWIUCH B 3-4 pa3u (3 MiHIMaJIbHUM 3POCTaHHSIM JJIs1
BBPCC: OR 2.0). [TopiBHSIHHSI BipOTiZHOCTi BTpaTu
Oe3mocepeIHbO B HO30JOTIYHMX rpynax (Io i micis
12T Mics1iB CIIOCTEPEXEHHS) MOKA3aJI0 CTaTUCTUY-
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HO 3Hauyllle OifbuI HiX B 4 pa3u 3pOCTaHHS PU3U-
Ky JUISl MAL€EHTIB 3 TJIOMEePYJI0oHEe(PUTOM B aHAMHE3i
(OR 4.5 (1.2-17.0), p=0.044, %2 4.04) i kniHi4HO 3Ha-
yylie (BOBiYi i BUILE) — MPU MOJIIKICTO3HI XBOPOOi
HUpoK, nucnnasii Hupok, I'TTH (OR 2.4 (0.5-12.2), OR
2.0 (0.4-10.1) i OR 2.3 (0.4-13.1) BignmosinHo, p>0.03,
x2 0.14-0.48), npu crabinizauii rpynu 3 BBPCC (OR
1.2 (0.4-3.6) p>0.05, x20.02).

Bci HaBeneHi Bulle pe3ynbTaT 6a30BaHi Ha aHa-
JIi3i MeaiaTpUYHOI KOTOPTHU, 1110 BKJIIOYAE MALlIEHTIB 10
18Tu pokiB, 3 HAWOITBIIOK YACTKOIO TPaHCIJIAHTALil
came y mimitkiB. [IpssMe MOpiBHSIHHS 3 JAHUMU MiX-
HApOIHUX PEECTPiB, 5IKi BUKOPUCTOBYIOTh iHIIWI Bi-
koBuit niamazon (ESPN/ERA-EDTA: no 15tu poxkis;
IPNA: no 21ro [2, 11]), He kopekTHe. ToMy B yKpa-
THCHbKOMY CErMEHTi HaMM JOIAaTKOBO BUAJIEHO BiKOBY
rpymy a0 15Tu pokiB i MOPiBHSIHO KiJIbKiCTh HOBUX BU-
nazakiB i nomwupeHicte 3HT 3 y3araibHEeHUMU JaHUMU
ESPN/ERA Registry 3a 2014-2023 poku (ctaH Ha 31
IPYAHSI KOXXHOTO aHali30BaHOTO poky) (puc. 3).
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6.3

Puc. 3. 3HT y mauieHTiB BikoM 10 15T poKiB (KiJIbKiCTh OCi0 Ha 1 MJIH BilllMOBiZHOTrO HaceaeHHs), XxBopux Ha XXH, B Ykpaini

i 3a nanumu ESPN/ERA Registry B 2014-2023

IMonpu ripiy cutyanito 3 oxoruieHHsIM 3HT mne-
JiaTpUUHUX MALi€EHTIB B YKpaiHi MOPiBHSIHO 3 JAaHUMU
ESPN/ERA Registry (B cepeaHbOMY BIBiUi HUXUYi MO-
Ka3HUKM), MiATBEPIKEHO CTiliKe 3pOCTaHHS ii MOIIU-
pPEHOCTi B HallioHaJIbHOMY cerMeHTi 3 2014 poky (auB.
puc. 3A). BonHouac 3adikcoBaHi KOIUBaHHS KiIbKOC-
Ti HOBUX BMITIQAKiB 3aJIeXKHO BiJl pOKY, 1110 BiANOBiga1o
HEOJHO3HAYHUM TEHACHLIsIM i MiXXHapoOAHOI Mpak-
Tuku (nuB. puc. 3b). [TokazoBumu € gani 3a 2023 pik

pokax (A: nmommpeHicTb; b: HOBi BUIaaKku).

[12], wo cBiguaTh npo 3HaYHM picT iHimiauii 3HT B
VYkpaiHi - 10 7.2 oci6 Ha 1 MJIH BiAIIOBiAHOI'O HACEIEH-
Hs. Taki 3MiHM BimOyaucs i yepe3 picT KiJIbKOCTi Hi-
Teii, IKMM BUKOHAHO TPAHCIUIAHTAIlil0 HUPKU, B TOMY
YUCJIi MPeBeHTUBHY (puc. 4). JIasg mopiBHSIHHS — B Lii
DPOKM CepeIHbOEBPOTNIENCHKUI MOKA3HUK MOIINPEHOC-
Ti TpaHCIJIaHTalii y Billi 40 15T poKiB cTaHOBUB 22.3-
25.8 Ha 1 MuH BignmoBigHoro HaceneHHd [11].
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Puc. 4. TpaHcTutaHTAallist HUPKY Y MATTiIEHTIB BikoM 10 15T1 pokiB B Ykpaini B 2014-2023 pokax (ctaH Ha 31 rpymaHst KOXHOTO
aHaJIi30BaHOTO POKY: KiJIbKICTh OCi0 Ha 1 MJIH BiIITOBiAHOTO HaceleHHs; naHi PeecTpy).

Oo6roBopenns. B 21 cropiuui B YKpaiHi BusHaue-
Ha MO3UTHUBHA OUWHAaMiKa B OXOIUICHHI IeaiaTpUYHUX
nauieHTiB pisHuMu Bunamu 3HT, B Tomy umcii muis-
XOM TpaHCIJIaHTallii, piBeHb SIKOI IJISI TTALliEHTIB BiKOM
o 15th pokiB Bupic 34.1 Ha 1 MJIH BiAMOBiIHOTO Hace-
seHHs B 2014 poui — mo 16.5 B 2023 poui (nuB. puc. 3).
32001 poxy HaMm BizoMo 11po 373 nepBUHHUX BTpy4YaHb
y MauieHTiB 10 18T pokiB, sKi 3a BIKOBOIO Ta €Ti0JIO-
TiYHOIO CTPYKTYPOIO MaJio BiIpi3HSIMChH BiJ MiXHa-
POIHOTO CIIEKTPY - MepeBaxKajii 0COOM CTApIIOro BiKy
Ta 3 aHOMaJTisIMU pO3BUTKY ce4oBoi cuctemu [3, 8].

CraH 3aKOoHOIaBYOi 0a3u, OCOOJMBOCTI TEXHIKU
BTpy4YaHb Ta CYIIPOBOAY CYTTEBO 3MiHIOBAJIUCh BIIPO-
JIIOBX POKiB, JOCTYITHUX aHali3y, TOMY OyJIO BUAiJIEHO
4acoBi IHTEpBaJM, IO CUHXPOHI3yBaJIUCh 3 eTara-
MU PO3BUTKY TpaHCIUIaHTauii B YKpaini (2001-2010,
2010-2020 poku i mi3Hillle), a MOAiOHICTb 0a30BUX Ya-
coBux xapaktepuctuk (moyatok 3HT - memiana 12.0-
11.2 pokiB, TpaHCIUIaHTallisd HUPKWA - MeniaHa 12.6-
12.9 pokiB) mOZATKOBO apTyMEHTyBajla MOPiBHSIHHS
Pi3HUX YaCOBUX TepiomiB.

3 2001 poky YkpaiHa 3HauHO 30iJblIMIA Kilb-
KiCThb TemiaTpUYHMX TpaHCIUIaHTaLii (auB. puc. 1),
nepeiia 3 CyTo poAuHHOI TpaHcmaaHTawii (mo 2010
PpOKYy) Ha 3MimaHuii BapianT (3 2021 poKy Ha IToCMepT-
He noHopcTBO npumagae 50.0%), 3MiHMIIA IIPIOPUTETU
3 BUKOPHUCTAaHHSIM IepeBakKHO HalliOHATbHUX peCcypciB
Ta PO3IIUPEHHIM KiJTbKOCTi aKTMBHUX LIEHTPIB TpaH-
crmanTauii B kpaii. ITicast 2010 poky Koropra TpaH-
CIUTAHTOBAaHUX ITOMOJIOAIIANA — aKIUEHT XipypriyHoi
aKTUBHOCTI TIepeMiCTUBCS Ha BiKOBY Ipymy >3-10 po-
KiB. BctaHoBneHo, 1o Meaiana yacy Big moyatky 3HT
0 TpaHCIUIaHTalil B YKpaiHi KopoTila 3a cepeaHiii
nokasHUK ESPN/ERA Registry (1.4 poku 3a naHUMU
[8]) i mae TenmeHwi0 q0 3MeHIIEHHS (3 12.0 MicawiB
B 2001-2010 poxax mo 10.5 micawi micast 2021 poky).

CniBBiZHOIIIEHHS] OCHOBHUMX AiarHO3iB, 10 TpU-
3Benu g0 3HT, 3MiHIOBanoch 3a pOKM aHami3y 3 Mak-

cumanabHuM poctoM YacTku BBPCC micisg 2020 poky
(38.7% mnporu 31.2% B 2001-2010 pokax) Ta 3MeH-
LIEHHSIM TPYNU 3 JUcIiiasiero Hupok (19.7% i 24.4%
BiIMOBiAHO), III0 HE B OCTaHHIO Yepry OOYMOBJIEHO
MEePEerisaaoM i Kopekiielo npuitHITux aediniuiii. Taki
KOJIMBaHHS, BU3HAYCHI i JJI iHIIMX HO30J0Till, 00y-
MOBJICHI PO3IIMPEHHSIM 1iarHOCTUYHUX MOXJIUBOCTEH
(HampuKJa; s MOJiKiCTO3HOI XBOPOOU HUPOK — Bi-
3yaizalifiHi Ta TeHETUYHI CKJIagoBi) Ta TepameBTUY-
Hux onuiii (Hanpukaan niasg 'TTH - BimrepmiHoBaHa
XXH micasg ycrmimHoro rmogojiaHHs TOCTpoi CTaHy 3
pusuKaMu ypreHtHux Brpar) [1]. YacTkoBo 10 HOMMII-
KOBHX BUCHOBKIB MOX€ MiJIITOBXYBaTH Maris BiZiHOC-
HMX BEJIMYMH — 30KpeMa y BUMAAKY TJIOMEPYJIOHEeDpU-
Ty B aHaAMHe3i: i10ro yacTka B CTPYKTYpi TpaHCILIaHTO-
BaHUX 3HU3MJIACh 3 28.8% 1mo 19.7%, onHak aGCOIOTHI
uudpu 3pocau — 3 2021 poky TpaHCIUIaHTAL[il0 BUKO-
HaHO MaiiKe Takiii ke KiJIbKOCTi MalieHTiB, aky 2011-
2020 pokax i y BOBiui OinbLIilt KiabKocTi, Hixk B 2001-
2010 pokax (ouB. Tadm. 1).

IMopiBHAHHS pi3HUX TIepiodiB (3 BiAMiHHOIO
CTPYKTYPOIO, TEXHOJIOTIYHUM IIiIXOZaMM, piBHEM 3a-
Oe3IeyeHHs i 3HaHb, BUKJIMKIB BOEHHOTO CTaHy) He
BUSIBUIO CTATMCTUYHO 3HAYYIIUMX BiIMiHHOCTEHl Yy
30epexeHHi pyHkuii rpadra (muB. puc. 1). Kymyns-
TUBHA STU-piYHa BWKMBAHICTb HUPKOBOTO TpaHC-
IJIaHTaTa 3Haxoaujach B Mexax Bix 80.1% no 87.7%
(3 MOKpallleHHSIM B 4aci), 10 CIiBBiTHOCUTBCS 3 Ja-
HUMM JiTepatypu (B cepeaHbomy 88.3% 3 KoIMBaH-
HAMMU Big 66.8% no 91.6% 3ajexHO Bim TUIy TOHOpa
Ta piBHIO JAoxomy B Kpaiui) [3, 4, 5, 6, 7, 8]. OnHak
pi3HMLS B MOKa3HMKAaX Ha KiHelb 1To poKy crocrtepe-
xeHHs (97.7% nns 2001-2010 poxis i 91.9% nis nepi-
ony micast 2020 pokKy) BMMaraja JIOTIYHUX MOSCHEHb:
iMoBipHO Kpamuii moka3sHuk B 2001-2010 pokax OyB
00YMOBJIEHMI IpUYMHaMu, 3ragaHumu [8] — BuOip
pelvmieHTa (rmepeBara KaHauaaTaM Ha TpaHCILIaHTa-
Lil0 3 XapaKTepUCTUKAMHU, OibII MEPCHEKTUBHUMU
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IJIS. CTIPUSITJIMBUX HACHiAKIB — OIS, MpUTaMaHHA
KpaiHaM 3 HU3bKMM piBHEM JOXOAY) i TMIl JOHOpa
(BCci BUMAgKW — pOAMHHA TpaHCIJIAHTALis, LIO CYy-
MPOBOJXYEThCS 3BUYAl Kpallloto GyHKIi€ rpadTa).
Kpim Toro, mana micue moxubka peecTpalliii — 3 Ta-
KOI0 TJIMOMHOIO PEeTPOCHEKTUBHU i TUTIOM 300Dy TaHUX
iHdopMallisl M0N0 HECHPUSTIMBUX HACHTIIKiB TPaHC-
TUIaHTallii, 3 HE3BOPOTHUMU KPUTUYHUMHU CTAHAMU
B OJMXHI MOCT-TpaHCIUIAHTALIMHWI Tepiod, CTaH
MAli€HTIB 3 HU3bKWM PiBHEM KOMILIAEHCY i, BiAMOBIA-
HO, BiICYTHIM IWHAMIYHUM CITOCTEPEXEHHSIM MOTLJa
MpocTo He noTpanuTtu B Peectp. HaToMicTh HU3bKUI
piuHMIA TOKa3HUK BUKUBaHOCTI micyast 2020 poky (1o-
PIBHSIHO 3 paHHIMM MepioJaMu) MOXHa pO3LiHIOBAaTU
He TUIbKU SIK MOMepeHill (HAKOMUYEeHHSI JTaHUX MPO-
JIOBXYETHCSI) a00 TaKuMid, 110 € HACTIAKOM 3MiHU CHUC-
TeMU Bindopy (pO3LIMPEHHS MOKa3aHb 10 TPaHCIUIaH-
Talii, 3Ha4Ha 4yacTKa MOCMEPTHOI'O TOHOPCTBA), aje i
K n1e(hOpMOBaHUM O0COOIUBOCTAMU (PYHKIIIOHYBAHHS
CHCTeMU OXOPOHU 3I0POB'S IIiJl YaC BOEHHOTO CTaHY
(auB. Tab. 2).

Taxk camo, mOTpiOHO BpaxOBYyBaTH BIUIUB MOXUOKU
peecTpauii cnpuatauBux HachiakiB (2001-2010 pokwn)
i pu3uKiB BoeHHOro craHy (2021-2024+ poxu) mnpu
OLIiHIII BUXXMBAHOCTI IrpadTa B Pi3HUX BIKOBUX rpyrax
(nuB. Taba. 3). OkpeMo Bix Hux (pakToOpiB CTOSThH pe-
gyabratu 2011-2020 pokiB, Big3HaueHi CTaOGLIbHUM
CUCTEMHUM HaJaHHIM He(dPOJIOTiyHOi JOMOMOTYM B
Vkpaini. Came 1151 LbOro Mepioay BUSBIEHI CTaTUC-
TUYHO 3HAYYyIlli BiAMiHHOCTi MiX BiKOBUMU TpyIlamHu,
mo chopMyBaiach 3a paxyHOK BHCOKOI BMXXKMBAaHOC-
Ti rpadpra y mamienriB >3-10 pokiB (1-piuna: 94.5%,
5-piuna: 90.6%) Ta HU3bKOI y HaliMeHIIHUX (l-piyHa:
66.7%, 5-piuna: 50.0%). Lludpu, orpumaHi 1151 BIKOBOI
rpynu <3 pokiB Oy O4iKyBaHUMU — IIUX PELIUITIEHTIB
BiTHOCSITh A0 TEXHIYHO CKJIAAHUX 3 XipypriuyHOi TOUKU
30pYy, 4 B TOCT-TpaHCIJIaHTalLlifHOMY TIepiofii came st
HUX XapaKTepHi YMCIEHHi iHhEeKUilHI YCKIaaHEeHHS,
10 MOTipyoTh TporHo3 [8]. Y maiieHTiB cTapiioro
Biky (> 10 pokiB) 5-piuHa BUXUBAHICTh T€X BUSBUJIACH
HIXUOI0 (83.6%), 1110 MOXe OYTU Pe3yJIbTATOM SIK OCO-
OJMBOCTEl HO30JIOTIYHOrO CHEKTPY (BUCOKA YacTKa
HaOyTUX 3aXBOPIOBaHb HUPOK 3 iMyHHUM KOMIIOHEH-
ToM cepeq nepionpuunH XXH, 1o ripiie Koperyorb-
Cs, HampuKiIaa — MJIOMEPYJIOHEPPUT ab0 CUCTEMHUIA
MpolIeC), TaK i BIUIMBOM MiIJIITKOBOTO MepioAy 3 HOro
MCUXOJOTIYHUM MPUXUJBHOCTSIMU i HEOAHO3HAYHUM
JOTPUMaAHHSIM peKoMeHallii [6].

BikoBa geTepmiHaHTa BU3HAHA BIUIMBOBUM (ak-
TOPOM DPHU3UKY BTpaTh (yHKIIiI HUPKOBOTO TpaHC-
miaHTara. Tak MiATBEpIXXEHO, 110 y TUX, KOMY Ha
MOMEHT BTpy4YaHHSs 0yJ0 MeHLIE 2 POKiB, PU3UK 3POC-
Tae B 1.7 pasiB, mopiBHSIHO 3i cTapmiuMu 3a 13 pokiB
(p=0.04) [8]. Takox 3a3HayalOTh, L0 IMiJiTKOBUIA
BiK (mmouymHamouu 3 16TU pOKiB) IpuUIlaga€ Ha Iepion
MiKOBOTO PM3MKY BigMoBM TpaHcrianTara [13]. Hami
pO3paxyHKU MOKa3aJiu MOJBOEHHS BiTHOCHOTO PU3U-
Ky BTpatu rpadra y aiteit Bikom 10 3 pokis (OR 2.1) B
MEepIIniA piK Micas TpaHCIUIAHTALlil i 3SMEHIIIEHHS HOro

BIBiui y mauieHTiB <10 poKiB, SIKi NEPETHYJIU MEXY B 12
MicsuiB (auB. Tabs. 4). Lli maHi HaroJoOIyIOTh HA OCO-
OnuBiit yBa3i B CyMpOBOAiI UYTJIMBUX TPYI i TEPMiHiB:
peuunieHTd MoJjiogume 3X pokiB B mepiui 12 micguis
Mmicjs TpaHCIIaHTauii i crapuie 10 pokiB — B nepiof 3
12 o 60¥i MicsIIb BKITIOYHO.

Cepen etionoriyuHux (GakTopiB HAUOIIBII cOpu-
STJAWBUX PE3YJbTAaTiB NPOTATOM MEPUIOrO POKY MicCJs
BTPYYaHHSI JOCSITHYTO y MALli€EHTIB 3 OUCILIA3I€I0 HU-
POK — cepeJl HUX BTpaTa ¢GyHKIIT ckiana 3.8%, onHak
micas 12 MicsuiB pu3MK BiIMOBM y HUX BUpIC BIBiUi
(OR 2.0). ITopiBHSHO 3 1Ii€0 HO30JIOTIYHOIO TPYMHOI0
iHIII JiarTHO3W 30iJblIyBaju BipOTiMHICTh BTPATU
rpadTa B 2-4 pa3u BIPOJOBXK CIOCTEPEXKEHHS 3i 3pOC-
TaHHSIM PU3UKIB Yy TUX XTO MEPETHYB MEXY CIIOCTepe-
KeHHd B 12 MicsauiB (auB. TabJ. 5). SAkino Ha 1My poui
JI0 HAWOINbII HECHPUSATIUBUX 3a MPOTHO30M MOXHA
oyno BigHectu xBopux BBPCC (OR 3.1) ta Hacnmia-
kamu I'TTH (OR 3.0), To B HacTynHut nepion aHamizy
0 5 pOKiB BKJIOUYHO YBaru rnorpeodyBajia rpymna 3 rjio-
MmepynoHedpuToMm B aHamHe3i (OR 4.3), mosikicTto3Ha
xBopo6a Hupok (OR 3.0) i 3HOBY >k ctaH micas 'TTH
(OR 3.1). Ponb rnomMepysioHepUTy SIK AeTEPMiHAHTU
HECTPUSTIUBOrO MPOrHO3Y HACTIAKIB TPAHCIIAHTALLi1
HUPKU BU3HaHa [3, 8], omHaK B HAIIOMY MOCIiIXEH-
HSI BU3HAYEHO HE TUIbKU HETaTUBHUI BIUIMB LbOTO
(daxTopy, aje it BCTAHOBJEHO, 110 B IPYMi MNALli€EHTIB 3
[JIOMEPYJIOHEe(PUTOM 3 YacOM (Uepe3 pik Micas TpaH-
CIUTaHTAallii) IMOBipHiCTh BTpatu rpadta 3poctae (OR
4.5, p=0.044).

OTpuMaHi pe3yabTaTy LIOA0 PU3UKIB TO3BOJUIN
BUAIMTYA KPUTUYHI NEPiOAU i KJIiHIYHI Tpynu, 1110 MO0-
TpeOYIOTb 10JaTKOBOI yBaru 3ajIeXKHO BiJl BIKOBUX MEX
(£3 pokiB B mepui 12 MicsiiB cnocrepexeHHs, >10
poKiB Hagani) Ta eTiosoriyHux 4uHHUKIB (BBPCC,
MOJTiKicTO3Ha XBOpoOa HUpok, Haciaku ['TTH B mepuri
12 mics1iB, BiATepMiHOBAHO — IIIOMePYJIOHEMPUT, TTO-
JIiKicTo3Ha XBOopoOa HUPOK, Hacaiaku ['TIH).

Ax Bci mochaimkeHHs, 6a30BaHi Ha OLIiHLI pee-
CTPOBUX [aHUX, MpPEACTaBICHUI aHasi3 Mae oOMe-
XKEHHSI, Cepell IKUX — BY3bKMI CHEKTP AOCTYIMHUX
3MiHHUX, 110 BIUIMBAIOTh Ha (PYHKIIiI0 BUXUBAHOCTI
i pU3UKM BTpaT (HE BpaxoBaHi aAeKBaTHIiCTb Hiaji3y,
Yyac OYiKyBaHHS i CTaH PEUMITIEHTa HA MOMEHT BTpPY-
YaHHS, XapaKTePUCTUKU TOHOPCHKOIrO OpraHy, mnapa-
METPU CYMICHOCTI, peXXUMU iMyHOCYTPECii i focTyn A0
JIKapChKUX 3ac00iB, KOMOPOIAHOCTI Ta YCKJIaIHEHHS
Mepu- YU MOCT-TPAHCIUIAHTALIIHHOTO Tepioay, Mpu-
YWHU BTpaTu rpadra, Toio). OnHak JOCTiAXEeHHS 3a-
CBiIUMJIO 3pOCTAHHS TPAHCIUIAHTALIMHOI aKTUBHOCTI i
BIIEpIlIe OKpecaio Npodilib TpaHCIUIAHTALlli HUPKU Y
niteil B YKpaiHi, yTOYHWIIO CTPYKTYPY i HACJIiIKU BTPY-
YaHHS B IMHaMIlli 32 OCTaHHi 25 pOKiB.

BucHoBKkU. KinbKicTh MemiaTpUIHUX TpaHCIUIaH-
Taliif B YKpaiHi BIPOMOBX OCTaHHIX POKiB CTPiMKO
3pOCTa€, MOJIOAIIAE BiK PEUMITIEHTIB, PO3IIMPIOETHCS
MOCMEPTHE JOHOPCTBO, 1110 MOCWIIOE BUKJIUKHU CYIPO-
BOJLY TMALli€EHTIB AJIsI 3a0€3MeUeHHST TPUBAJIOTO (PYHKIIi0-
HYBaHHS HUPKOBOIO TpaHCIUIaHTaTa. HauioHanbHii
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neliaTpUYHiil KOropTi TPaHCIUTAHTOBAHUX MpPUTAMaH-
Ha TMOAiOHICTh 0a30BUX XapaKTePUCTUK (ETioJoriyHa
crpyktypa XXH — nomiHyBaHHSI aHOMaJili pO3BUTKY
CEUYOBOI CHUCTEMU; Yac OYiKyBaHHS TpaHCIUIAHTALlii —
10.5-12.0 wmicsmiB; BiK TpaHcmiaaHTanie — 12.6-12.9
poKiB) Ta 5-piyHoi BuxkuBaHoCTi rpadta (Bix 80.1% no
87.7% 3anexHo Bin mepioay) cepeaHim manuMm ESPN/
ERA Registry. BusHaueHi eTiosoriuHi i BIKOBi 30HU He-
TaTUBHUX HACHiIKiB TpaHCIUIAHTALil: BUIIAN PUUK
BTpatu rpadTa B nepiii 12 Micd1iB micas BTpy4aHHS y
nauieHtis 3 BBPCC, nosnikicTo3HOl0 XBOpo0OOO, Ha-
crigkamu I'TTH ta B Mojoawiii BikoBiit rpymi (<3 po-
KiB); 30epexeHHs1 Haaati (mepion Bifg 12 micsguiB a0 5
POKiB) BUCOKHX PU3MKIB IS OCi0 3 MOMiKiCTO3HOIO XBO-
po6olo HUPOK Ta Tux, xTo nepenic I'TIH, 3i 3HauyLIMM
3pPOCTaHHSM BipOTiAHOCTI BTpaTu (hyHKIIii TpaHCILIaH-
Tara y Nali€HTiB 3 IJIOMepPYJIOHEe(PUTOM B aHAMHE3i Ta
3CYBOM BiKOBUX M€X Ha MiAIiTKoBuUiA BiK (>10 pokiB).
OTpuMaHi JaHi OiATBEPAXYIOTh HEOOXiAHICThb J0aaT-
KOBOTO aHali3y KJIiHIYHUX TPyM MiJABUIIEHOTO PU3UKY
i mepersiay ix CynpoBOay ISl 3a0€3MeYeHHS TOBrOTPU-
BaJIOro OYHKIIIOHYBAHHS TPAHCILJIAHTATA.

Jeknapanisi etuku. JluzaitH po6otn (BUKOpHC-
TaHHSI arperoBaHUX PETPOCMEKTUBHUX NaHUX 3 J0-
nepxaHHsIM HopMm Permamenty Ne 2016/679 €Bpo-
neficbKoro mapsiaMeHTy i Pangu €Bpomneiicbkoro co-
103y) He nepeadavyaB cXBaJe€HHS KOMicCii 3 MUTaHb 6io-
€TUKU, 10 MiaTBepIkeHOo KoMicielo 3 MUTaHb eTUKU
npu AY «<HHUXT imeni O. HlanimoBa» (IpOTOKOJ
Ne 26/12/2025).

3aaBa npo KOH(IIKT iHTepeciB. ABTOpU He Ma-
I0Th KOH(JIIKTY iHTEepeCiB.

Jlitepatypa (References):

Jkepena ¢inancyBanns. Poborta 3amouyaTkoBa-
Ha B 2010 poui B pamMKax BJIacHOI iHilliaTUBU aBTOPiB
1 BKJTIOUEHA SIK PparMeHTi B HAyKOBO-AOCIiIHi poOOTHU
«BU3HauUTH KJiHIKO-€MiAeMiOJIOTiuHi aCIIeKTU Ta Ma-
ToMOp(hO3 XPOHIYHOI XBOPOOU HUPOK Yy AiTeil B YKpa-
iHi B yMOBaX BOEHHOTO CTaHy» (JepXaBHUI peecTpa-
uitHuii Homep 0123U100221), «BuzHauutu iMyHoOJI0-
riyHi, 3anajabHi Ta MeTa0OJiYHi JeTepMiHAHTU TpUBa-
JIocTi GYHKIIOHYBaHHSI HUPKOBOTO TpaHCIUIAaHTATa Ta
3aMpONOHYBAaTU CIMOCOOM MOro MOMOBXEHHS» (Aep-
KaBHU peecTpauiitnuii Homep 0124U003704); my6uti-
Kallisl MiATOTOBJIEHA 32 BJIACHI KOLIITU aBTOPiB.

Indopmanisi npo BHECOK KOXKHOT0 aBTOpA.

C. I1. Domina: KoHLEIILIY TA AU3AIH JOCTILKEH-
Hs; (POpMYBaHHS PEECTPY; aHAJI3 JITEpaTypHUX JKe-
peJ; CTAaTUCTUIHMI aHAaJli3; iHTeprpeTallis JaHuX; ITig-
TOTOBKA PYKOIIUCY;

1. B. bazdacaposa: yaacts B 0OTOBOPEHHI Pe3yiIb-
TaTiB; GOpMyTIOBaHHS BUCHOBKIB;

0. B. Jlagpenuyk: anaji3 JiTepaTypHUX IKepE,;
y4acTh B OOTOBOpPEHHI pe3yJIbTaTiB.

¥Yci aBTOpM 03HAOMMIIMCH 3 OCTATOUYHOIO BepCi-
€10 PYKOIIMCY Ta CXBaJIWJIU 1i 10 myOJTiKalrii.

3asBa npo AOCTYNHICTh JAHMX: arperoBaHi aaHi,
BUKOPUCTaHi B OOCiIXKEHHi, MOXYTb OyTH HaJaHi 3a
OOIPYHTOBAaHUM 3aIlIMTOM J0 BilMOBiZaIbHOIO aBTOPA;
naHi ESPN/ERA Registry HasiBHi y BIIKpUTOMY OCTY-
i 3a mocunanHsm [11].

IMonsaka: I'muboka BASYHICTD AUTSYUM HeDPOIIO-
raM YKpaiHu i JiKapsiM iHIIMX CHeliaIbHOCTeH, Mpu-
YeTHUM 10 (OpMYBaHHS Ta IOHOBJIEHHS PeecTpy.

1. Fomina SP, Lavrenchuk OV, Bahdasarova 1V,
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Pe3stome. Jucainidemia € xapaxmeprow 03HAKOK HedPOMUUHO2O0 CUHOPOMY, KA 3HAUHO NIOBUULYE PUBUK Cep-
1e60-CYOUHHUX YCKAAOHeHb Ma NPo2pecyB8aHHsl XPOHIUHOI X60pobu HUpoK. Y yvomy 02140i anarizyemocs cyuacte po3y-
MIHHS CKAQOHUX Namoghi3ionoziuHux Mexanizmie nopyuiers AinioH020 00MIHY Y NAYIEHMIE 3 HehPOMUUHUM CUHOPOMOM.
Ocobausa yeaea npudinsemocs 6naugy npomeinypii Ha cunme3s Ainonpomeinie neYiHKow ma nopyuleHHs ix Kaipeucy. Y
cmammi cucmemMamu308aHo cy4acHi mepanesmuyti cmpameeii. Pozeasnymo mepanesmuyni nepcnekmueu, cnpamo8aHi
Ha KopeKyiro ainionozo npoghinto sk 3acoby Hegpponpomexuyii. B 0eas0i naeorouyemocs Ha HeoOXIOHOCMI nepcoHanizoea-
H020 nidxody 00 AiKyeanHs ducainidemii 3 ypaxy8anHHam emionoeii HeghpoOmMu4HoO20 CUHOPOMY Ma PYHKUIOHANbHO20 CIAHY

HUPOK.

KaouoBi cioBa: negppomuunuii cundpom, oucainioemis, 2inoarv0yminemis, 210Mepya0CKAePO3, XPOHIUHA X8OPO-
6a HUpoK, OKCcUOAMUBHUIL cmpec, amepoCcKAepo3, XPOHIYHA cepuesa HedoCmamHicms, 2inoainioemiuHi npenapamu.

Introduction. NS is a clinical and laboratory
symptom complex characterized by massive proteinuria
(more than 3.5 g/day), hypoalbuminemia, peripheral
edema, and severe hyperlipidemia [1]. While correc-
tion of fluid and electrolyte imbalances and immuno-
suppressive therapy for the underlying disease have tra-
ditionally been the focus of clinical attention, dyslipid-
emia in NS is often underestimated.

Mariia Cherska
emariya83@gmail.com

The abnormal lipid profile in NS typically mani-
fests as elevated levels of low-density lipoprotein choles-
terol (LDL-C), triglycerides (TG), and lipoprotein(a)
(Lp(a)). These abnormalities result from a complex
cascade of pathophysiological changes, including ex-
cessive hepatic synthesis of lipoproteins and defects in
their plasma clearance. Long-term hyperlipidemia in
NS is a powerful cardiovascular risk factor and has a
direct nephrotoxic effect, contributing to tubulointer-
stitial fibrosis and glomerulosclerosis [1, 2].

Despite the existence of generally accepted clinical
guidelines for the treatment of cardiovascular diseases
(CVD), the management of dyslipidemia specifically in
NS remains a subject of debate. Statins remain first-line
treatments, but their efficacy and safety may vary de-
pending on the severity of proteinuria and renal func-
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tion. Furthermore, the emergence of new therapeutic
agents, such as proprotein convertase subtilisin-kexin
type 9 (PCSK9) inhibitors, opens new horizons in the
treatment of refractory forms of lipid metabolism dis-
orders. This review aims to systematize current data on
the pathogenesis of nephrotic dyslipidemia, critically
evaluate the effectiveness of existing pharmacotherapy
methods, and consider promising therapeutic strategies
aimed at reducing cardiovascular risk and slowing the
progression of renal failure.

Materials and methods. An analysis of data from
literary sources and medical articles indexed in the
PubMed database was conducted to clarify the influ-
ence of nephrotic syndrome (NS) on the development
and progression of dyslipidemia. A systematic litera-
ture search was performed using the PubMed database.
The following keywords and Medical Subject Headings
(MeSH) were used in various combinations: “nephrotic
syndrome,” “dyslipidemia,” “hyperlipidemia,” “lipid
metabolism,” “pathophysiology,” and “management.”
Boolean operators (AND, OR) were applied to refine
the search strategy.

The inclusion criteria were as follows: peer-re-
viewed articles published in English; review articles,
systematic reviews, meta-analyses, randomized con-
trolled trials, and observational studies (cohort, case-
control, and cross-sectional studies); studies investi-
gating the pathophysiological mechanisms, clinical
features, or therapeutic management of dyslipidemia in
patients with nephrotic syndrome, and studies involv-
ing adult and pediatric populations.

The exclusion criteria included: case reports, con-
ference abstracts, editorials, and letters to the editor;
studies not directly addressing lipid metabolism or dys-
lipidemia in nephrotic syndrome; articles with insuffi-
cient methodological quality or incomplete data.

The time frame for the literature search covered
publications from 2000 to 2025, allowing inclusion of
both foundational studies and the most recent advances
in understanding the molecular mechanisms and thera-
peutic approaches to dyslipidemia in nephrotic syn-
drome. Relevant articles were initially screened based
on titles and abstracts, followed by full-text evaluation
for eligibility. Data were extracted and qualitatively
synthesized to identify key mechanisms linking ne-
phrotic syndrome and dyslipidemia, as well as current
and emerging therapeutic perspectives.

Pathophysiology of dyslipidemia in nephrotic syn-
drome. Nephrotic dyslipidemia, due to hypoalbumin-
emia and urinary loss of lipid regulators, is character-
ized by elevated plasma levels of lipoprotein(a), apoli-
poprotein B-containing lipoprotein, and apolipopro-
tein A-III [1]. This is due to a combination of increased
production, impaired catabolism/clearance of LDL
and apoB-100 [2, 3] and is accompanied by significant
increases in apoA-I, apoA-IV, apoB, apoC, and apoE
levels, as well as the ratio of apoC-II1to apoC-II. These
changes are involved in the biosynthesis, transport, re-
modeling, and catabolism of lipids and lipoproteins.

Lipoprotein lipase (LPL) is the rate-limiting en-
zyme for chylomicron and very low-density lipopro-
tein (VLDL) lipolysis [4, 5]. Endothelium-derived
glycosylphosphatidylinositol-anchored binding protein
1 (GPIHBP1) plays a central role in the fate and func-
tion of LPL by anchoring LPL to the endothelium and
serving as a ligand for chylomicrons [6].

Downregulation of LPL and GPIHBPI1 is en-
hanced by decreased apoE and apoClII levels and in-
creased apoClIII to apoClII ratios in VLDL and chy-
lomicrons. Impairment of LPL-mediated lipolysis of
triglyceride-rich lipoproteins occurs through a decrease
in apoE (the main ligand for binding of VLDL and
chylomicrons to the endothelium) and a decrease in
the ratio of apoCII (an LPL activator) to apoCIII (an
LPL inhibitor) [7]. The acquisition of apoE and apoC
from HDL in exchange for apoA is essential for endo-
thelium-binding and LPL-mediated lipolysis of VLDL
and chylomicrons. The lack of HDL-2, which is rich in
cholesteryl esters, plays an important role in the dys-
regulation of triglyceride-rich lipoprotein metabolism.

Hepatic lipase is involved in HDL metabolism, me-
diating the unloading of its triglyceride load in the liver.
NS leads to hepatic lipase deficiency, which contributes
to hypertriglyceridemia, accumulation of atherogenic
immediate-density lipoprotein (IDL), and TG enrich-
ment of LDL and HDL. Regulation of hepatic LDL ex-
pression occurs through the proprotein convertase sub-
tilisin/kexin type 9 (PCSK9). In patients with NS, LDL
degradation is increased with increased intrahepatic
expression of PCSK9. Thus, LDL clearance is impaired
and LDL uptake by hepatocytes is reduced [8]. In ad-
dition, with increased glomerular basement membrane
permeability and decreased LPL activators, LPL activity
is reduced and IDL and LDL levels are increased.

Through the esterification of free cholesterol,
acyl-CoA: cholesterol acyltransferase (ACAT) plays
an important role in the packaging of cholesterol into
apoB-100 in the liver for release into the circulation.
The processes of increasing cholesterol biosynthesis
and decreasing cholesterol catabolism are controlled
by 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) and
cholesterol-7 alpha-hydroxylase. Despite hypercholes-
terolemia, both are regulated by the intracellular con-
centration of free cholesterol, which is not increased
in NS. This discrepancy may be explained in part by
impaired hepatic cholesterol uptake due to acquired
deficiency of the LDL receptor, as well as by upregula-
tion of the activity of hepatic acyl-coenzyme A (CoA):
cholesterol ACAT (which catalyzes cholesterol esteri-
fication).

Increased cholesterol esterification and decreased
intracellular free cholesterol occur in association with
increased expression and activity of liver acetyl-CoA
acetyltransferase 2 (ACAT?2), downregulation of genes
encoding proteins involved in fatty acid catabolism in
the liver [9]. Increased HMG-CoA reductase activity
and cholesterol production have been observed in the
liver of patients with NS.
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In NS, HDL Ilevels are normal or slightly reduced,
but the HDL to total cholesterol ratio is low compared
with healthy individuals. The maturation of choles-
terol ester-poor HDL particles to cholesterol ester-rich
HDL particles is also altered [10], suggesting that im-
paired reverse cholesterol transport may be a key com-
ponent of NS and contribute to its associated vascular
complications.

Clinical profile and consequences of dyslipidemia
in NS. Typical lipid abnormalities. Dyslipidemia in NS
is almost universal and typically severe. The classic pat-
tern includes elevated TC, LDL-C, VLDL, IDL, TG,
apoB-containing particles, and often Ip(a), with normal
or slightly reduced HDL that is functionally impaired.
Mechanistically, heavy proteinuria and hypoalbumin-
emia stimulate hepatic overproduction of lipoproteins
(VLDL, Ip (a), apoB) and cholesterol, while urinary
loss of key regulators (e.g., LCAT, CETP) and down-
regulation of lipoprotein lipase, hepatic lipase and LDL
receptors reduce lipoprotein clearance. This combina-
tion leads to accumulation of cholesterol-rich, TG-rich
and small dense LDL particles with high atherogenic
potential [4]. In prolonged NS, this profile often meets
criteria for combined hyperlipidemia and resembles fa-
milial forms in severity.

Differences between nephrotic syndrome types. Re-
cent work has started to dissect lipid phenotypes across
primary NS entities. In a 409-patient cohort of primary
membranous nephropathy, minimal change disease
and focal segmental glomerulosclerosis, Alqudsi et al.
showed that after adjustment for proteinuria and hy-
poalbuminemia, TC and TG were comparable across
groups, but LDL-C was highest in focal segmental
glomerulosclerosis whereas HDL-C was significantly
higher in minimal change disease than in membranous
nephropathy or focal segmental glomerulosclerosis
[11]. These data suggest that the underlying glomeru-
lopathy modulates qualitative aspects of dyslipidemia
beyond nephrotic severity. In patients, steroid-resistant
or frequently relapsing NS is associated with more per-
sistent and pronounced dyslipidemia than steroid-sen-
sitive forms, reflecting longer exposure to nephrotic-
range proteinuria, cumulative glucocorticoid therapy
and greater chronic kidney damage. Such differences
are clinically relevant, as focal segmental glomerulo-
sclerosis and steroid-resistant phenotypes may carry a
more atherogenic lipid burden and higher long-term
cardiovascular and renal risk [4, 12].

CVD risk and endothelial dysfunction. The ne-
phrotic dyslipidemic milieu contributes to premature
atherosclerosis and subclinical cardiovascular damage.
In both adults and children with NS, elevated LDL-C,
non-HDL-C and TG correlate with increased carotid
intima—media thickness and impaired flow-mediated
dilation, indicating early endothelial dysfunction and
arterial stiffening [13-15]. Recent data show that pa-
tients with NS in remission still exhibit impaired endo-
thelial function compared with healthy controls, and
that abnormalities are more pronounced in frequently

relapsing or steroid-dependent forms [16]. These find-
ings support the concept that dyslipidemia, together
with persistent low-grade inflammation, oxidative
stress, and a prothrombotic state, positions NS patients
at elevated risk for cardiovascular events throughout
life, even if overt clinical events occur decades later.

Contribution to glomerular injury and CKD progres-
sion_(“lipid nephrotoxicity”). Beyond systemic athero-
sclerosis, renal “lipid nephrotoxicity” is now recognized
as a key amplifier of glomerular injury in NS. Elegant
experimental and clinical studies summarized by Vaziri
demonstrated that NS is associated with increased re-
nal uptake and intrarenal accumulation of cholesterol,
triglycerides and oxidized lipoproteins, leading to me-
sangial proliferation, podocyte injury, and expansion
of glomerulosclerosis [2]. Lipids and their oxidized de-
rivatives induce reactive oxygen species generation, ER
stress, and pro-inflammatory and pro-fibrotic signal-
ing in glomerular and tubular cells, thereby accelerat-
ing nephron loss. The broader CKD literature further
supports a causal link between lipid surplus and kidney
function decline, with observational data showing that
higher atherogenic lipid indices predict faster CKD pro-
gression and experimental models demonstrating that
reducing renal lipid accumulation ameliorates struc-
tural damage [17, 18]. Dyslipidemia has been shown to
exacerbate oxidative stress and inflammatory responses,
with increased reactive oxygen species production and
pro-inflammatory pathway activation directly linked
to adverse vascular changes [19]. In NS, this creates a
vicious circle: proteinuria and hypoalbuminemia drive
dyslipidemia, dyslipidemia promotes glomerular and
tubulointerstitial injury, which in turn, worsens pro-
teinuria and further exacerbates the dyslipidemic state.
Recognizing this bidirectional relationship is central to
justifying early and aggressive management of dyslipid-
emia as part of a reno-cardiovascular protective strategy
in nephrotic patients.

Therapeutic goals and guideline recommenda-
tions. Overview of current guideline recommendations.
The management of dyslipidemia in NS has two goals:
achieving remission of the underlying glomerular dis-
ease and lipid control. Dedicated NS-specific recom-
mendations remain limited, so clinicians rely largely
on general dyslipidemia guidelines from major cardio-
vascular and nephrology societies. The ESC/EAS 2019
and 2025 guidelines use a risk-stratified, treat-to-target
approach, classifying moderate CKD as high risk and
severe CKD as very-high risk [20, 21]. In contrast,
the AHA/ACC 2018 guidelines use an intensity-based
strategy, considering CKD and persistent albuminuria
as risk-enhancing factors that favor statin initiation in
borderline- or intermediate-risk adults. In contrast,
KDIGO emphasizes a ‘fire-and-forget’ approach, rec-
ommending statins for most adults with CKD irrespec-
tive of LDL-C level [22, 23]. This strategy is based on
evidence that statins reduce cardiovascular risk in CKD
populations, even when intensive lipid monitoring is
not performed.
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These recommendations are particularly relevant
in NS, where proteinuria per se contributes to athero-
genesis [24, 25]. During active NS, LDL-C frequently
exceeds 4.9 mmol/L (190 mg/dL), meeting criteria for
severe hypercholesterolemia independent of calculated
cardiovascular risk. In patients with glomerular disease,
including NS, KDIGO advises lipid-lowering therapy
for persistent dyslipidemia, especially when additional
cardiovascular risk factors are present such as hyperten-
sion, diabetes mellitus, or established ASCVD. There-
fore, for patients with nephrotic syndrome, the choice
between these approaches should be individualized. In
conditions with a high likelihood of remission, such as
minimal change disease, a KDIGO-based approach
with moderate-intensity statin therapy and reassess-
ment after remission may be sufficient, as lipid abnor-
malities frequently resolve. However, in patients with
persistent proteinuria, advanced CKD, or established
cardiovascular disease, a treat-to-target strategy is more
appropriate due to sustained dyslipidemia and high car-
diovascular risk.

Target lipid levels and treatment thresholds. Pro-
posed treatment targets are presented in Table 1. In
brief, patients with NS but without CKD or major co-
morbidities (e.g., minimal change disease with antici-
pated remission) are pragmatically considered to be at
moderate cardiovascular risk, while the presence of ne-
phrotic syndrome is associated with increased risk but
is not in itself a criterion for classifying a patient as very
high risk. In line with the ESC/EAS framework, tar-

geted lipid management is primarily aimed at lowering
LDL-C, with secondary targets including non-HDL-C
and apolipoprotein B. For all risk categories, triglycer-
ides should be maintained <5.6 mmol/L (<500 mg/dL)
to minimize pancreatitis risk.

Considerations for primary vs. secondary prevention.
For secondary prevention in patients with documented
atherosclerotic cardiovascular disease (ASCVD), high-
intensity statin therapy remains first-line, with dose
adjustment based on eGFR and concurrent medica-
tions. Primary prevention strategies must account for
the dynamic nature of NS. In minimal change disease
with anticipated remission, moderate-intensity statin
therapy may suffice during the acute phase, with reas-
sessment following proteinuria resolution. Dyslipid-
emia typically normalizes within weeks to months af-
ter achieving complete remission, potentially allowing
therapy de-escalation. Conversely, patients with focal
segmental glomerulosclerosis or membranous nephrop-
athy, where proteinuria often persists despite immuno-
suppressive therapy, are indicated for more aggressive
primary prevention approaching secondary prevention
intensity [26].

Special consideration applies to children. While
KDIGO suggests deferring statins in children with NS
unless experiencing persistent, severe hyperlipidemia
despite optimal disease management, emerging evi-
dence supports that earlier intervention may be appro-
priate in patients with steroid-resistant disease or pro-
gressive genetic forms [27].

Tables 1

Treatment targets for dyslipidemia in NS according to CVD risk categories

Risk Category Clinical Criteria

Primary goals Secondary goals

NS without CKD, expected remission;
no additional major cardiovascular risk
factors

Moderate risk

LDL-C <2.6 mmol/L (<100 mg/dL)

Non-HDL-C <34 mmol/L
(<130 mg/dL); ApoB <100 mg/dL

Moderate CKD (30-59 mL/min/173 m2);
DM without target organ damage;
persistent proteinuria with =1 risk factor

High risk

LDL-C <1.8 mmol/L (<70 mg/dL)
and 250% reduction

Non-HDL-C <2.6 mmol/L
(<100 mg/dL); ApoB <80 mg/dL

Severe CKD (eGFR <30 mL/min/1.73 m2);
DM and target organ damage;
documented ASCVD

Very-high risk

LDL-C <14 mmol/L (<55 mg/dL)
and =50% reduction

Non-HDL-C <2.2 mmol/L
(<85 mg/dL}; ApoB <65 mg/dL

Abbreviations: Apolipoprotein B (ApoB); Atherosclerotic cardiovascular disease (ASCVD); Chronic kidney disease (CKD);
Diabetes mellitus (DM); Estimated glomerular filtration rate (¢GFR); High-density lipoprotein cholesterol
(HDL-C); Low-density lipoprotein cholesterol (LDL-C); Nephrotic syndrome (NS).

Non-pharmacological management. The non-
pharmacological management of dyslipidemia in NS
represents a crucial adjunct to pharmacotherapy. A
multifaceted approach, integrating lifestyle modifi-
cation, dietary optimization, and control of the un-
derlying glomerular disorder, functions not merely as
supportive care but as a key determinant of metabolic
stability. By modulating nutritional status, energy bal-
ance, and renal function, these interventions collec-
tively improve lipid homeostasis, reduce proteinuria,

and mitigate the elevated cardiovascular risk inherent
to nephrotic states.

Dietary Interventions. Nutritional modification re-
mains a cornerstone in addressing nephrotic dyslipidemia.
Restriction of saturated fats and dietary cholesterol, along-
side increased intake of mono- and polyunsaturated fatty
acids, has been shown to reduce total and LDL cholesterol
[10, 28]. Incorporation of omega-3 fatty acids from ma-
rine or plant-based sources provides additional triglycer-
ide-lowering and anti-inflammatory effects [29, 30].
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Protein intake should be carefully individualized:
adequate protein prevents malnutrition, but excessive
consumption may exacerbate glomerular hyperfiltra-
tion and proteinuria. A moderate intake of 0.8-1.0 g/
kg/day, tailored to renal function, is generally advisable
[31]. Sodium restriction (<2.3 g/day) aids in control-
ling edema and hypertension, indirectly supporting
lipid regulation. High dietary fiber from whole grains,
legumes, fruits, and vegetables enhances bile acid ex-
cretion, contributing to LDL reduction [32].

Control of underlying disease and proteinuria. Ame-
lioration of the primary renal pathology and reduction
of proteinuria are central to improving dyslipidemia.
Effective management of glomerular diseases - through
immunosuppressive therapy in minimal change disease
or membranous nephropathy — often normalizes lipid
abnormalities [33]. Optimization of blood pressure
with renin—angiotensin—aldosterone system (RAAS)
blockade reduces proteinuria and may favorably affect
lipid metabolism [34]. In diabetic nephropathy, strict
glycaemic control is associated with improved meta-
bolic and renal outcomes, although evidence for direct
correction of dyslipidemia is limited [35-37]. Support-
ive measures, including avoidance of nephrotoxins and
maintenance of adequate hydration, further support re-
nal and metabolic stability [38].

Weight management and physical activity. Obesity
and sedentary behavior exacerbate dyslipidemia and
proteinuria. Structured weight reduction through ca-
loric moderation and regular physical activity improves
lipid metabolism and insulin sensitivity [39]. Aerobic
exercise — ideally >150 minutes per week at moderate
intensity — is associated with lower triglyceride levels
and higher HDL cholesterol in healthy populations; in
nephrotic patients, programs should be tailored to indi-
vidual tolerance, particularly in the presence of edema
or renal impairment, favoring low-impact activities
such as walking, cycling, or aquatic exercise [40, 41].

Lifestyle counselling should also emphasize smok-
ing cessation and moderation of alcohol intake, both of
which contribute to improved cardiovascular outcomes
[1, 42].

Pharmacological management. Pharmacologi-
cal management of dyslipidemia in NS pursues three
interrelated objectives. First, the urgent prevention of
pancreatitis in cases of marked hypertriglyceridemia
(TGs >5.6 mmol/L, or >10 mmol/L for emergency
correction).

Second, the long-term reduction of ASCVD risk,
which is critical given the substantially elevated CVD
associated with proteinuria and nephrotic-range dyslip-
idemia, as emphasized in KDIGO and ESC/EAS guid-
ance.

Third, the prevention of lipid-mediated renal in-
jury is an essential nephroprotective component of
therapy that addresses the direct pathogenic role of
lipotoxicity in progressive kidney damage. First-line
lipid-lowering therapy in patients with NS involves the
early initiation of statins. Treatment intensification is

achieved by adding ezetimibe when LDL-C targets are
not met. In individuals at very high CVD risk or with se-
vere dyslipidemia, an upfront combination strategy may
be considered. Current ESC/EAS and KDIGO guid-
ance supports starting therapy as early as possible, irre-
spective of baseline LDL-C levels, with a preference for
agents and combinations supported by robust evidence
of renal safety [43, 44].

The main classes of hypolipidemic drugs. Statins.
Statins (atorvastatin, rosuvastatin, simvastatin, pitavas-
tatin, pravastatin) are the first-line agents for the man-
agement of dyslipidemia. They act by inhibiting HM G-
CoA reductase, thereby reducing hepatic cholesterol
synthesis and increasing LDL receptor expression. This
class typically lowers LDL-C by approximately 30-60
percent. The principal adverse effects include myalgias
and elevations in ALT/AST, with rhabdomyolysis oc-
curring rarely. Safety monitoring requires assessment of
ALT/AST prior to treatment initiation and as clinically
indicated, as well as measurement of creatine kinase if
muscle symptoms develop [26].

Ezetimibe. Ezetimibe acts by inhibiting intesti-
nal cholesterol absorption through blockade of the
NPCILI1 transporter. It provides an additional 18-25
percent reduction in LDL-C and is used at a fixed dose
of 10 mg daily, most often in combination with statins.
Adverse effects include dyspepsia and transient eleva-
tions in transaminases. Safety monitoring is generally
limited to assessing ALT/AST when ezetimibe is used as
part of combination therapy with a statin [44].

PCSK9 inhibitors ( Proprotein Convertase Subtilisin
Kexin Type 9). This class includes the monoclonal an-
tibodies evolocumab and alirocumab. Their mechanism
of action involves binding circulating PCSK9, thereby
preventing the degradation of hepatic LDL receptors
and producing a 50-60 percent reduction in LDL-C.
The agents are administered subcutaneously: evo-
locumab 140 mg every two weeks or 420 mg monthly;
alirocumab 75-150 mg every two weeks. Adverse effects
include injection-site reactions, arthralgias, and influ-
enza-like symptoms. Lipid profile monitoring is recom-
mended every 3-6 months.

Clinical trials have demonstrated that PCSK9 in-
hibitors are highly effective and well tolerated as inten-
sive lipid-lowering therapy, with preserved efficacy and
no excess safety concerns even in patients with severe
renal impairment [45].

Inclisiran. Inclisiran is an innovative small-inter-
fering RNA (siRNA) agent. Its mechanism of action
involves the suppression of hepatic PCSK9 synthesis,
which, similar to monoclonal PCSK9 inhibitors, in-
creases LDL receptor expression. Mean LDL-C reduc-
tion is approximately 50 percent. Adverse effects are
largely limited to injection-site reactions, occurring in
about 1-5 percent of patients. Lipid monitoring is rec-
ommended at 3 months and then every 6-12 months.

Data from the ORION-7 and ORION-1 studies
demonstrated that the pharmacodynamic effects of in-
clisiran (reductions in circulating PCSK9 and LDL-C)
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and its safety profile are comparable in patients with
normal and impaired renal function, including those
with severe chronic kidney disease. Although system-
ic exposure increases modestly with declining kidney
function, inclisiran is rapidly cleared and becomes
undetectable in plasma within 48 hours, and no dose
adjustment is required in individuals with renal impair-
ment [46].

Bempedoic acid. Bempedoic acid acts by inhibiting
ATP-citrate lyase, reducing cholesterol synthesis at a step
upstream of HMG-CoA reductase. As monotherapy, it
lowers LDL-C by approximately 17-20 percent, and up to
35 percent when combined with ezetimibe, at a standard
dose of 180 mg daily. The principal adverse effects include
hyperuricemia and tendinopathy. Safety monitoring re-
quires periodic assessment of serum uric acid and clinical
vigilance for symptoms suggestive of gout [47].

Fibrates. The principal agent in this class is fenofi-
brate, a PPAR-a agonist that enhances lipoprotein lipase
activity and effectively lowers triglyceride levels by 30-50
percent. Fibrates are used primarily to manage marked
hypertriglyceridemia (TGs>5.6 mmol/L). Adverse ef-
fects include dyspepsia, increases in serum creatinine, and
a higher risk of myopathy when combined with a statin.
Safety monitoring should include creatinine, ALT, and
CK when fibrates are used in combination therapy.

The clinical utility of fenofibrate in patients
with type 2 diabetes and impaired kidney function
(eGFR >30 mL/min/1.73 m2) is supported by the
FIELD and ACCORD Lipid trials. These studies
demonstrated that although fenofibrate causes an
early, reversible rise in serum creatinine, long-term
therapy slows the overall decline in eGFR and reduces
albuminuria, thereby contributing to renal preserva-
tion in diabetic nephropathy.

In the later stages of CKD, the risk of side effects is
increased, so there is a need for an individual assessment
of the benefits and risks of using this group of drugs.

Omega-3 polyunsaturated fatty acids (PUFAs). For-
mulations containing eicosapentaenoic acid (EPA) re-
duce triglyceride secretion and very-low-density lipo-
protein synthesis, producing a 20-45 percent reduction
in TG levels. Adverse effects include dyspepsia and a
prolongation of bleeding time. Coagulation monitoring
is advisable when EPA is used concomitantly with anti-
coagulant therapy.

The REDUCE-IT trial demonstrated that icosa-
pent ethyl significantly lowers the incidence of cardio-

vascular events regardless of baseline kidney function,
supporting its broad clinical utility even in patients with
mild to moderate renal impairment [48].

Bile acid sequestrants (resins). This class includes
cholestyramine and colesevelam. They act locally by
binding bile acids in the intestine, which in turn stimu-
lates upregulation of hepatic LDL receptors. These
agents lower LDL-C by approximately 15-25 percent
(for example, colesevelam 3.75 g daily). Their use is
limited by gastrointestinal adverse effects such as con-
stipation and bloating, as well as the risk of increasing
triglyceride levels. They are contraindicated in patients
with TG levels above 4.5 mmol/L. Colesevelam and
related agents are safe across all stages of chronic kid-
ney disease because they are not systemically absorbed.
Their dual activity — lipid lowering and potential phos-
phate binding — makes them a useful option for patients
with advanced CKD and concomitant dyslipidemia
[49].

Niacin. Niacin may be considered a second-line
adjunctive therapy in NS, as it effectively lowers TG by
20-50 percent and raises HDL-C. Its use is substantially
limited by a high risk of hepatotoxicity, hyperuricemia,
and worsening glycemic control, particularly in patients
with diabetic nephropathy. Because there is no evi-
dence of cardiovascular outcome benefit when niacin is
added to statin therapy, it is reserved for severe, refrac-
tory hypertriglyceridemia and requires careful monitor-
ing of relevant laboratory parameters. Choice of lipid-
lowering therapy and its intensity in NS are determined
not only by LDL-C targets and CVD risk stratification,
but also by renal functional status.

The need to account for estimated glomerular fil-
tration rate (eGFR) stems from the increased risk of
dose-dependent statin-associated myotoxicity as kid-
ney function declines (particularly at eGFR<30 mL/
min/1.73 m2). This necessitates careful dose titration
and preferential selection of agents with predominantly
non-renal routes of elimination [50].

Given the dual influence of kidney function-both
on CVD risk and on the pharmacokinetics of lipid-low-
ering agents-therapeutic approaches in patients with
NS require individualized stratification (Table 2). It is
therefore reasonable to distinguish treatment strategies
according to eGFR. This allows for maximally inten-
sive therapy to achieve aggressive LDL-C targets while
minimizing the risk of dose-dependent statin toxicity in
the setting of reduced renal clearance [51].

Table 2
Therapeutic strategy for lipid-lowering agents based on eGFR
O stg ge [eGF? mt/ Recommended therapy Intensification (2nd line) Restrictions
min/1.73 m?)
61-62 [>60) Statins at standard doses (first- Add ezetimibe if LDL-C targets Fibrates only if TG >5.6 mmol/L;

line)

unmet or risk is high

avoid with high-dose statins

Statins (standard or reduced dose;

635-G3b (30-59) atorvastatin preferred)

Ezetimibe is the safest add-on
in CKD

Fibrates discouraged; avoid
combination with statins due to
myotoxicity risk
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Continuation of Table 2
CKD stage [eGFE mt/ Recommended therapy Intensification (2nd line) Restrictions
min/1.73 m?)
Statins at reduced doses (baseline | Best intensification: statin + F|prates contramdmat.ed
G4 (15-29) L (risk of rhabdomyolysis and
therapy) ezetimibe -
nephrotoxicity)
Ezstimibe allowed: PCSK9 Fibrates contraindicated.
65/ 65D Continue statin only if previously S ! - Evidence: starting statins in
S . inhibitors may be used for S :
(<15 or on dialysis) used; do not start a statin de novo " . dialysis patients showed no
additional LDL-C lowering benefit [4 12]

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; CKD, chronic kidney

disease; eGFR, estimated glomerular filtration

rate; LDL-C, low-density lipoprotein cholesterol; PCSK9,

proprotein convertase subtilisin/kexin type 9; TG, triglycerides.

Pharmacokinetic considerations of lipid-lowering
therapy in the setting of hypoalbuminemia and protein-
uria.

Beyond the limitations imposed by reduced re-
nal clearance at low eGFR, patients with significant
proteinuria and resultant hypoalbuminemia face an
additional pharmacokinetic concern. Lower serum
albumin increases the unbound fraction of highly pro-
tein-bound statins in the circulation. This elevation
in the active free fraction — independent of total drug
concentration — may heighten the risk of myotoxicity,
necessitating vigilant monitoring and cautious dose ti-
tration. Consequently, when selecting statin therapy,
particularly in the presence of reduced eGFR, prefer-
ence is often given to agents with minimal renal elimi-
nation, such as atorvastatin, to optimize both efficacy
and safety [52].

Monitoring the efficacy and safety of lipid-lower-
ing therapy

Lipid profiles should be reassessed 4-6 weeks af-
ter treatment initiation and subsequently every 6-12
months. Biochemical parameters (ALT, AST, CK) are
evaluated prior to therapy and thereafter as clinically
indicated. When adverse reactions are detected, dose
adjustment or substitution of the agent is required.

Emerging classes of lipid-lowering agents

Ongoing development of novel lipid-lowering ther-
apies has demonstrated substantial efficacy in achieving
aggressive LDL-C targets. Given that NS automatically
places patients in the category of very high cardiovascu-
lar risk, these innovative therapeutic options represent an
essential component of treatment intensification. Their
use is justified when the standard combination of a statin
with ezetimibe fails to achieve established LDL-C goals
(Table 3).

Table 3
New hypolipidemic agents and active research frontiers

Name of agent Mechanism of action Primary targetKey findings Status
Enlicitide S ) -
(MK-016] oral PCSK9 inhibitor: JLDL-C 47-60% Phase IIl (CORAL Reef Lipids)

- . . ) Phase Il
Lepodisiran SiRNA targeting Lp(a) dLp(a) ~94% (58]
CRISPR/Cas9 gene editing | durable modification JLDL-C/T6 ~50% Phase I/la (first-in-human)
Evinacumab, Vupanorsen | ANGPTL3 inhibitors ‘LANGPT.ITS; YLDLC/T6; evaluate_d Phase I/

for familial hypercholesterolemia [52]
. JApoC-IIl: $TG; for severe Phase Il (BALANCE)

Olezarsen ApoC-ltinhibitor hypertriglyceridemia and FCS; [53]
Obicetrapib CETP inhibitor LCETP; JLDLC 45% THDL:C 130% Phase Il [[EEOADWAY]

Abbreviations: ANGPTL3 — angiopoietin-like protein 3; ApoC-III — apolipoprotein C-111; CETP — cholesteryl ester transfer
protein; CRISPR/Cas9 — clustered regularly interspaced short palindromic repeats/CRISPR-associated protein
9; FCS — familial chylomicronemia syndrome; HDL-C — high-density lipoprotein cholesterol; LDL-C — low-
density lipoprotein cholesterol; Lp(a) — lipoprotein(a); PCSK9 — proprotein convertase subtilisin/kexin type 9;
siRNA — small interfering RNA; TG — triglycerides.

Monitoring the efficacy and safety of ongoing lipid-
lowering therapy. Lipid profiles should be reassessed
4-6 weeks after treatment initiation and subsequently
every 6-12 months. Biochemical parameters (ALT,

AST, CK) are evaluated before starting therapy and
thereafter as clinically indicated. If adverse reactions
occur, dose adjustment or replacement of the agent is
required [56].
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Emerging and investigational therapies. Emerging
and investigational therapies for dyslipidemia in NS are
rapidly evolving, aimed at addressing both the unique
pathophysiological mechanisms and the persistent
lipid abnormalities seen in this population. Traditional
therapies, such as statins, ezetimibe, and fibrates, often
provide incomplete lipid control, especially in patients
with refractory or severe dyslipidemia. As a result, inno-
vative agents targeting novel pathways are being actively
investigated.

Monoclonal antibodies against proprotein con-
vertase subtilisin/kexin type-9 (PCSK9), including
alirocumab and evolocumab, and the small interfering
RNA (siRNA) inclisiran, have shown significant re-
ductions in LDL-C, and early evidence suggests they
are safe and well-tolerated in nephrotic patients, even
those intolerant to statins. LDL apheresis continues to
be an effective intervention in drug-resistant cases, rap-
idly improving lipid profiles and offering benefits espe-
cially in those with focal segmental glomerulosclerosis
(FSGS). Furthermore, antisense oligonucleotides and
siRNAs such as pelacarsen, olpasiran, zerlasiran, and
lepodisiran are under investigation for the reduction of
lipoprotein(a), a particularly atherogenic lipoprotein
elevated in NS; pelacarsen and olpasiran are in phase 3
trials with promising early results [53, 57].

The emergence of oral inhibitors such as obice-
trapib, a cholesteryl ester transfer protein (CETP) in-
hibitor, represents another significant advancement.
Obicetrapib has demonstrated positive lipid-lowering
effects in early and ongoing late-stage trials, with the
potential to become a first-in-class oral CETP inhibitor
for clinical use. Additional novel targets, including an-
giopoietin-like protein-3 (inhibited by evinacumab and
zodasiran) and apolipoprotein C-IIT (ARO-APOC3,
volanesorsen, olezarsen), are in various phases of clini-
cal testing and hold promise for more comprehensive
lipid management in NS [1].

These advances, particularly those leveraging
monoclonal antibodies and RNA-targeted therapies,
are poised to transform the therapeutic landscape for
dyslipidemia in NS by offering individualized and
mechanistically targeted approaches [58].

Challenges, gaps, and future directions. The
management of dyslipidemia in NS faces consider-
able challenges, with persistent gaps in understanding
and treatment limiting optimal outcomes for many
patients. One major challenge is the inconsistent re-
lationship between lipid abnormalities and disease se-
verity, as lipid dysregulation does not always correlate
with the degree of proteinuria or serum albumin, lead-
ing to difficulties in risk stratification and personalized
therapy [12].

Current treatment options, including statins, fi-
brates, and ezetimibe, are hampered by inconsistent
efficacy within the nephrotic population and potential
adverse effects, such as nephrotoxicity and rhabdo-
myolysis. LDL apheresis offers benefits for refractory
cases but is limited by accessibility and cost, restricting

its broad application. The high relapse rate and steroid
resistance observed in adults further compound man-
agement difficulties, leaving a significant proportion
of patients at risk of cardiovascular complications and
progressive kidney disease [4].

Important knowledge gaps remain regarding the
long-term impact of chronic dyslipidemia on renal
and cardiovascular outcomes, as well as the effects of
emerging therapies in specific patient subgroups. There
is also limited guidance on integrating novel agents such
as PCSKD9 inhibitors, CETP inhibitors, and RNA-tar-
geted therapies into existing treatment protocols.

Future directions include elucidating the molecu-
lar drivers of dyslipidemia in NS, developing safe and
effective therapies tailored to individual risk profiles,
and refining monitoring strategies. Greater efforts are
needed for collaborative, multi-center trials to establish
evidence-based guidelines and identify optimal long-
term management pathways. Such advances, together
with the integration of novel biomarkers and personal-
ized approaches, hold promise for improving patient
outcomes.

Conclusions. Dyslipidemia in NS is a complex
metabolic disorder caused by profound dysregulation
of key enzymes and lipoprotein receptors, resulting
in a highly atherogenic lipid profile. This condition is
associated with a substantially increased risk of car-
diovascular complications and may contribute to pro-
gressive neuronal dysfunction through lipid-mediated
nephrotoxicity. Management of nephrotic dyslipidemia
should be comprehensive and risk-oriented. In patients
with severe or persistent nephrotic dyslipidemia, statin
monotherapy is frequently insufficient to achieve rec-
ommended lipid targets. In such cases, early treatment
intensification is recommended, including the addition
of ezetimibe or the use of PCSK9 inhibitors, particu-
larly in patients with refractory hypercholesterolemia
or high cardiovascular risk. Effective correction of lipid
abnormalities may facilitate remission of the underlying
renal disease, reduce proteinuria, and improve long-
term renal and cardiovascular outcomes.
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Abstract. Pediatric nephrotic syndrome (NS) presents significant diagnostic and prognostic
challenges in contemporary clinical practice. Despite advances in understanding disease
mechanisms, substantial gaps persist in risk stratification frameworks, standardized
diagnostic criteria for complex cases, and clinical implementation of novel biomarkers.

The present review aimed to critically evaluate current and emerging diagnostic approaches

fordetecting early kidney injuries in pediatric nephrotic syndrome, examining developmental
renal physiology, disease mechanisms, conventional marker limitations, novel biomarkers
and multi-marker strategies to provide evidence-based recommendations for improving
early detection and long-term outcomes in affected children.

The review summarizes current evidence on the clinical relevance of novel biomarkers
of kidney injury, including neutrophil gelatinase-associated lipocalin (NGAL), kidney
injury molecule-1 (KIM-1), liver-type fatty acid—binding protein (L-FABP), N-acetyl-
p-D-glucosaminidase, cystatin C, interleukin-18, and osteopontin. These biomarkers
reflect different pathophysiological mechanisms such as tubular injury, inflammation,
ischemia, oxidative stress, fibrosis and are able to detect subclinical renal damage before
a measurable decline in glomerular filtration rate occurs. Particular attention is given to
KIM-1, NGAL, and L-FABP as early indicators of tubular injury, as well as to osteopontin
as a marker associated with chronic inflammation and renal fibrotic remodeling. Available
data indicate that the combined use of several biomarkers improves early detection, risk
stratification and monitoring of disease course in children with nephrotic syndrome.

Keywords: pediatric nephrotic syndrome, biomarkers, risk stratification, diagnostic
challenges, children.
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CyuacHi 1ocgrHeHHs y OioMapkep-Opi€HTOBaHIi OLiHII YpasKeHHs HHPOK
y AiTel 3 He(DPOTUYHUM CHHIAPOMOM: OLJISALL JiTepaTypu

'"Hauionanbunii MeauuHuii yHisepeutet imeHi O.0. boromonbus, Kuis, Ykpaina
2JlepxaBHa ycTaHoBa «HanioHanbHMI HAyKOBUIA LIEHTp Xipyprii Ta Tpa”cIuianTosorii imeni O.0. IlaniMosa
HAMH ¥Yxkpainu», Kuis, Ykpaina
3SMiXHapogHUI LIEHTP aCTPOHOMIYHUX Ta MEAUKO-€KOJIoriuHuX nocaimkenr HAH Ykpainu

Pestome. Hegpomuunuii cundpom y dimeii cmanosumo 3HauHi 0iaeHOCMU4HI Ma NPOSHOCMUYHI MPYOHOWI V Cy-
yacHiil kKainiuniil npaxkmuui. Hezeadxcarouu Ha npoepec y po3yMiHHi MexXaHizmie 3aX80pH06anHs, 30epieatomocs Cymmesi
npoearunu y nioxodax do cmpamugikayii pusuky, cmanoapmu3zayii 0iaeHOCMU4HUX Kpumepiié y CKAAOHUX KAIHIYHUX
BUNAOKAX MA BNPOBAOICEHHI HOBUX bioMapKepie Y KAIHIYHY NPAKMUK).

Memor yboeo 02120y 0ya0 KpUMUHHO OUIHUMU CYHACHI MA NepcneKmuUeHi diaeHocmu4Hi nioxoou 0o 8UABAeHHS
PAHHBbO2O YUIKOONCEHHs HUPOK Y Oimell 3 He@hpomuuHuM CUHOPOMOM 3 YPAXY8aHHAM 0cobausocmeil 8ikoeoi ¢hizionoeii
HUPOK, namo2eHemu14HUX Mexaniamie 3axXe0pr8anHts, 00MediceHb mpaduyiiHux 1ab0pamopHux Mapkepise, a makoic poai
Ho8UX OioMapkepie [ MyabmumMapKepHux cmpameziil 3 Memor GopmyeanHs 00Ka308ux peKomeHoayit w000 NoKpaujeHHs
PaHHbOI DiacHOCMUKU ma 00820CMPOK0BUX pe3yabmamia y dimelil.

B oensdi yzaeanvneno cyuachi 0arni w000 KAiHiMHO20 3HAUEHHS HOBUX bDioMapkepie YulK0oO0dCeHHS HUPOK, 30KpemMa
HelimpoghinbHo20 HcearamuHnazo-acoyiilosarnoeo ainokaniny (NGAL), moaexyau yuikooxcenus nHupku-1 (KIM-1), neuin-
K06020 muny biaka, ujo 36°’13ye ycupi kucaomu (L-FABP), N-auemua- - D-eatokozaminioasu, yucmamuny C, inmep-
nelikiny- 18 ma ocmeononmuny. Lli biomapkepu gidobpascaroms pizHi namoghizionoeiuni Mmexanizmu, 8Kaouaro4u myoy-
JNSPHE YUKOONCeHHs, 3ananeH s, iulemilo, okcuoamusnuii cmpec i giopos, ma 30amHi euserssmu CyOKAiHIUHE YPAICEHHS
HUPOK 00 PO3BUMKY KAIHIYHO 3HAYYUL020 3HUNICEHHS WeUudKocmi Kayboukoeoi ginempauii. Ocobausy ysaey npudiseHo
NGAL, KIM-1 ma L-FABP, sk paunim mapkepam myoyasapHoeo YUKOOICeHHS, 4 MAKOIC OCIEeONOHMUHY K MapKepy,
Nn08’13aHOMY 3 XPOHIYHUM 3aNANeHHAM [ (IOpOMUUHUM PEeMOOeAOBAHHAM HUPKO0Boi mKanunu. Hasewi daui ceiduams,
o KomMOiHoBaHe BUKOPUCMAHHSA 0eKinbKoX Oiomapkepie nidguuye epekmueHicmo panHb020 BUAGAEHHS, cmpamuikayii

PUBUKY ma MOHIMOpuHey nepebicy HeghpomuuHoco cuHopomy y dimeil.
KmouoBi ciioBa: weppomuunuii cundpom, biomapkepu, cmpamupikayis pusuxy, 0iaeHoCmu4Hi 6UKAUKU, Oimu

Introduction. Nephrotic syndrome (NS) is the
most common primary glomerular disorder in child-
hood and remains a major contributor to kidney-related
morbidity worldwide. The global incidence of pediatric
nephrotic syndrome is estimated at approximately 2.9
cases per 100,000 children per year, with pronounced
geographic and ethnic variability. Higher incidence
rates have been reported among Asian populations,
reaching up to 6.1 per 100,000 children annually com-
pared with lower rates observed in North American
and European populations ranging from 2.1 to 2.4 per
100,000. These differences are thought to reflect a com-
bination of genetic predisposition, environmental fac-
tors and population-specific disease susceptibility [1].

Clinically NS is characterized by massive protein-
uria, hypoalbuminemia, generalized edema and hyper-
lipidemia resulting from disruption of the glomerular
filtration barrier. Beyond these defining features, af-
fected children are at increased risk of infectious com-

Ievgeniia Burlaka
evgbur1982@gmail.com

plications, thromboembolic events, dyslipidemia, im-
paired growth and development. The clinical course of
pediatric nephrotic syndrome is highly variable [1, 2].
While the majority of children initially respond to cor-
ticosteroid therapy and are defined as steroid-sensitive
nephrotic syndrome up to half experience frequent re-
lapses or develop steroid dependence, requiring pro-
longed or repeated exposure to immunosuppressive
medications. Approximately 10—15% of pediatric pa-
tients exhibit steroid-resistant nephrotic syndrome, a
form associated with a markedly increased risk of pro-
gression to chronic kidney disease (CKD) and eventual
end-stage kidney disease (ESRD) [3].

Traditionally, nephrotic syndrome has been clas-
sified and managed based on clinical presentation,
response to therapy, and histopathological findings.
However, growing evidence indicates that nephrotic
syndrome represents a group of biologically hetero-
geneous disorders rather than a single disease entity.
The identification of circulating anti-nephrin auto-
antibodies in a substantial proportion of children dur-
ing active disease has provided important insight into
immune-mediated mechanisms of podocyte injury [4].
Additional immunological studies have demonstrated
activation of inflammatory signaling pathways during
disease relapse, further reinforcing the concept of ne-
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phrotic syndrome as an immune-driven podocytopathy
with distinct biological subtypes [4, 5].

Despite advances in understanding disease mecha-
nisms, assessment of kidney function and injury in pe-
diatric NS continues to rely primarily on conventional
laboratory markers, including serum creatinine (S-Cr),
blood urea nitrogen (BUN) and estimated glomerular
filtration rate (eGFR) [6]. These markers have sig-
nificant limitations, particularly in children. Serum
creatinine is a late and insensitive indicator of kidney
injury, typically increasing only after substantial loss of
functional nephron mass. Its interpretation is further
complicated by factors intrinsic to nephrotic syndrome,
including age-related variability in muscle mass, altered
nutritional status, corticosteroid exposure, massive
proteinuria, hypoalbuminemia and fluctuations in in-
travascular volume. Consequently, early or subclinical
kidney injury may remain undetected using standard
laboratory assessments [5, 6].

Importantly, kidney involvement in nephrotic
syndrome extends beyond glomerular injury alone. Per-
sistent proteinuria, recurrent disease activity, hemody-
namic instability, infections, and exposure to poten-
tially nephrotoxic therapies contribute to tubular dam-
age, interstitial inflammation, and progressive fibrotic
remodeling [6]. Episodes of acute kidney injury may
occur during relapses or complications, while chronic
tubulointerstitial injury plays a critical role in long-term
renal outcome, particularly in frequently relapsing and
steroid-resistant forms of the disease. Conventional
functional markers are poorly suited to detect these
processes at an early and potentially reversible stage
[6, 7].

These limitations have driven increasing inter-
est in novel biomarkers capable of reflecting distinct
mechanisms of kidney injury, including tubular dam-
age, inflammation, cellular stress, and fibrogenesis.
Such biomarkers offer the potential to detect renal
injury before overt decline in glomerular filtration be-
comes apparent, to differentiate disease activity from
treatment-related nephrotoxicity, and to improve risk
stratification in vulnerable patient subgroups [8]. In pe-
diatric nephrotic syndrome, where long-term outcomes
are shaped by cumulative injury over years of disease
activity and treatment exposure, early identification of
kidney damage is of particular clinical importance [9].

In this context, the present review examines current
and emerging biomarkers of kidney injury in pediatric
NS, focusing on their biological relevance, diagnostic
potential and limitations. By integrating knowledge of
developmental renal physiology, disease mechanisms
and biomarker performance, this review aims to clarify
how novel approaches to kidney damage assessment
may improve early detection, guide clinical decision-
making and ultimately enhance long-term outcomes for
children with nephrotic syndrome.

Material and methods. This work represents a
review of current evidence regarding novel biomark-
ers of kidney injury in pediatric nephrotic syndrome.

A literature search was conducted in PubMed/MED-
LINE, Scopus, Web of Science and Google Scholar
covering publications from January 2020 to June 2025.
The search included the terms “pediatric nephrotic
syndrome,” “childhood nephrotic syndrome,” “bio-
markers,” “kidney injury,” “NGAL,” “KIM-1,” “L-
FABP,” “NAG,” “cystatin C,” “interleukin-18,” “os-
teopontin,” and “calcineurin inhibitor nephrotoxici-
ty.” Reference lists of selected articles were additionally
reviewed to identify relevant publications.

The search identified 129 records. After removal
of duplicates, 64 articles were screened by title and ab-
stract; 26 studies were included in the final analysis.
Eligible publications included original research articles,
systematic reviews and clinical guidelines addressing
biomarkers of kidney injury in children with nephrotic
syndrome. Case reports, conference abstracts without
full text, and non-English papers were excluded. Given
the heterogeneity of study designs and outcome mea-
sures, the findings are presented in a descriptive manner
without quantitative synthesis.

Aim. This narrative review aims to critically evalu-
ate current and emerging diagnostic approaches for de-
tecting kidney injuries in pediatric nephrotic syndrome,
examining developmental renal physiology, disease
mechanisms, conventional marker limitations, novel
biomarkers and multi-marker strategies to provide
evidence-based recommendations for improving early
detection and long-term outcomes in affected children.

Nephrotic syndrome: A basic overview. Nephrotic
syndrome is a kidney disorder characterized by four
cardinal features: massive proteinuria (protein loss in
urine), hypoalbuminemia (low blood albumin levels),
edema (tissue swelling), and hyperlipidemia (elevated
blood fats) [1-3]. The underlying problem involves
damage to the glomerular filtration barrier, specifically
the podocytes and their slit diaphragms, which normal-
ly prevent large proteins like albumin from leaking into
urine. When this barrier becomes compromised, exces-
sive protein loss occurs, typically exceeding 40 mg/m /
hour or presenting as a urine protein-to-creatinine ratio
above 200 mg/mmol in children [1].

The clinical manifestations follow a predictable
pathophysiological cascade. Heavy proteinuria depletes
serum albumin levels below 30 g/L, reducing plasma
oncotic pressure and allowing fluid to shift from blood
vessels into tissue spaces, causing edema [2]. The liver
responds to low albumin by increasing synthesis of li-
poproteins, resulting in hyperlipidemia. Additionally,
urinary loss of immunoglobulins and complement fac-
tors increases infection susceptibility, while loss of an-
tithrombin III and other coagulation factors elevates
thrombosis risk [1, 2, 4].

In children NS encompasses several histological
subtypes identifiable only through kidney biopsy. Mini-
mal change disease (MCD) accounts for 65-75% of
cases in younger children and shows no visible glomer-
ular abnormalities under light microscopy [1]. Focal
segmental glomerulosclerosis (FSGS) represents ap-
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proximately 25% of cases and displays scarring in some
glomeruli [2]. The distinction between steroid-sensitive
nephrotic syndrome (SSNS) which responds to corti-
costeroid therapy and steroid-resistant nephrotic syn-
drome (SRNS) has critical prognostic implications.
SRNS carrying substantially higher risk of progression
to chronic kidney disease and eventual kidney failure
(1,2, 5].

Basic representation of the main pathophysi-
ological processes underlying NS in children includes
structural and biophysical alterations of the glomerular
capillary wall, which constitute the primary pathogenic
mechanism of nephrotic syndrome. Injury to the glo-

merular filtration barrier increases permeability to plas-
ma proteins, leading to significant proteinuria. Ongoing
urinary protein loss reduces serum albumin levels and
results in hypoalbuminemia. The consequent decrease
in plasma oncotic pressure facilitates fluid movement
from the intravascular compartment into the intersti-
tial space, leading to edema. At the same time, reduced
albumin levels stimulate hepatic lipoprotein synthesis,
contributing to disordered lipid metabolism and hy-
perlipidemia. These mechanisms account for the main
clinical and laboratory features of nephrotic syndrome

(Fig. 1).

Structural and biophysical
change in glomerular
capillary wall
Increased
permeability to — Proteinuria
plasma proteins l
o : Decreased serum
Altered lipid metabolism bt
1 Hypoalbuminemia
Hyperlipidemia l
Accumulation of fluid Decreased colloid
in interstitial space osmotic pressure
Edema

Fig. 1. Pathophysiological mechanisms underlying the development and systemic manifestations of nephrotic syndrome.
The figure illustrates the cascade of events initiated by structural and biophysical alterations of the glomerular capillary wall.
Increased permeability of the glomerular filtration barrier to plasma proteins leads to significant proteinuria. Sustained urinary
protein loss results in decreased serum albumin levels and hypoalbuminemia.

Novel approaches in kidney damage evaluation in
nephrotic syndrome: A new look. In children with es-
tablished NS, worsening kidney function may represent
acute kidney injury from hemodynamic factors (hypo-
volemia, hypervolemia with heart failure) or compli-
cations (infection, thrombosis); medication-induced
nephrotoxicity; progression of underlying glomerular
disease to CKD; or development of a superimposed
kidney disease [1, 2, 5].

Traditional markers like serum creatinine and
eGFR provide limited ability to distinguish among
these scenarios. Novel biomarkers offer potential ad-
vantages. For instance, tubular injury markers (NGAL,
KIM-1, NAG) that rise acutely suggest acute tubular
damage from ischemia or toxins, whereas chronically
elevated concentrations may indicate ongoing tubu-

lar injury from proteinuria or medications. Glomeru-
lar markers (proteinuria patterns, podocyturia) reflect
disease activity at the glomerular level. Biomarkers of
fibrosis (urinary DKK3, certain microRNAs) may indi-
cate progressive fibrotic processes [6-9].

Children with frequently relapsing or steroid-de-
pendent NS often receive calcineurin inhibitors (cyclo-
sporine or tacrolimus) as steroid-sparing agents. While
effective in preventing relapses, these medications have
inherent nephrotoxic potential through both acute he-
modynamic effects (vasoconstriction, reduced GFR)
and chronic structural toxicity (tubulointerstitial fibro-
sis, arteriolopathy [10].

The challenge lies in distinguishing calcineurin
inhibitor nephrotoxicity from underlying nephrotic
syndrome progression, as both may present with ris-
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ing serum creatinine and declining eGFR. Kidney bi-
opsy remains the gold standard for diagnosis, showing
characteristic features of calcineurin inhibitor toxicity,
including arteriolopathy (hyaline arteriolosclerosis),
striped interstitial fibrosis, and tubular atrophy [9, 10].
However, a biopsy is invasive and not suitable for fre-
quent monitoring.

Novel biomarkers may help identify early neph-
rotoxicity and other clinical features of the NS course.
Validation of these biomarkers specifically in pediatric
NS presents a promising direction for non-invasive tox-
icity monitoring. Below, we discuss the main benefits of
the novel markers’ usage in NS.

Novel biomarkers of the kidney injury in ne-
phrotic syndrome. Recognition of the limitations of
conventional markers (serum creatinine, urea, and al-
buminuria) has stimulated intensive research into novel
biomarkers that capture distinct dimensions of kidney
injury and dysfunction, including glomerular filtration,
tubular damage, inflammation and cellular stress [4-6].

Cystatin _C. Cystatin C is a lowmolecularweight
protein produced by all nucleated cells and freely fil-
tered by the glomerulus. Then it is almost completely
reabsorbed and catabolized by proximal tubular cells.
Its serum concentration predominantly reflects GFR
and is less influenced by age, sex and muscle mass than
creatinine, meaning its high advantage [11]. Interest-
ingly, creatinine did not differ between preterm and
term children, whereas cystatin C was significantly
higher in preterm infants, indicating superior sensitivity
to subtle kidney dysfunction [12].

NGAL. NGAL is markedly upregulated in injured
tubular epithelial cells with urinary levels rising within
2-6 hours after renal insult, which is substantially earlier
than serum creatinine [4, 13]. A 2025 meta-analysis in
pediatric cardiac surgery patients showed excellent di-
agnostic performance with urinary NGAL sensitivity of
91.3% and specificity of 89.7% for postoperative AKI.
A urinary NGAL cutoff >125 ng/mL within 24 hours of
admission predicted AKI with 89% sensitivity and 78%
specificity. In pediatric NS, NGAL may help detect
acute injuries during NS exacerbations, identify calci-
neurin inhibitor nephrotoxicity, monitor proteinuria-
induced tubular injury and stratify progression risk.
However, its interpretation is limited by poor specific-
ity in inflammatory states, influence of heavy protein-
uria, age-related variability and the lack of standardized
cut-off values. The literature shows heterogeneous and
sometimes contradictory findings across NS subtypes
and treatment settings, with relatively few head-to-
head comparisons against other tubular biomarkers and
no clear consensus regarding its superiority [13].

KIMI1. KIM-1 has gained increasing attention
as a marker of tubular involvement in NS, reflecting
the growing understanding that tubulointerstitial in-
jury plays a key role in disease progression. Sustained
proteinuria leads to excessive protein reabsorption by
proximal tubular epithelial cells, resulting in oxida-
tive stress, inflammatory activation and cellular injury,

which in turn induces KIM-1 expression [14]. Elevated
urinary KIM-1 levels have been reported in patients
with NS, particularly in steroid-resistant forms and in
conditions such as focal segmental glomerulosclerosis,
where tubulointerstitial damage is more pronounced.
Several studies have demonstrated associations between
increased KIM-1 excretion and the severity of protein-
uria, extent of interstitial fibrosis and decline in renal
function. In pediatric nephrotic syndrome, elevated
urinary KIM-1 levels have been particularly observed in
steroid-resistant cases and in focal segmental glomeru-
losclerosis, reflecting more pronounced tubulointer-
stitial injury and correlating with proteinuria severity,
interstitial fibrosis and decline in renal function. These
changes often precede detectable changes in conven-
tional markers such as serum creatinine or estimated
glomerular filtration rate. However, its clinical utility
is limited by variability across studies, potential influ-
ence of active proteinuria on tubular expression, lack of
standardized values and limited comparisons with other
tubular biomarkers, resulting in heterogeneous findings
across NS populations [14-16].

LFABP. 1.-FABP is expressed in proximal tubular
epithelial cells and released into the urine in response
to hypoxia, oxidative stress and intracellular lipid ac-
cumulation. Its expression reflects tubular metabolic
stress and impaired fatty acid handling. In NS, per-
sistent proteinuria promotes tubular lipid overload
and oxidative injury, creating conditions that favor
increased urinary excretion of L-FABP [17]. Experi-
mental and clinical observations suggest that L-FABP
levels rise in response to proteinuria-associated lipo-
toxicity, calcineurin inhibitor-related tubular toxicity
and ischemic injury during episodes of hemodynamic
instability. Elevated L-FABP in nephrotic syndrome
may serve as an early marker of tubular involvement
and ongoing renal injury, preceding measurable de-
clines in glomerular filtration. However, there is a lack
of data in pediatric patients with NS, raising a high
demand for studies [18].

NAG. NAG is a lysosomal enzyme abundant in
proximal tubules and is released into urine upon tubu-
lar cell injury. Urinary NAG can be elevated even when
GFR and serum creatinine remain within normal lim-
its. In nephrotic syndrome, chronic heavy proteinuria
drives tubular uptake of filtered proteins, promoting tu-
bular damage and interstitial fibrosis. Elevated urinary
NAG may therefore identify children at risk of progres-
sive tubulointerstitial injury despite adequate control
of proteinuria [19]. In pediatric nephrotic syndrome,
urinary NAG may increase even when GFR and serum
creatinine remain normal, reflecting proteinuria-driv-
en tubular stress and early tubulointerstitial damage.
However, its specificity is limited by elevations in vari-
ous renal and systemic conditions, lack of standardized
pediatric reference ranges and inconsistent associations
with long-term outcomes, with relatively few compari-
sons against other tubular biomarkers and heteroge-
neous findings across NS cohorts [2, 8, 19].
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Interleukinl8 (IL18). 1L-18 is a pro-inflammatory
cytokine produced primarily by distal tubular epithe-
lial cells and is upregulated in response to ischemic
and inflammatory injury of the renal tubules. Increased
urinary IL-18 levels have been described in acute tu-
bular necrosis and reflect ongoing inflammatory dam-
age within the kidney [20]. These findings support the
potential value of IL-18 as an early marker of inflam-
matory tubular injury in pediatric nephrotic syndrome,
particularly in settings of active disease and heightened
intrarenal inflammation. However, its clinical applica-
bility is limited by low specificity due to elevations in
systemic inflammatory states, variability across studies
and NS subtypes, and lack of standardized pediatric
thresholds [20, 21].

Osteopontin. Osteopontin is a multifunctional gly-
coprotein involved in inflammatory signaling, immune
cell recruitment6 tissue remodeling. This marker is
expressed in several renal cell types, including tubular

epithelial cells and infiltrating macrophages [22]. In
NS, its expression increases in response to persistent
proteinuria, tubular stress, and interstitial inflamma-
tion. Elevated osteopontin levels have been observed in
association with tubulointerstitial injury, macrophage
infiltration and progression of renal fibrosis. Clinical
studies have shown correlations between urinary or tis-
sue osteopontin levels and disease severity, degree of
proteinuria and decline in renal function. Elevated os-
teopontin levels in pediatric nephrotic syndrome have
been associated with tubulointerstitial injury, macro-
phage infiltration and progressive renal fibrosis, cor-
relating with proteinuria severity and decline in renal
function. However, its clinical utility is limited by vari-
able findings across studies and the influence of concur-
rent inflammatory conditions [22].

In Table 1, we present a summary of the diagnostic
values of traditional and novel markers of kidney dam-
age in nephrotic syndrome.

Table 1

Comparison of traditional vs. novel kidney injury biomarkers in pediatric nephrotic syndrome:
Strengths and limitations

Characteristic Traditional Markers Novel Biomarkers
« Serum creatinine (SCr) — Tubular injury markers: NGAL, KIM-1, NAG
Examples * Blood urea nitrogen (BUN) — Glomerular markers: Podocyturia, proteinuria
* Estimated GFR (eGFR) patterns
Detection Timin * Delayed indicator SCr rises 48-72 hours | — Early detection
g after GFR declines by ~50% — Can identify injury before GFR decline
e Low sensitivity for early kidney | — High sensitivity for subclinical tubular and
Sensitivity :
dysfunction glomerular damage
— Can differentiate:
e e Cannot distinguish between different — B t“b“'af njury vs phromc T
Specificity — Glomerular disease activity

causes of kidney dysfunction

— Fibrotic progression
— Medication toxicity

¢ Muscle mass variation

* Age and growth patterns
* Nutritional status

* Corticosteroid effects

* Fluid retention/depletion
* Hypoalbuminemia

Confounding Factors

— Less affected by muscle mass and fluid status
— Provide compartment-specific information

Primarily urine (non-invasive, serial monitoring

Sample Type Blood (serum) it
* Established reference ranges — Identifies subclinical injury
* Widely available — Distinguishes disease mechanisms
Clinical Utility * Standardized measurement — Monitors medication toxicity
e Good for monitoring advanced kidney | — Predicts disease progression
disease — Guides treatment decisions
« Cannot localize injury site (glomerular vs | — Limited standardization
tubular) — Variable reference ranges in children
Limitations e Poor for distinguishing acute from | — Need validation in pediatric NS populations

chronic injury
* Cannot identify specific nephrotoxicity

— Not widely available clinically
— Cost considerations
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Continuation of Table 1
Characteristic Traditional Markers Novel Biomarkers

* Standard monitoring

Role in NS Management kidney dysfunction

of established

— Potential for:

— Early intervention before irreversible damage

— Personalized treatment strategies

— Non-invasive  monitoring  of
inhibitor toxicity

— Risk stratification

calcineurin

Current Status e Clinical standard of care

— Research and emerging clinical applications;
requires further validation

Discussion. Pediatric NS represents a clinically
and biologically heterogeneous condition in which
conventional markers of kidney function inadequately
reflect the complexity and dynamics of renal injury [1].
Serum creatinine, blood urea nitrogen and estimated
glomerular filtration rate remain a routine clinical as-
sessment. Their diagnostic and prognostic values in
children with NS are fundamentally limited. These
parameters rise only after substantial nephron loss and
are influenced by age, muscle mass, hydration status,
nutritional state and corticosteroid exposure. Conse-
quently, clinically significant kidney injury may remain
undetected for prolonged periods [1, 2].

Accumulating findings indicate that renal involve-
ment in NS is more complex than isolated glomerular
barrier dysfunction and includes early and progressive
tubular injury, inflammatory activation and fibrotic re-
modeling [3]. Recent advances in disease biology, in-
cluding the identification of anti-nephrin autoantibod-
ies during active disease and transcriptomic signatures
of inflammatory pathway activation, have changed
the current understanding of nephrotic syndrome as
an immune-mediated disorder with distinct molecu-
lar subtypes rather than an isolated clinical condition.
These insights support the concept that children with
NS follow divergent biological trajectories, underscor-
ing the need for diagnostic tools capable of capturing
mechanism-specific kidney injury [3, 4].

Within this framework, novel biomarkers provide a
major advantage by enabling compartment-specific as-
sessment of renal damage. Tubular injury markers such
as NGAL, KIM-1, NAG, liver-type fatty acid-binding
protein and IL-18 rise early in response to ischemic,
toxic, or inflammatory tubular stress, often preceding
detectable changes in glomerular filtration [5-8]. This
early responsiveness makes them particularly valuable
for identifying subclinical kidney injury during disease
relapse, hypovolemia, infection, or exposure to neph-
rotoxic agents. In contrast, glomerular markers, includ-
ing proteinuria patterns and podocyturia, reflect disease
activity at the filtration barrier level. At the same time,
fibrosis-associated biomarkers such as osteopontin
provide insight into chronic structural remodeling and
long-term prognosis [7, 22].

One of the most clinically relevant applications
of these biomarkers is the monitoring of calcineu-

rin inhibitor therapy. Calcineurin inhibitors remain a
cornerstone in the management of steroid-dependent
and steroid-resistant nephrotic syndrome. However,
their nephrotoxic potential presents a major therapeu-
tic challenge [23]. Conventional laboratory tests can-
not reliably distinguish calcineurin inhibitor-induced
nephrotoxicity from disease progression, frequently re-
sulting in delayed dose modification or reliance on in-
vasive kidney biopsy. Emerging evidence suggests that
increases in urinary NGAL, KIM-1 and osteopontin
may precede functional decline, indicating early tubu-
lar injury and offering a non-invasive strategy for safer
long-term immunosuppressive management [13-15].

Besides injury detection, novel biomarkers may
play a pivotal role in risk stratification. Children with
early-onset disease, frequent relapses, steroid resistance
or prolonged exposure to nephrotoxic therapies repre-
sent a subgroup at particularly high risk for CKD [24].
In such patients, isolated measurements of serum cre-
atinine provide limited prognostic information. Lon-
gitudinal assessment of biomarker profiles may allow
identification of progressive injury patterns before irre-
versible fibrosis develops. This, in turn, enables earlier
intervention and individualized monitoring strategies
[25].

Despite these promising developments, significant
gaps in clinical implementation persist. Most novel bio-
markers lack standardized pediatric reference ranges,
and inter-assay variability limits comparability across
studies. Many assays remain confined to research set-
tings, and cost considerations may restrict access, par-
ticularly in resource-limited healthcare systems. More-
over, much of the current evidence is derived from small
or heterogeneous cohorts, highlighting the need for
large, prospective, pediatric-specific validation studies.

In Figure 2, we demonstrate the potential role
of novel biomarkers in complementing conventional
measures of kidney function. Traditional markers (se-
rum creatinine, blood urea nitrogen, estimated glo-
merular filtration rate) primarily reflect established
functional decline. In contrast, tubular injury mark-
ers (NGAL, KIM-1, NAG, L-FABP), inflammatory
mediators (IL-18) and fibrosis-associated markers
(osteopontin) provide compartment-specific informa-
tion and may detect subclinical renal injury at earlier
stages. Integration of these biomarkers into longitudi-
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nal patient monitoring may support early identifica-
tion of kidney injury, differentiation between disease
activity and drug-induced nephrotoxicity, assessment
of progression risk and individualized therapeutic de-

cision-making. These data emphasize the importance
of a multimarker approach aimed at improving the
precision and timing of clinical interventions in chil-
dren with nephrotic syndrome.

— NS

Classic markers

- Serum creatinine

- Blood urea nitrogen

- Estimated glomerular filtration rate

—

Rise only after

substantial nephron loss

influenced by age, muscle mass,
hydration status, nutritional state and
corticosteroid exposure

- Renal involvement in nephrotic syndrome
includes early and progressive tubular injury,
inflammatory activation, and fibrotic

remodeling

Need for diagnostic tools capable of
capturing mechanism-specific kidne

injury

[ Challenges

<

Advantages of novel biomarkers

Compartment-specific assessment of renal damage

- Tubular injury markers: neutrophil gelatinase-associated lipocalin (NGAL),
kidney injury molecule-1 (KIM-1), N-acetyl-B-D-glucosaminidase (NAG),

liver-type fatty acid-binding protein

- Ischemic, toxic or inflammatory tubular stress (Interleukin-18)

Fig. 2. Paradigm of the novel biomarkers input in NS diagnostics. The model presents a multimarker approach
of the functional, tubular, inflammatory and fibrosis-associated parameters evaluation in NS.

Future research should prioritize the establishment
of age-adjusted reference values, validation of multi-
marker panels in well-defined NS phenotypes and eval-
uation of biomarker-guided clinical strategies in pro-
spective studies. Integration of biomarker findings with
clinical characteristics and genetic background may
support more accurate risk assessment and improved
long-term outcomes for children with NS.
Conclusions:

Pediatric nephrotic syndrome is a clinically
heterogeneous condition in which traditional
indicators of kidney function, such as serum
creatinine and estimated glomerular filtration rate,
may not detect early renal injury.

Biomarkers including NGAL, KIM-1, L-FABP,
NAG, IL-18 and osteopontin reflect tubular injury,
inflammatory activity and early fibrotic changes
before measurable reduction in glomerular filtration
occurs and may have high clinical significance in NS.
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Abstract. This article discusses the significance of microRNAs (miRNAs) as biomarkers
of kidney injury in onconephrology patients, including individuals with renal cell
carcinoma (RCC), metastatic kidney involvement, and patients receiving chemotherapy,
targeted therapy, or immunotherapy. The aim of the study was to summarise current
evidence on miRNAs as biomarkers of kidney damage in oncology patients. Based on a
review of publications from 2020 to 2025, we analysed the association between miRNA
profiles and key mechanisms of renal injury. Specific groups of miRNAs associated with
acute kidney injury (AKI), progression of chronic kidney disease (CKD), nephrotoxicity
(particularly related to cisplatin, targeted agents, and immunotherapy), as well as tumour
activity and the RCC microenvironment were identified. We also outline the potential
utility of miRNA assessment in cancer patients after kidney transplantation for predicting
allograft dysfunction, assessing the risk of RCC recurrence in the transplanted kidney,
and differentiating between rejection and recurrence of the primary disease. The clinical
relevance of miRNA ftesting is highlighted, including non-invasive diagnostic markers
(urine/plasma), evaluation of tumour prognosis and aggressiveness, and prediction of
response to anti-VEGF therapy and immunotherapy. Finally, we discuss the prospects
of developing multimarker stress-indicator miRNA panels for early AKI detection, CKD
progression risk stratification, nephrotoxicity monitoring, and optimisation of management
in onconephrology patients.

Keywords: miRNA, biomarkers, stress, kidney damage, onconephrology patients.
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JI.B. Kopoan!, M.O. Koaecuuxl, I.B. I1ly6a2

MikpoPHK — 0iomapkepu NomkoIKeHHsA HUPOK Y OHKOHE(MPOJIOTiYHMX
MAIiECHTIB
ITepxaBHa yctaHOBa « HallioHAJIBHUI HAYKOBUIA LIEHTP Xipypril Ta TPaHCIUIAHTOJIOTI]
imeni O.0. HIanimoBa HAMH Yxpainu», Kuis, Ykpaina
2HapyaJlbHO-HAyKOBHI1 IHCTUTYT BUCOKUX TeXHOJIOTi KMiBCHKOro HalliOHAJILHOTO YHIBEPCUTETY
imeni Tapaca llleBuenka, KuiB, Ykpaina

Pestome. V cmammi pozeasinymo 3nauenns mikpoPHK s 6iomapkepie noukooxiceHHs HUPOK 6 OHKOHeghpoaoeiu-
HUX nayieHmie — xX@opux i3 HUpKoeo-kaimunnoio kapyuromoro (HKK), memacmamuunum ypasxcenHam HUpoK, a maxoic
nauienmie, ki ompumyroms ximiomepanito, mapeemuny ma imyHomepanito. Memoro cmammi € y3aeanbHeHHs CY4ACHUX
danux wodo mikpoPHK sk biomapkepie noukodicernHs HUPOK 6 OHKO0A02IMHUX nayichmie. Ha ocnoei oeasdy nybaikauyiii
2020—-2025 pp. npoananizoearo 36 ’a30k npoginto mikpoPHK i3 karouoeumu mexaniamamu nowKooxicenHs HUpoK. Budi-
aero epynu mikpoPHK, acouiiioeani 3 2ocmpum nouiko0xceHHAM HUPOK, NPO2PeCyB8aAHHAM XPOHIUHOI X80p0OOU HUPOK, He-
@pomokcuunicmro (30Kpema YUChAGMUHY, mapeemuoi mepanii ma iMyHomepanii), a MaKoic NyXAuHHOK AKMUGHICIMIO
ma mikpoomouennusm HKK. Okpecneno moxcausocmi euxopucmarnus eusHavenns mikpoPHK y onkonayicumie nicas
MPAaHcnAGHMAYii HUPKU 051 NPOCHO3YBAHHS (hOPMYBAHHS OucYHKUIT mpancnaaumama, oyinku pusuxy peuuougy HKK
Y MPAHCHAAHMOBAHIT HUpUi ma ougepeHyiayii 6i0mopeHerHs il peyudusy nepeuHHo20 3axe80proeants. Pozeisnymo kai-
HiYHY 3HauuMicmb eusHavenHs MikpoPHK: be3bionciiini diaenocmuuni mapkepu (ceua/niasma), ouika npoeHo3y ma
aepecusHocmi nyxauHu, npoeHo3 8ionosioi Ha anmu-VEGF-mepanito ma imynomepanito. Ob2o6opeHo nepchekmueu
CMBOPEHHS [l BUKOPUCMAHHA MYAbMUMAPKEPHUX «cmpec-iHOuKamopHux» nauneneil mikpoPHK das pannvoeo eusenenns
20CmMpo2o NOWKO00JCeHHs. HUpOK, cmpamugikayii pusuky npoepecysanus XXH, monimopuney negppomokcuunocmi ma
onmumizauii 6edeHHs1 OHKOHePON02IYHUX NAUIEHMIE.

Kmouosi cioBa: mixkpoPHK, 6iomapkepu, cmpec, noukooxiceHHs: HUPKU, OHKOHeQPOA02IMHI nayicHmu.

Beryn. JliarHocTMKa OHKOJIOTIYHO OGYMOBIIE-
HUX TIOIMIKOMXEHh HHPOK a00 ypaXeHb BHACIIIOK
3aCTOCYBaHHS IPOTUITYXJIMHHOI Tepallii € CKJIaJHOIO
KJIIHIYHOIO TIpoOJjieMoro. 3a JaHWUMM emigeMionoriu-
HUX JOCIiIKeHb, 10 30 % OHKOXBOpUX MAIOTh O3HAKU
rOCTPOro abo XpPOHIYHOrO MOLIKOMKEHHS HUPOK i
yac JiKyBaHHS, y 25—30% mNali€eHTiB, SIKi OTPUMYIOTh
XiMio- abo TapreTHy Teparlilo, AiarHOCTYIOThCS IMPO-
s1BU He(poToKCcUUHOCTI. [TopyiieHHsT pyHKIIiT HUPpOK
€ OJHMUM i3 HAWyacTilllMX YCKJIaIHEHb y MAalli€EHTIB 3
onkomnarosorieio [1]. [IpuunHamu 11boro € HepPOTOK-
CUYHICTh XiMiOoTepaneBTUYHMX 3ac00iB (LIMCIJIATUH,
idocdamin, MeToTpekcar), TapreTHUX Mperaparis (iH-
rioitopu VEGF, iHTi6iTOpY THPO3WMHKIHA3M) T IMyHO-
Tepariii, a TAKOX BTOPUHHI MeTa0OoJIiuHi 1 TiIMMOKCUYHI
ypaXeHHsS, 3yMOBJICHI MyXJIMHHUM IIPOIIECOM, pamio-
JIOTIYHUMH METOOWKAMHU MiaTHOCTUKM i3 3aCTOCYBaH-
HSIM KOHTPACTHUX PEYOBHMH Ta XipypriTHUM BTpPydJaH-
HsaM. Lle moTrpedye YyTAMBUX i HEIHBAa3UBHUX METO/IiB
MIaTHOCTUKM ITOIIKOIKCHHS HUPOK, 3YMOBIICHOTO SIK
caMUMU TYXJIMHHAMHU IIpollecaMM, TaK i IPOTHITYX-
JIMHHAM BTPYYaHHSIM.

Jleca Kopoasb
lesyakorol@meta.ua

TpamuuiitHi K1iHIKO-1a00paTOpHi MapKepu 4acTo
JIaI0Th 3aMi3HiJIi CUTHAIM, BimoOpaxadu BxXe PO3BU-
HyTi Mop}po]yHKITIOHATbHI 3MiHN, pearyiodu JIUIIe
miciist BTpat moHan 50% HedpoHiB. Y LIbOMY KOHTEK-
CTi MEpCIIEKTUBHUMU MOXKYTh cTaTu MiKpoPHK — ki1ac
HEBEJNKUX (TOBXWHOIO ~22 HYKJICOTUIIB) HEKOIYIO-
yux Mojiekyan PHK, 110 perynooTh micasaTpaHCKPUIT-
HiiHy excrpecito reHiB. MikpoPHK e mepcnekTuBHu-
MU HEiHBa3MBHUMU OiomMapKepamu, 110 LUMPKYJIIOIOTh
y I1a3Mi, cedi abo eKCTparoBaHi 3 €K30COM/eKCTpa-
HEeAYJSIpHUX Be3UKyd. BoHu cTabiabHi B 0iog0oriyHUX
pimvHax, 30KpeMa B IIa3Mi Ta cedi, 110 POOUTH iX
iTeaTbHUMM KaHAWAATaMU IS HEiHBa3MBHOTO MOHI-
TOPUHTY OpraHHUX MolKomKeHb. MikpoPHK moxyTh
BimoOpaxkaTh MOJICKYISIPHiI 3MiHHM, IIOB’S3aHi 3 TO-
IIKOIKCHHAM HHPKOBHMX KILTHUH (TYOYJISIpHUX, TJIO-
MEpPYJSpHUX), 3amnajJeHHsSIM, aromnTo3oM, (idpo3om,
BifirpaloTh BUpillaJibHY pOJib y 6araTboX KJIiTUHHUX Ta
dizionmoriyHuX mpoiecax, TaKUX SIK KJIITUHHUMN LUK,
picT, mpoJidepallis, amonTo3 Ta MeTabo0JIi3M, a TAKOX
BasKJIMBI JUTSI ITATPUMKY TOMEOCTA3y HUPOK [2].

OcTaHHE OeCATUPIYIS XapaKTePU3YEThCS IIIBUI-
KMM PO3BUTKOM HampsMKy pimmHHOi Oiomcii (liquid
biopsy) — aHali3y MOJEKYISIPHUX KOMIIOHCHTIB ¥y
biooTiyHMX pimmHax (KpoB, ceda, IIa3Ma, CHUpOBaT-
Kka). OcobnmBe Micile cepell HUX IOCImaloTh caMe Mi-
kpoPHK, KoTpi BUKOHYIOTh POJIb TaK 3BaHUX <«MO-
JIEKYJISIPHUX TIEPEMUKAYIB», 3B’SI3yIOUYNCH i3 MillleHEe-
BumMu marpuusgmu MPHK i 3MiHIOIOTH CTaGiIbHICTH
a00 TpaHCHULiI0 BiAMOBIAHUX TpaHCKpUMNTIB. Takum
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YUHOM, BOHU MPSIMO BIUIMBAIOTh Ha KJIFOUOBI LLISXU
KJIITUHHOI BiAMOBii Ha CTpec, 3amajJieHHs, arnomnTo3
Ta peMOJICJIIOBAHHS TKAHUH, CaME Ha Ti MPOILIECH, 10
JIeXXaTh B OCHOBI HE(POTOKCUYHOCTI Ta TMATOTE€HE3y
nyxJauHHUX mpouecis. [eski MikpoPHK nemoHcTpy-
I0Th TKaHUHO-cIeludiyHy abo maTosoriyHo aude-
peHLiiloBaHy eKCIpecito (HanmpuKiaa, B eriTeaii HUp-
KOBUX KAaHAJIbLiB YU B KJIIITUHAX HUPKOBO-KJITUHHOI
kapuuHoMu — HKK), Tomy ix HasiBHIiCTb i piBHi y 6i0-
JIOTIYHUX pigrHaxX (KpoB, ceuya) MOXYTb OyTH iHDOp-
MaTUBHUMM TSI PAHHBOTO BUSIBJIEHHS MOIUIKOAXKEHHS
HUPOK i XapaKTepUCTUKU HOTro eTiojorii (cTpecosa,
TOKCHYHA, MyXJIMHHA YU iMyHHa) [3].

MeTta [aHOTO OLMISIAY — CUCTEMATU3YBaTH CY-
yacHi gaHi momao MikpoPHK, po3risiHyTu ix ydyacTts y
peastizallii MexaHi3MiB MOIIKOMXEHHS HUPOK, TpUIaT-
HICTh JJI1 KOHTPOJIO HEe(MPOTOKCUYHOCTI 3aCTOCOBA-
HOTO JIiKyBaHHSI Ta OKPECIUTU MNEPCIEKTUBU iX BIPO-
BaIl>KEHHS Y KJTIHIYHY IPAKTUKY BeIeHHSI OHKOHE(dpo-
JIOTIYHMX MAI[i€HTIB.

Mertono.oris momyKy i BinGopy mxepen. Ipo-
BeIeHO CHCTeMaTH30BaHUII momyk y PubMed/
PMC, Scopus, Web of Science, a TakoX y penecH-
30BaHUX XypHamax Ta 0a3zax manux (2020—2025).
Kuouosi cioBa: ‘biomarkers’, ‘renal stress’, ‘kidney
damage’, ‘oncological patients’, ‘nephrotoxicity
biomarkers’, ‘miRNA’ ‘immune checkpoint inhibitors
nephrotoxicity’, ‘cisplatin nephrotoxicity’. Bxitoue-

HO OTJISIIM, CUCTEMATUYHi OTJISIU, PaHAOMi30BaHi Ta
KOTOPTHi JOCJiI>)KeHHSs, TIPiOpUTET HaJaHO poboTam 3
SIBHOIO KJTiIHIYHOIO 3HAYMMICTIO.

OCHOBHA YaCTHHA. AHAJIi3 Cy4YaCHUX TOCIiIKeHb
cBimunTh, mwo MikpoPHK mupoko excrpecyroTbcs B
pi3HUX CTPYKTYpax HUpKH [4]. Y malieHTiB 3 OHKOJIO-
TFYHUMU 3aXBOPIOBAHHSIMU Ta 32 YMOB 3aCTOCYBAaHHS
He(PPOTOKCUYHUX 3aC00iB MOXE BUHUKATUA OMTHOYACHO
SIK TIyXJIMHO 3YMOBJIEHE YpaK€HHS HUPKOBOI MapeH-
XiMH, TaK i iHIyKOBaHE MPOTUMYXJIMHHOIO Tepami€o
MOIUKOJKEeHHS, 3anajabHi a00 cyarHHi 3MiHu. Lli pak-
TOPU CTBOPIOIOTh YMOBU I «HUPKOBOTO CTpPECY» Ta
MOIIKOXKEHHSI HUPOK (TOCTPOTrO YU XPOHIYHOTO TUTTY)
[1-4].

Mikpo-PHK Ta ctpec. Ctpecosi ctanu (imemisi-
peniepdyais, okcupatupHuii ctpec (OC), anonTto3s, 3a-
MaJeHHsI) MPU3BOASATH A0 MOIIKOIXEHHS KaHAJIbIiB
Hupku. MikpoPHK, 1110 peryooTs i LUIsXU, € Map-
KepaMy aKTUBHOCTiI LUX MPOIECIB Ta NOTEHLIHUMU
TepaneBTUYHUMU MillleHsIMU [2, 4], a BUSIBJICHHSI iX Y
0i0JIOriYHUX piTluHAX MOXe OYyTU MapKepoM arorTo3y,
HeKpo3y, pidpo3sy Ta 3anajneHHs [5, 6] a00 3yMOBJIEHO
CTPECOBMMM DeaklissMU Ta iHIIMMU Tipouiecamu [7].
HekpoTruHa ab0 anmonToTUYHA 3arubenb KJIiTUH, Ha-
SIBHICTb 3aMaJIeHHs, KIITUHHUI CTpeC Ta TinepakTUB-
HiCTh OKCUJATUBHUX MPOILIECIB TPU3BOISATH JO BUBiIb-
HeHHs MikpoPHK y GiosioriuHi pinuHu (y KpoB, ceuy)
[8, 9] (Taba.1) .

Tabauys 1
MikpoPHK, mio acomniiioBaHi 3 «<HHPKOBUM» CTPECOM Ta HOro HACJiIKAMH Y OHKOHE(POJIOTiYHUX XBOPUX
Mikpo T .

PHK Cepenosuie XapakTtepucTtuka 3acTocyBaHHS B KNiHiYHiK npakTuui | [xepeno
MikpoPHK, acouiitoBaHi 3 BianoBiaAK Ha TOKCUYHKIA CTPEC, LLO € K/HOYOBUM MEXaHi3MOM NOLUKOAKEHHS HUPOK, CNPUYMHEHOO
NPOTUNYX/IUHHOIO TEepanieo .
miR-192-5p 1a | Ceya, nnasma | Mapkepy CTPYKTYPHOIO MOLUKOKEHHS HAPKOBYX | LLIBuaka nosisa B ceyi (Bnpoaosx rogmu) € | [2, 5, 6]
miR-30c-5p: KaHanbLLiB. BILMOBIM/t0 HA FOCTPUIN TOKCUYHWI CTPEC.

miR-192-5p excnpecyeTbcs B MPOKCUMANbHUX Ty ceui y Monensix ToKCH4HOro
KaHanbLsx, peryntoe OC, KNiTMHHY nponidepaLito, | NOLIKOAXEHHS! HUPOK.
anonTo3 Ta 3anasnbHi peakLii.
miR-205-5p CupoBatka Bnnmeae Ha 3>-UTR dakTopa pocTy cyanHHoro | Haibinblu ctabinbHo 3MiHeHa MikpoPHK 3a [10]
exporenito A (VEGFA), HeratvsHo perynioe HePOTOKCUYHOCTI.
ekcnpecito VEGFA B niHiax knitud HKK.
miR204 Ceva Mapkep TokcuyHoro ctpecy Ta OC. Ty cevi y pa3i TOKCMYHOMO NOLLKOAXEHHS [11]
HWPOK.
miR24 Mnasma, ceya, | Mapkep TokcuyHoro ctpecy Ta OC, iHoykye Ty pas3i rocTporo NOLKOAKEHHS HUPOK [12]
TKaH1Ha anonTos eHaoTenianbHUX i TyBYNSpHUX KNITUH. (TMH), sinoBpaxae cTyniHb anonTosy,
TOKCUYHOrO CTpecy
miR-126 Mna3sma, ceya | Moxe migTi K OHKOreH abo Cynpecop myxmuH. | Y nnaami piseHb 4 3a iLeMiyHoro Ta [13]
BoHa BNMBaE Ha CyamHN NyXauH, iHBasIk, umennaTuH-inaykoeaHoro IMH, HKK,
METaCTa3yBaHHS, @ TaKOX Ha CTIMKICTb 0 MiKiB | TOKCMYHOO TYBYAApHOrO HEKPO3Yy, a Y cevi
Ta anonTos. 1 miR-126 € paHHiM MapkepoM TyBynsIpHO-
EHAOTENIANBHOMO NOLLKOAKEHHS
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IIpoodosicenns mabauyi 1

Mikpo

TGF-p.

PHK Cepenosuie XapakTepucTuka 3acTocyBaHHs B KniHiyHii npaktuui | [xepeno
MikpoPHK, noe'a3aHi 3 BignoBigato Ha nowkomxexHs [AHK Ta anontos.
miR-34a Cevya, TKaHMHa | € KIIH04OBOIO MiLLIEHHIO ANS binka ph3, PieHb miR-34a T y Bianogiab Ha [14]
li T BKasye Ha akTVBALiIO MeXaHiaMiB BIANOBIAi | noLWKOmKeHHs IHK .
Ha reHOTOKCUYHMIA CTPEC.
miR-192-5p Ceya, TkaHMHa | MoB'93aHa 3 Gibpa30M, peryntoe BinnoBiab Ha 1 piBHst € iHankaTopoM DiBPO3y. [2,5,6]

XimioTepanieto .

MikpoPHK, acouiitoBaHi 3 OC Ta MiTOXOHAPiaNbHO AUCHYHKLIEID, KOTPi € KHOYOBNUM MEXaHI3MOM NOLIKOLKEHHS HUPOK, CIPUYUHEHOTO

miR-335-5p Ta | Ceyva, nnasma | [OTEHLiHI PerynsTopy MITOXOHA pianbHO Y nnaami ¥ yepes enpoTenianbHe [2,6]
miR-489 yHKLi Ta OC B HUPKOBUX KAiTMHaX. MIR-489 YPaXKEHHS, 3HWKEHHS eKCMPECT B HUPKOBIl
€ MITOXOHAPIanbHO-YyTNBOI Ta CTPeC- TKaHWHI, CUCTEMHWI CTpec, a Y cevi - T 3a
iHAykoBaHOI MiKpOPHK.. Mna3MoBuit piBeHb YMOB Ty6YNgpHOr0 NOLLKOMKEHHS, Yepes
MiR-335-5p - Mapkep MIKPOCYANHHOI AMCOYHKLLT | BUKIA 3 NOLUKOMKEHNX KITITUH, ILLEMIlD,
i TyBYNSIpHOro anonTosy. XIMiOHE(POTOKCHYHICTD.
miR-192- Ceva, nnasma | Cneuudivni Ans NpoKcUMManbHUX KaHanbLiB B nnaami 4 y pasi ITIH, cucteMHoro [2 6]
5p,MiR-194-5p HWPOK Ta iX NOLLIKOAKEHHS. sananents Ta 0C. Y ceui T - 3a ymo
TOKCWUYHOIO, iLLIEMIYHOIO Ta 3aMabHOro
MOLLIKOKEHHS.
MikpoPHK — MapKkepu KNiTUHHOIO LKy
miR-16-5p, Mnasma, Cynpecopy KAITMHHOrO LKNY. Bory Hauinei Ha | T ix piBHs NpU3BOATb 0 3yNMHKN [15]
miR-15a-5p TKaHWHa FeH, LLI0 CnpuaioTb nponidepati (Hanpuknan, | KnituHHoro LKy B GO/GI1-dasi.
LmKNiH D1, umkniH E1, CDKB). x4 NPy paKky HUPKK.
miR-21-5p Mnasma, ceyi | Cnpusie nponidepaii Ta BuxuBarHIo knitu, ane | T miR-21-5p € MapKkepoM aKTUBHOMO [2, 5]
TaKOX € MapKepoM [/1s 6araTbox BUAIB paky. KNiTMHHOrO noginy abo cnpobu
BiAHOBNEHHS NICNS NOLLKOMKEHHS
(penapauii).
MikpoPHK, acoujiitoBaHi 3 ¢i6po3oM Ta eniTenianbHo-Me3eHxiManbHuM nepexooM (EMIM)
miR-200 cima | Ceyva, nna3ma, |Peryngaropu EMIM — npouecy, nig yac sKoro J piHs miR-200 Bkasye Ha 17
TKaHMHa eniTenianbHi KNITUHU HUPOK BTPaYatoTb CBOKO NPOrpecyBaHHs XPOHIYHOMO NOLIKOMKEHHS
CTPYKTYpY | NepeTBOpHOOTLCS Ha dibpobnacth, | HMPOK abo PO3BUTOK METACTA3iB NYXAMHN.
LLI0 Npn3BOANTb A0 BibPO3Y.
miR-29 ciMa | Ceya, TkaHuHa | Lli MikpoPHK 6e3nocepenHbo npurHidyiorb J X piBHs B HUPKOBIlt TKaHMHI 2B Cevi € [18]
BMPOBMIEHHS! KOMMOHEHTIB NO3aKMITMHHOTO iHOMKATOPOM PO3BUTKY (iBPO3Y HUPOK
MaTpuKcy (KonareHy), ameHLyiou di6pos.
miR-21-5p Ceya, nnasMa, | Cnpusie Gibposy, akTvsytoun curHanbHi wnsxu | T KoHUEHTpaLi € iHavkaTopom dibposy. [2,5]
TKaHWHA (Hanpuknap, TGF-B/Smad).
miR-192-5p Ceya, TkaHuHa | MoB'93aHa 3 $ibpo30M, perynoe BianoBiab Ha 1 KoHUeHTpaLii € iHouKkaTopoM dibposy. [2,5, 6]
TGF-B.
MikpoPHK — Mapkepu 3ananeHHs
miR-155-5p [nasma, i excnpecis LWBMAKO MiABULLYETLCS B iMYHHIX 7 - MapKep aKTVBHOTO 3ananeHHs [2,6,12]
TKaHWHa KNITMHaX Ta KNiTMHaX HUPOK Y BIANOBIAb Ha B HMPKOBIN TKaHWHi Npu
3ananbHi CTUMyNK. 3anyyeHa 10 perynsuii iMyHOOMOCEPEaKOBaHOMY HEQPUTI
iMYHHOI BiINOBIAi Ta 3aNaneHHs. (cnpuymHeHomy iMyHoTepanieio) Ta
[iabeTnyHil Hedponarii.
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Mikpo T .

PHK Cepenosuie XapakrepucTtuka 3acTocyBaHHS B KNiHiuHii npakTuui | [xepeno
miR-146a-5p, | Mnasma, HeraTvuHi perynstopu 3ananents. ix excnipecis | T € iHanKkatopoM aKTMBHOCTI 3ananbHoMo [19]
146b-5p TKaHWHa NIABULLLYETLCA Y BIANOBIfb HA NPO3anasbHi npouecy.

umToKiH (TNF-a, IL-1B) sik MexaHisM 3BOPOTHOO
3B'A3KY 719 CTPUMYBaHHS 3anasibHOi BiAMNOoBIf.
miR-21 CvpoBatka, Mapkep rinokcii, 3ananexHs Ta oHkonporpecii. | T BKasye Ha rinOKCito, 3ananeHHs Ta [7]
nnasma, Ce4yosi | Mae NpoTManonToTUYHY Aito. OHKOMPOrpecyBaHHs, Ha 3ananbHy
£K30COMM BIAMOBIfb HAPKOBOI TKAHUHM HA TOKCUYHMIA
CTpec.
miR-21-5p Ceva, nnasma, | Perynauis 3ananexHsa Ta ¢ibposy. 1 B nnasmi Ta cevi e Mapkepom [1.25]
3ananeHHs Ta ibposy, TOKCMYHOO CTPECY.
MikpoPHK — Mapkepu Ta perynstopu penapauii KniTuH HUpKH
miR-21-5p: Ceya, nnasma, | B ymosax IMH pie sk 3axucHuit daktop. Cnpuse | T 8 nnasmi Ha cTagii BigHOBNEHHS MOXe [2, 5]
TKaHUHa BIKMBAHHIO KNITWH, NPUTHIYYIOYM aNoNTO3. YTV 03HAKO aKTUBHOMO NpoLiecy
3ar0EHHS.
miR-200 ciMg | Ceya, nna3ma, | Kntoyosi perynstopu EMI. 3HuxeHHs iX piBHs 71 excnpecii nig Yac dasn penapaii [17]
TKaHWHa cnpuse Qibposy. BKa3ye Ha 36epexeHHs enitenianbHoi
CTPYKTYpU Ta 3anobiraHHs ¢ibposy,
miR-489,127 | Mna3ma, ceya, | Mapkepu perynauii npoLecis nponidepatii Ta miR-489 Ta MiR-127- { B nnasmita T 8 [13]
TKaHWHa LUdepeHLiaLii KNiTUH HUPOK.. ceui
miR- 17214687, | TkaHWHa Mapkepu perynsuii npoLecis nponihepalii Ta 0 ekcnpecii miR- 17214687, 126 [20]
132,126 BWKMBAHHS KNITUH. { excnpecii miR-132

ITpumitka.

I'TIH, roctpe momkomkeHHst HUpoK; JIHK, nezokcupnbonykieinosa kuciaora; EMII, emitenianbHo-

meseHximanibHuii nepexin; HKK, HupkoBo-kiiTuHHa kapuuHoma; OC, okcunaTuBHuit ctpec; PHK,
pubonykieinoBa kuciora; 3’-UTR |, 3’-HeTrpaHciboBaHa o6macTh rena; CDK6, IMKITiH 3aeXHa KiHa3a;
IL-1B,- intepneiikin 1f; miR, mikpoPHK; TGF-, tpancdopmytounii dakrtop pocty ; TGF-B/Smad-
curHanbHuii msax; TNF-o, dakrop Hekposy nyxiauH o;V EGFA, ¢akTop pocTy CyIMHHOro eHaoTei1o A.

TakuM 4YWHOM, cTpec (OKCUOATUBHUIA, amor-
TOTUYHUM, i/a00 CymMHHMI) MOXe TPU3BOAUTH IO
CYOKJTIHIYHOTO TIOWIKOIXEHHS HUPKOBUX KIIITUH.
MikpoPHK, 1110 peryIiol0Th CUTHAJIBHI HUISIXU CTPECY,
MOXYTb BUKOPUCTOBYBATUCS SIK MapKePU «<HUPKOBOTO
cTpecy» Ta OB’ si3aHuX mpoliecis [2-20] .

IcHye 6arato MexaHi3MiB, IO OEpPyTh y4yacTb Y
peaxiiii paky Ha TillOKCilo, 1110 MOB’sI3aHi 3i 3MiHaMu
ekcnpecii MikpoPHK, iHIyKOBaHUMU HU3BKUM THUC-
KoM KucHIo. Timokcisi Moxe peryiaiooBaTh 0OioreHes
MikpoPHK Ha TpaHckpumnuiiiHoMy piBHi, 4yepe3 ermi-
TeHeTUYHY MoaudiKallito ad0 aKTUBHOCTI (DepMEHTIB,
MoB’s13aHuX 3 o3piBaHHIM MikpoPHK [21]. T'inmokcis,
SIK YHIKaJbHUN CTpeC, BUKIUKAE 3MiHU B PETYISTOP-
Hilf MepexXi TpPaHCKPUMNLIHHUX (HAKTOPiB i CUTHAIb-
HUX IUISIXiB 3 METOK KOOPJAWHAILil KJIITUHHOI ajanTa-
1ii B Metabounizmi, npomidepanii, penapauii JHK Ta
anonTo3i. KitouoBuil peryasaTop TimnoKCUYHOI Bimmo-
Bini — HIF-1a peryimoe excripecito mMpoaHTiOreHHUX
dakropiB pa3zoM 3 exkcrpecieto MikpoPHK, Bxioua-
toun miR-210, miR-382, miR-224, miR-668 [20, 22].
OgHUM 3 paHHIX MOJIEKYJISIDHUX MOPYUIEHb B TMPOIIe-
cax (popmyBanHsg HKK € BTpata reHa cdon linmensi-

Jlinpay (VHL), 1o npu3BoauTh A0 30iJbIIEHHS PiBHS
daxTopa, iHAYKOBaHOTrO Trinokcielo, anbda (HIF-a) i,
SIK HACJigoK, 3aIlyCKa€ TiMOKCUYHY BiAMOBilb KIiTHU-
Hu. Cepen MikpoPHK, 1110 perymoioThecs rinokciero,
MoxHa 3HaiTM miR-210, miR-218 Ta miR-1233. Exkc-
npecigs miR-210 iHAYKy€eTbCA TiMOKCi€l0, 110 POOUTH
o MikpoPHK ToYHMM iHOMKAaTOpPOM CTaHy TiMTOKCii.
linokcis € MOMMpPEeHUM SBUIEM SIK Y TTyXJIMHHIN TKa-
HuHi (HKK), Tak i opu imemMiyHOMY MOIIKOIKEHHi
HUPOK [23].

Takox MikpoPHK € moTyxXHUMU MomyisiTOpamMu
KJIITUHHOI TOBENiHKUA Ta MYyXJWMHHOTO MiKpPOOTOYEH-
Hs [24], BOHU peryJioloTh €KCIPECilo TeHiB IIISTXOM
posuerieHHs: TpaHckpunTy MPHK a6o inridysaH-
Ha tpaHcisnii MPHK y 6imok [25]. Ockinbku omgHa
MikpoPHK Moxe OyTu MillleHHIO 1O KiJIbKOX COT€Hb
MPHK, abepanTtHa excripecist MikpoPHK moxe Brum-
BaTU Ha 0e€3JliY TPAHCKPUIITIB i CYTTEBO BIUIMBATU
Ha CUTHAJIbHI LIJIAXU, MOB’A3aHi 3 pakoM. ICHyIOTh
nokasu Ttoro, mo MikpoPHK perymtooTes «03Haku
paKy», BKJIIOUAIOUM TilIOKCUYHE MiKpOCepeaoBUIIIE,
J00pe BCTAaHOBJIEHY KIITMHHY XapakTtepuctuky HKK
(tabm. 2) [6, 7].
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Tabauys 2
MikpoPHK acouiiioBaHi 3 rinokci€io y onkonegpoorianux XBopux
. bionoriuHe
MikpoPHK XapakTepuctuka 3acrocyBaHHg Ixepeno
cepefosuLie
MikpoPHK, acoLiitoBaHi 3 rinokcieto
miR-210 Ceya, nnasMa | Mapkep rinokcii. fi ekcripecis perynioetses Mnasma/cuposartka — cTabinbHo [26]
(haKTOPOM, iHayKoBaH!M rinokceieto (HIF-1o). T npu HKK. Ceyosi ex3ocomu —
T miR-210 cnocTepiraioThes y NaLEHTiB 3 pakoM | BUSBAIOTLCA NPK riNOKCIl KaHambLiB.
HupKi (ae rinokcist cTuMynioe picT nyxaukm), Ta B | TkauHa nyxaunn T npu HKK 3
HMPKaX, LL10 3a3HanK iLLeMiYHOro NoLKomKeHHs. | VHL-MyTaLlieto; acoujioBaHa 3
arpecUBHICTHO MYXNHN.
miR-210-3p Ceya, nnasma | Mapkep rinokcii/ituemii. T B cevi abo nnasMi BHacninok MH [27]
nicns BENMKUX XipypriyHnx BTpYYaH,
NP1 KOMNPECT CANH NYXNHOH.
miR -21 Mnasma, ceyoBi | Mapkep riNoKCii KaHaNbLEeBOro eNiTeNito Ta 1 npu rinokcii, 3ananenHi Ta [7. 26, 28]
€K30COoMMU, NYXAVHHUX KIITUH. MyXNMHHOMY CTPECi; CTUMyNioe EMM y
TKaHWHa pasi HKK.
miR-199a-5p / | MnasMa, ceya | Ekcnpecis npurHivyeTbes rinokciet; perynioe B nnasmi BKa3ye Ha rinokcito Ta [29]
miR-199a-3p | (ex3ocomu), HIF-10, VEGF; { nos'szane 3 nporpecieto HKK Ta | akTuBaLiiio HIF T B ceui - sk paHili
TKaHMHa iLLIEMIYHO-TINOKCUYHUM CTPECOM HUPKMU. MapKep iLLeMii Ta TOKCUYHOTO
YPaXeHHs.
miR-30a/c/e | MnasMa, ceya, | Mapkep rinokcii kaHanbLis, EMI, nporpecii . ' B nnasmi nig BNAVBOM FinOKGil. [2]
€K30CcoMU MpurHivytotbest HIF-wnaxom — cnpusie EMIM 1a 1 B cevi - € paHHiMK MapkepaMu
arpeCMBHOCTI MYXWHY; Y HUPLL ¥ acoLiIOETbCs 3 | TyBYnsApHOrO CTpeCy Ta anonToay.
FiNOKCUYHUM MOLLUKOAXKEHHSAM KaHaMbLLiB.
miR-155 Mnasma, ceyi | AkTuByeTbCs Yepes HIF-1a, aKTuBaLlis iMyHHIX Te KpOBi Ta ceui. CurHanisye [30, 31]
KiTH (MiR-155 — NF-xB/M1-makpodarv); Mpo riNoKCMYHe 3ananeHHs Ta
ctumynsuia STATS, aHrioreHesy, EMI. MIKDOOTOYEHHS MYXUHU.
miR-372/373 [na3ma, PeryntotoTb FNOKCUYHI LLNSIXK; aCOLMOBaHi 3i T NPV NYXAWHHIA riNoKcii. [32]
£K30CoMU LIBMAKMM POCTOM NyxnHu npn HIF-cTumynaii.
miR-200c/b Mnasma, ceya | Mapkep rinokcuyHoro nepexofy Ao Gibposy. 1 mir-200c/b. [17]
Mnokcis — akTueavis HIF-1a — T
miR-34a [na3ama, Mapkep FiNOKCUYHOIO MOLLIKOAXKEHHS eniTenit 0 MpW FiNOKCUYHOMY MOLLIKOIKEHHI [14]
€K30CoMMU, HUPKI, PerymoeTbes ph3-/HIF-Lunsxamu. kaHanbLiB Ta HKK
ceva
miR-144 Mnasma, ceva | HIF-1oi-uytnnBa; rinokcuyrmin Mapkep y HKK Ta T8 KPOBI Ta Ceyi y NaujexTis 3 [13]
HedpoeniTenii. Mpurrivye Nrf2 — nincunioe OC, | rinOKCMYHMM MiKpOCEPEeaoBULLEM
LLO CMpWSIE MYXUHHIIA NPOrpecii. NYXUHW HUDKA.
miR-424 Mnasma, AKTUBYETHCS TiNOKCIEHD, CNPUSIE aHTioreHesy 1 npu rinokcii B HKK [13]
€K30C0oMU yepe3s VEGF-Lunsx.
miR-21-5p Mna3sma Lpkyniototb y pasi iuemiuko \penepdysiitoro | T npu iuemiuro-penepdysiitHomy [12]
miR-17-5p MNOLLIKOIXKEHHI HUPKMX. MOLLKOIKEHHI HUPKM
miR-330-5p
ITpumitka. T'TIH, roctpe momkomkeHHst HUpoK; EMII, emitenianbHo-Me3eHxiManbauit nepexin; HKK, aupkoBo-

KJitnHHa KapuuHoma; HIF-1a, ingykoBaHuii rimokcieto pakrop; miR, MmikpoPHK; Nrf2, Nuclear factor
erythroid 2-related factor 2; STAT3, Signal Transducer and Activator of Transcription 3; VEGF, cdakTop pocty
cynrHHoro eHnotenito. VHL, ren-cynpecopa myxiua VHL.

limoxcist Ta MeTabojiiuHa nepedymoBa B HUPKO-
Bili TKAHUHM CTa0iJIbHO aCOLIIOIOTHCA 3i 3pOCTaHHSIM
piBHiB miR-210, kimacuunoro HIF-3anexHoro pery-
JIITOpa, 110 BimoOpaxa€e CTyMiHb KMCHEBOTO Ae(ilu-

Ty Ta amanTallilo KJIITUHM [0 MOPYLIEHHS OKHCHOTO
MeTabonizmy [22]. KpiM Toro, y rimoKCMYHUX i paKko-
BO-3MiHEHUX TKaHMHaX 3MiHI0I0ThCs piBHI miR-200a,
miR-21, mo € He auie BigoOpaxXeHHSIM nediluTy
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KUCHIO, a i peMOJIeJIIOBAaHHSIM €eMiTellilo Ta Mepexoay
Jo Oinbll arpecuBHUX (deHoTUMIB. lemis-penepdy-
3ig CIPUYMHSAE HAUOUIBII Pi3Ki 3MiHU LUPKYJTIOUYUX
mikpoPHK [20, 22, 26, 27]. Oco6auBO 3HAYYIIUMU
€ nigBuieHHss miR-21-5p, miR-17-5p, miR-330-5p,
10 OMOCEPEIKOBYIOTh BiMOBii HA MOPYLIEHHS KPO-
BOTOKY, 3alyCK amnomnTo3y Ta BiTHOBJEHHS TKAaHWHU
[12]. ¥ Bunanky TokcudHoro ctpecy uyu OC 3MiH0-
10Tbcd piBHI miR-24, miR-126, miR-155, 1o BimoOpa-
JKa€ HaJMipHe YTBOPEHHS aKTUBHUX (DOPM KUCHIO, €H-
JnoTeiaabHy TUCPYHKIIiI0, 3aMyCK Mpo3anajlbHOol Bid-
MOBii Ta mopylleHHs IpoueciB penapatii [2, 6, 12].
s oHKOHePOoJOTiYHUX MAlliEHTIB 1€ Ma€ 0COOIBE
3HAYEHHS, OCKIJIbBKM TOKCHUYHI MOLIKOIXEHHS HUPOK
Ha TJ1i XiMioTepanii, iMyHoTeparnii abo TApreTHUX areH-
TiB 4aCTO 3JIMIIAIOTHCS HEYiTKO NiarHOCTOBAHUMU J0
MOMEHTY 3HaAYHOTO 3HVMXEHHST OYHKIIiT HUPOK [2].
3ananbHi GopMu cTpecy, BKIIOYHO 3 iMyHHOIO
AKTHUBAIli€l0, CYNMPOBOIXKYIOThCS 3pOCTaHHSIM miR-
155 ta 3HMKeHHSIM miR-223, 1110 Kopetoe 3 akTuBalli-
€10 makpodaris, T-1iMPOLUTIB Ta peMoIeTI0BaHHSIM
BPO/KEHUX IMYHHMX MeXaHi3MiB y Hupui. Lli 3MiHuU
MOXYTb BioOpaXxaTu SIK CUCTEMHE 3aIlaJIeHHS B OH-
KOMpOolIeci, TakK i JIOKaJbHi peaklii Ha ypaXKeHHs ma-
penximu [30, 31]. AnonTo3 i HEKPO3 HUPKOBUX KJIITUH
4acTo CyNmpOBOMAXYIOThCS 3MiHaMu ciMmeiicTBa miR-30
(miR-30a/c/e), a takox miR-125b, mo Bimn3epka-
JIIo€ 3arubesib emiTeNialbHUX KIITUH KaHaJblliB Ta
CTPYKTYpHY Aerpanaluito TkaHuHu [2, 20]. BogHouac
(iOpo3Hi 3MiHU, 1110 XapaKTePHi AJIS1 XPOHIYHOTO HUP-
KOBOTI'O CTPECY, aCOLIIOIThCS 3 MiABUILIEHHSIM miR-21
Ta 3MEHIIEHHSIM piBHs ciMelicTBa miR-29, 1o Bigmno-
BiaJIbHI 3a peTyJslil0 eKCIpecii KoJareHy Ta mosa-
kiiTuHHOTO MaTpukcey [18, 28]. ¥ cykymHocTi 1i naHi
JI03BOJISIIOTh CTBEPIXKYBATH, 110 NPOPiab LIMPKYIIOKO-

yux Ta ceyoBux MikpoPHK € uyTnuBumu Ta paHHiMu
MapKepaMHU BiANTOBili HUPKU Ha Pi3HUI BUJ CTPECY.

AHomanbHa excrnpecisg MikpoPHK, moB’g3aHux 3
HUpPKaMU, BIUIMBAE Ha pi3Hi OiojoriuHi mpouecu [2,
5, 6] Ta Ha HOpMaJIbHY (YHKIIIO KIyOOUKOBHX Me-
3aHTiaIbHUX KJIITUH, TOAOLUTIB, ermiTeaiaJlbHUuX KJli-
TUH HUPKOBUX KaHanblliB [33]. Byno mokasaHo, 1110
HupkoBi MikpoPHK, taki sik miR-302b-3p, cnipusiiotb
($i0po3y TKAHWHU HUPOK, MOPYIIYIOUU Tepeaavy CUr-
HaJliB TKAHWHHUM iHTi0iTOPOM MATPUKCHOI METaO0-
nporeinasu-3, SOX6, JAK/STAT ta PTEN/AKT a6o
noripuiyroun ayrodarito [34, 35]. Bonu Takox Mmo-
XyTh BUKJIMKATU 3aMaJi€HHS, MOMYJIOIOUM CUTHAJIb-
nuit nuisix NF-«B [20, 36].

OTxe, «<HUPKOBUIN» CTpeCc — TIMMOKCUYHUH, ilne-
MiuHO-pernepdy3iiiHUA, TOKCUYHUIA, OKCUTATUBHUM,
3aMaJbHUMA, alONTOTUYHUIN YU (HiOPO3HO-HEKPOTUY-
HUI — 3aIyCcKa€e KOMILUIEKCHY NepedyaoBy KAITUHHUX
CUTHAJIbHUX LISIXiB, 110 HEMUHYy4Ye BimoOpaxkaeTbcs
Ha npodini mikpoPHK y xposi ta ceui [2, 3, 5, 6, 10-
12, 24, 25]. Hupkymotoui MikpoPHK, sik BUcoko cTa-
0inbHi, 610JIOTIYHO aKTUBHI Ta YyTJIUBi 10 TKAHUHHOTO
MOIIKO/KEHHST MOJIEKYJIM, BUCTYNAalOTh iHAMKATOpa-
MU TOTO, 11O BiIOYBA€ThCS Yy HUPKOBiNi MapeHXiMi Ha
PiBHi KJIITUHHOTO cTpecy. JlaHi cydyacHUX MOCIiIXEHb
CBilUaTh, IO KOXEH TUIl CTPECY 3aIlyCKa€e XapakTep-
HUl Ta yacTkoBO «MikpoPHK-curnatypuuii» Biaryk,
KU MOXe OyTM BUKOPUCTAHUI $IK HEiHBAa3UBHUU
MapKep CTaHy HUPKM Ta BUPA3HOCTI ii CTPECOBOro
MOIIKOXXEHHSI Y OHKOHE(MPOJIOriYHUX MalieHTiB [2,
3]. Koxna mikpoPHK Moxe peryiioBaTu Kilbka Mi-
1IeHel, Bimobpaxalouu aKTUBHICTh KJAIOUOBUX LILJISIXiB
KJIITMHHOI 3arubeni, 3anajaeHHs1, iopo3y Ta OKUCHOTO
crpecy (Puc 1).

MikpoPHK ,wjo 6epyTb y4acTb y BiANOBiAb Ha CTPECH pi3Hoi eTionorii

miR-30c-5p .
miR-205-5p /
— i "k

OKCUAATUBHUIA CTPEC Ta
MiToxoHApiansHa auchyHKLUiA
miR-335-5p
miR-489

miR-204 miR-192-5p
\ m!R-24 miR-34a-5p
L miR-126 i miR-21-50
) miR-30a/c miR-16-5p
\\ miR-335-5p
% miR-489
Thpiiies X N miR-302a, miR-2
3ananenus W miR-200- _— “9. Penapauisi KnituH

miR-200a, miR-200b

miR-489 3a miR-127

i ; HUPKK
laiidhy it et miR-16 miR-302a
iR 146559 miR-34a-5p miR-204
emiR-21-5p miR-489miR-127

3aranbHi mikpoPHK

Puc. 1. MixpoPHK, 1110 6epyTh y4acTh y BillIOBili Ha CTpec pi3HOI €TioNorii y OHKOHEe(POJIOTiYHMX MAIliEHTIB

VY naiieHTiB 3 OHKOJIOTIYHUMM 3aXBOPIOBAHHSIMU
He(POTOKCUUHICTh 3yMOBIIIOEThCS KOMOiHAIIIE€IO MPsI-
Moi [ii pi3HUX cTpecoBUX (akTopiB (puc.l). KoHkperHi

MikpoPHK BigoGpaxkaloTh 11i MexaHi3MU, IIPOTE € «y3a-
ranapHIoOO4a» rpyna MmikpoPHK, 110 xapakTepHi a1 piz-
HUX TUIIiB CTPECY, 1110 3yMOBIIOE MOIIKOXKEHHS HUPOK.
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MikpoPHK Tta nomkomxenns Hupok. [octpe
Ta XpOHiYHE MOIIKOIXEHHS HUPOK CTAHOBJSATH LIEH-
TpaJibHy NpobJieMy cydyacHOi oHKOHedposorii. ['ocTpe
TMOUIKOIXKEHHS 31e0UTbIIIOT0 BUHUKAE BHACTINOK illle-
Mii-penepdy3sii, TOKCHYHUX BIUIUBIB, cerncucy abo 06-
CTPYKIIii Ta XapaKTepU3YETHCS PANITOBOIO BTPATOIO Ka-
HasblieBOi PYHKIi, MOPYIIEeHHsIM peabcopOilii Ta iH-
TEHCUBHUM KJIITUHHUM CTPECOM. XPOHIUHE YpaXKeHHS
HUPOK, HABIIaKU, PO3BUBAETHCS MOCTYIIOBO, BKIIOYAE
TpuBaJie 3amnalieHHs, porpecywoduit giopos, peMoe-
JIIOBaHHS MO3aKJiTUHHOTO MATPUKCY Ta HEBIIBOPOTHY
BTpaTy HedpoHiB. [Tonpu BiAMiHHICTh y YacoBiil nu-
HaMili, oOuABa CTaHM MAalTh CITiIJIbHI KJIIOUOBiI Me-
xaHi3Mu: rinokcito, OC, 3amnaneHHs1, AUCPETYJSIiI0
anonTo3y Ta MOPYIIEHHS penapauiiiHux npoiecis. Mi-
kpoPHK 6epyTh yyacTs y npoliiecax NOIIKOMXEHHS Ta
BiTHOBJIEHHSI HUPKOBOI TKAHUHW: KOHTPOJIi alonTo3y
Ta BUXXMBaHHS KJIiTUH, 6ajaHci Mixk ¢idpo30oM i aHTU-
(ibpo3HUMU MexaHi3MaMU, aKTUBALlil IMyHHUX BiIMO-
Bileli, peakilii Ha rimokcito i inemiro Ta popMyBaHHi
OC. Ilepwii goka3u poiai mikpoPHK nos’s3yBanu 3
I'TIH [33]. OcraHHi orasiau pe3yabTaTiB TOCTiIKEHHS
JIEMOHCTPYIOTb, 10 LIMPKYItotoyvi i ceyoBi MikpoPHK
BilirpatoTh BaroMy poJib y AiarHOCTUL MOIIKOAXEHb

3a I'TTH Tta XXH [2, 5-12]. Taki mikpoPHK, sik miR-
21-5p, miR-17-5p, miR-24, miR-30a/c/e Ta miR-210,
pearyloTb Ha ilemiro-penepdysito, anomnrtos3, HeKpo3
Ta TiMOKCit0, 10 POOUTH X MEPCHIEKTUBHUMU PAaHHIMU
6iomapkepamu I'TTH. ¥ pa3i XpoHiYHUX MOLIKOIXEHb,
BKJIIOUHO 3 po3BUTKOM XXH, 1oMiHy1OTh iHIIi maTep-
HU: MigBUIIEHHS Npo-Ghibpo3Hoi miR-21, 3HUXEHHS
piBHS excrpecii cimeiictBa miR-29 (anTudioposHi
peryjasiTopu KoJjlareHy), akTuBallis 3amajibHUX miR-
155 i 3MiHUM piBHS CyAIMHHO-eHIOTediaTbHUX MiR-126
i miR-223. i mikpoPHK-curnatypu BimodpaxawTb
MOCTYIMOBU MepexXif Bil HOYaTKOBOTO MOIIKOAXEHHS
JI0 PeMOJIeJIIOBAaHHSI TKAHUHU, (hiOpo3y Ta BTpATH He-
dponiB [2]. Cuctematnunuii anHaniz Brown N. et al.
Bkasye Ha > 850 mikpoPHK, o nudepeHiiiiioBaHi y
pasi I'TIH [37]. B iHwmomy gociiaxeHHi 0yj10 mokasa-
Ho, o naHeab MikpoPHK (Bxitouatoun miR-101-3p,
miR-127-3p, miR-210-3p, miR-126-3p, miR-26b-5p,
miR-29a-3p, miR-146a-5p, miR-27a-3p, miR-93-3p
Ta miR-10a-5p) 3MiHIOIOTECS y 3pa3kax CUPOBATKU
kposBi nauieHTiB 3 I'TTH, 3okpema miR-494, miR-210
Ta miR--320 3HauyHO MiABHUILEHI Y 3pa3Kax cedi maili-
enTiB 3 I'TTH, a miR -24 cnipusie nporpecyBaHHIO ile-
miunoro I'TTH (ra6:. 3) [38].

Tabauysa 3
MikpoPHK aconiiioBaHi 3 rocTpUM Ta XPOHIYHUM MOMIKO/PKEHHSIM HUPOK Y OHKOHE(POIOTiYHIX XBOPUX
MikpoPHK Xapaktepucrtuka 3acTocyBaHHS Ixepeno
MikpoPHK, acouiosani i3 IMH
miR-192-5p Ta miR- | BBaXxataTbCs cneundivHumMm ans enitenianbHmx X piBHi B cevi 3HauHo T Bxe yepes [37]
30c-5p: miR-194-5p | KNITMH NPOKCMMANbHUX KaHasbLiB HUPOK. MacuBHe Kinbka roguH nicns IMH iwemivHoro abo
BMBINbHEHHS! B CEYY BKA3YE Ha FOCTPE, YaCTO HEKPOTUYHE, | TOKCUYHOMO MOLLKOAKEHHS.
NOLLKOAKEHHS KaHanbLyis CneundivHi Ang HUPKOBOI
TKaHUHW. PaHHE nporHosysaHHs MTH.
miR-21 bepe yyactb y perynduii npouecis 3ananexHs 1a fi pisenb T B ceui y pasi po3suTky [MH Ta (7. 36]
anonTosy XXH.
miR-30 (a, b, ¢, e): [oTEHLMHI bioMapKepy KOHTPACT-iHAYKOBAHOO 1 nnasmosi pisHi y NaLlieHTiB 3 KOHTPACT- (38, 39]
YPaXeHHs HUPOK iHOyKOBaHOH Hedponarieto.
miR-210-3p KnacuuHwit Mapkep rinokcii. OLiiHka TOKCMYHOCTI XiMionpenaparis Ta [40]
jLueMit.
miR-16, miR-210, Mapxkepu [T, (uvcnnati, ilemis, KoHTpacT), Bu3HaueHHs B NnasMi BUKOPUCTOBYETHCA AN (1]
miR-320 riNOKCUYHOTO CTPECY, XPOHIYHOI HEPPOTOKCUYHOCTI. AiarHocTiku ITIH.
miR-126 EHpoTenianbHa MikpoPHK, NoB'93aHa 3: aHrioreHe3oMm 4 BKpoBi Yy pasi iwemii/penepdyaii nicas [20, &1, 42]
(VEGF-curHanisaLis), perynauieto TyBynapHoi dyHKLi OnepaLiiit Ha HUPLL, KOHTPACT-, LMCNNaTUH-,
HUPKW, pakoM Hupky, IMH . MiaTpuMye BiBHOBNEHHS cenciuc-iHaykoaHomy MH. B ceui T npu
HWpoK nicng TTH, cnpusoum LinicHOCTI CyauH Ta acouialii | iLueMiyHoMyY Ta LMCINaTUH-IHoyKOBaHOMY
3 M0Bini3aLlieto BaCKyNoreHHNX KNiTUH-NONepeaHuKiB, [TIH, TOKCUYHOMY TybynapHOMY Hekposi y
3anexHwx sig Gakropa 1/CXCR4. OHKOXBOPUX.
miR-34a-5p 3anyJyeHa y BinoBiab Ha noLkomkeHHs [1HK Ta [HOMKATOP TOKCUYHOTO BIAMBY HA HUAPKW. [43]
KNITUHHWI CTPEC.
MikpoPHK ponomaratotb OLiHUTM NpOrpecyBaHHs MOLUKOMAXKEHHS HUPOK [0 ibpo3y Ta XXH
miR-21-5p Binirpae Knt04oBy ponib y 3ananeHi, hibposi Ta anonmoai. | ii T skasye Ha nporpecysanHs XXH. (2,5, 44]
Mapkep OLiHKY NPOrpecyBaHHs YPaXeHHs HUPOK Y
OHKOJOriYHYX XBOPUX, OCOBNBO THX, XTO OTPUMYE
O0BroTpKBany Tepanito, Lo MOXe Npu3BecTn Ao XXH.
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MikpoPHK XapakTepucruka 3acTocyBaHHs IIxepeno
miR-29 ciMsa (MiR- | Perynioe BUPOBAEHHS KONAreHy Ta iHLLIMX KOMTMOHEHTIB J piBHiB KOPENIOE 3 PO3BUTKOM (iBPO3Y [46]
293, MiR-29b, miR- | N03aKNITMHHOMO MaTPUKCY, HUPOK.
29c) 3MiHK B PiBHSIX LnX MikpoPHK BkasytTb Ha

PO3BUTOK (hibPO3y BHACNIAOK XPOHIYHOTQ YPaXEHHS
HUPOK.
miR-200 cimq (200a, | Perynatopu EMTT, aKiit € KIOYOBMM MPOLIECOM [ piBHi B Cevi a0 TKaHWHAX BKA3YyIOTb Ha [17]
200b, 200c) pO3BUTKY (iBpO3y. CTYNiHb QiBPOTUYHIX 3MiH.
MikpoPHK pnist paHHboi giarHocTuku XXH
miR-21-5p i piBeHb NinBMLLYETLCS HA paHHix CTadisx XXH i Kopenioe | BUKOPUCTOBYETHCS /19 NPOTHO3YBAHHS [2, 4, 5]
3 «M104aTKOM» (hibp03y Ta 3ananeHHs. nporpecyBaHHs XXH.
MiR-192-5p Ta MiR- | BBaxatoThest CneLmMdiyHMin MapkepaMu NoLWKomkerHs | Ix T B cevi Ha paHHix CTagisx CBiguTb Npo [37]
194-5p: MPOKCMManbHIX KaHanbLB. MOYaToK TybYNSpHOrO NOLIKOMKEHHS.
miR-133, miR- Mapkepu KaHa/bLIEBOMO NOLLKOKEHHS, MapKepw rinokcii, | Mapkepy aiarHocTvkm XXH 3 BUCOKMM [45]
30a,miR-126 pearytTb Ha 3HKEHHS OKCUreHaLii B KOPTUKANbHUX PIBHEM YyTAMBOCTI abo cneumdivHoCTi
HedpOHax , Cynep paHHi MapKepu Tybyo-CyanHHOr noHan 90%
YpaxeHHs, BinobpaxatoTb CTaH NepuTybynapHoi
MiKDOLMPKYSILLT.
miR-29 ciMa (MiR- | AKTuBYIOTbCS NpK : rinokcii, OC, anonTosi, 3ananexHi, Ix piBHi 4 Ha paHHix cTapisx XXH. [46]
29a, miR-29b, miR- NYXNUHHOMY CTPECI, NOLIKOAKEHHI HUPKOBUX KaHasbLB.
29c) MpUrHIYYKITb CUHTE3 KONareHy, iX 3HWKEHHS € PaHHBOIO
03HaKot0 noyaTtky GibpoTUYHNX 3MiH.
miR-126-3p CneundidHnin MapKep eHACTENIaNbHINX KNITUH. J piBHS B KPOBI € paHHiM MapkepoM [13]
eHO0TENaNbHOI ANCDOYHKLII, IKa YacTo
nepeqye KNiHiyHMM nposieam XXH, ocobnneo
Y NaLlieHTiB i3 NiabeToM abo rinepTeHsielo.
MiR-16, MiR-21, miR- | Mapkepm XPOHIYHOTO YPaXEHHS HUPOK. Bu3HaueHHs B NNa3mi BUKOPUCTOBYETHCS NS [41]
155, miR-210, miR-63 [iarHoCTuKM XXH.
miR-21, miR-192, miR- | MapKkepn paHHbOrO YPaXEHHS! HPOK. Po3nisHae paHHe YpaXeHHst HUPOK i3 [42]
200c YyTnBICTIo 89% i cneundivHicTio 73%, LU0
MEPEBMNLLYE AiarHOCTUYHY CUAY KDEaTUHIHY.
ITpumitka. I'TTH, roctpe nomkomxeHHs Hupok; JJHK, nesokcuprubonykieinosa kuciora; EMII, emnirenianbHo-

mesenximanbHuii iepexin; HKK, HupkoBo-kiitnHHa KapuuHoma; OC, okcuaatuBHuii crpec; PHK,
puboHykieiHoBa kucioTa; XXH, xpoHidyHa xBopoba Hupok; CXCR4 , C-X-C chemokine receptor type 4; miR,
mikpoPHK; VEGE dakTop pocTy CyTMHHOTO €HI0TEMi0.

OnkoHedposioriyHi namieHT GopMyIOTh 0CO-
O0JMBY KIIIHIYHY KOTOPTY, Yy SIKili MOENHYIOThCS IBA
B3a€EMOIIOB’SI3aHi MMATOJIOTiUHI MIPOIIECH — OHKOJO-
TiYHe 3aXBOPIOBAHHS Ta YpaxXeHHs HUPOK. Tak, y no-
CIIIMDKEHHSX 32 YYaCTi OHKOJIOTIYHUX KOTOPT OyJio
BCTAHOBJICHO, 1110 y TALli€EHTIB i3 paKOM HUPOK MpPO-
¢irp miR-210 Ta miR-1233 mo3Boise po3pi3HIATH
MyXJIMHHE 1 TepaleBTUIHE MTOITKOIKCHHS ITapeHXIMH
[43]. Cochetti et al. BusiBuau nigBuieHHs miR-210,
miR-1233 Ta 3HMKeHHS miR-15a y cedi mamieHTiB i3
HKK [47]. MikpoPHK M0XyTb 0OHOYaCHO CTyTyBa-
TU MapKepaMu MyXJWHHOI aKTUBHOCTI Ta HUPKOBOI
¢yuKIii/momkomkeHHA. Tak, miR-378 BuBueHa i 1K

MapKep MOIIKOIXEHHS HUPOK, 1 9K Mapkep HKK
[4].

V nanienTiB 3 HKK, cucteMHuMu oHKOIIpolieca-
MU 3 HEPPOTOKCUYHUM JIiKyBaHHSIM a00 XPOHIYHUM
HUPKOBUM CTPECOM 3MiHIOETHCSA HM3Ka MUPKYJTIOIOUNX
MikpoPHK — 3okpema miR-210 (rimoxcis, aHriore-
He3), miR-21 (¢pibpos, amomTo3), miR-155 i miR-223
(3amayieHHs Ta iMyHHa BiIMOBinb), ciMeiicTBo miR-29
(arTniobposHi MexaHizmu), miR-30 (Hekpo3/amoIr-
T03) Ta immi [2, 7, 18, 26, 30, 31, 46]. MikpoPHK
npo@diab IEMOHCTPYE 3HAYHY CIIEUM@IUYHICTb 10 TUITY
CTpecy, a TaKoX J0 CTafii MyXJuHU Ta ii Tonorpadii
(tabm. 4).
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Tabauysa 4
Mikpo PHK Tta nanei y BusiBJieHHi paKy Ta JokaJizamii myXJuHH.
MikpoPHK XapakTepuctuka 3acrocyBaHHs Ihxepeno
Ponb MikpoPHK y BUSBNeHHi paky HUpoK
MaHenb:miR-432-5p, miR-532- | MoauTuBHa KopensLis MiR-93-3p, oB'93aHa 3 NPOrpecyyot [49]
5p (1) miR-432-5p (AUC: 0,71, 95% [1I: Bin 0,59 Ao CBITNOK/ITUHHOI KapLMHOMOK HUPOK
miR-10a-5p, MiR-144-3p, miR- | 0,83, p = 0,003) (ccHKK). npu sHueHii perynauii
28-3p, miR-326, miR-328-3p, miR-532-5p (AUC: 0,70, 95% [1I: 0,57-0,82, p = (p =0,042) Ta 3 LOBLUNM 3arabHIIM
miR-603 i miR-93-3p (1) 0,007) BIDKVBaHHAM npu T perynsii .
miR-10a-5p (AUC: 0,66, 95% [1I: 0,53-0,79)
miR-144-3p (AUC: 0,68, 95% [lI: 0,55-0,81)
miR-28-3p (AUC: 0,65, 95% [1l: 0,52-0,78)
miR-326 (AUC: 0,68, 95% A1I: 055-0,81)
miR-328-3p (AUC: 0,65, 95% [1I: 0,52-0,78)
miR-603 (AUC: 0,67 95% A1l 0,55-0,80)
miR-93-3p (AUC: 0,68, 95% [lI: 0,54-0,81), yci p <
0,05.
MaHenb: (100% SN (95% [l 75-100%), Ta 86% SP (95% [l MaHenb miR-122, miR-1271 Ta miR-15b y ceuii [50]
miR-122, miR-1271, miR-15b (1) | 57-98%), AUC 096 Ta p < 0,001) [03B0Nde AiarHocTyBatn HKK 3 BIUCOKOD
UYT/IMBICTIO Ta CNELNIYHICTIO.
CimeiicTo miR-200 MoTeHLinHi biomapkepn HKK. { y cuposarui kposi npu HKK. [17,51]
MaHenb: miR-122-5p Ta MiR-206 | Y cupoBaTLli KpoBi 6y 3HAYHO 3HUXKEHI Y PiBHi miR-122-5p kopentoBanu (52]
nauienTiB 3 ccHKK nopiBHSIHO 3i 300pOBIMM 3 MeTacTatiuHot HKK Ta ioro
ocobam. cTyneHeM, a miR-206 - si crapieto pT Ta
METaCcTasyBaHHIM
MaHenb: miR-1-3p, miR-129-5p, | ExcrpecytoTbest ANdEPEHLIHO Y NaLieHTIB 3 Marenb miR-1-3p4, miR-129-5p. Ta miR- [53]
miR-146b-5p, miR-187-3p Ta cCHKK. 146b-5p B CMPOBATL KPOBI - 719 CKPUHIHTY
miR-200a-3p MiR-1-3p, miR-129-5p Ta MiR-146b-5p) Mana AUC | ccHKK.
0,895, B nianasoi Big 0,848 no 0942,
MaHenb: miR-27b-3p, let-7f-5p | MaHenb e NepcneKTUBHOK ANS PaHHbOI, MiR-142-5p y c1poBaTLi KPOBi 3Ha4HO 0 y [54]
miR-142-5p HeiHBa3uBHOI aiarHocTukm ccHKK. nauieHTis 3i ccHKK, pisHi ekcnpecii let-7f-
5p, MiR-27b-3p, miR-212-3p Ta miR-216-5p
- 3HauHo ¥
MaHenb:miR-1-3p, miR-124-3p, | MaHenb nporHosye HKK nnolwa nig Kpreoto MiR-155-5p, miR-224-5p y cupoBaTLi KpoBi [55]
miR-129-5p, miR-155-5p, miR- | (AUC) naHeni craHoswna 0,903 (95% [I: 0,847- 3HauHo T y nauientis HKK, a miR-1-3p,
200b-3p Ta miR-224-5p 0,944; p < 0,001; SN = 75,61%, SP = 93,67%. miR-124-3p, miR-129-5p Ta miR-200b-3p -
)
MaHenb: miR-155-bp, miR-224- | miR-1-3p, MiR-124-3p, MiR-129-5p Ta miR- Y nauienTis 3 HKK miR-155-5p, miR-224-5p [56]
5p miR-1-3p, miR-124-3p, miR- | 200b-3p y cupoBaTLi KPOBI A1 NEPEBIPKM Ha -TcTyniHb excnpecii, a miR-1-3p, miR-124-
129-5p Ta miR-200b-3p HassHicTb HKK. MnoLwa nig kpusoio (AUC) naxeni | 3p, miR-129-5p Ta miR-200b-3p- sHixeHa.
craHosuna 0903 (95% A: 0,847-0,944; p < 0,001;
SN =75,61%, SP = 93,67%).
Maenb:miR-30c-5p, miR-142- | [inst paHHboi AiarHocTiku HKK. miR-30c-5p, Excnpecis miR-30c-5p, miR-142-3p, miR- [57]
3p, miR-206, miR-223-3p, miR- | miR-142-3p Ta miR-206, 03BONSE PO3PISHATH 206 3MiHeHa Y 3pa3Kax C1pPOBaTKW KPOBI
200c-5p naviexTis 3 HKK 3 AUC- 0,872 (0,811-0919, P < nauieHTiB 3 HKK
0,001), SN= 81.25%, SP= 86,9%.
MaHenb: miR-21 miRNA-210 moxe andepenuitoat cc-HKK 7T pisHi MiRNA-21 npu meTacTasax c-HKK [26, 271.
miR-210 Bin p-HKK. Buwwi piBHi ekcnpecii miR-210 6y miR-210 - BigpisHnT ch-HKK Bia cc-HKK
NOB'A3aHi 3 TIPLLIOK 3aranbHoio BUKMBAHICTIO Y | Ta p-HKK
nauieHtis 3 HKK. piBHi excnpecii miR-211a miR-210 MoXyTb
nonomorTu BiapisHuTK ch-HKK Bin cc-HKK
Ta p-HKK.
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MikpoPHK Xapakrepuctuka 3acrocyBaHHs Ixepeno
MaHenb: miR-498, miR-183, [o3uTIBHA KOPENALIS 3 OHKOLITOMOHD. miR-498 (NoB'a3aHa 3 yTBOPEHHIM [48].
miR-205 Ta miR-31(T) OHKOLMTOMA-CreLmndiyHoi hopmu
BIMeHTHY, Vim3), miR-183 (nos's3aHa 3
1C02), miR-205 Ta miR-31 (cneuwdiuHi Ans
[1jarHOCTUKY [OBPOSKICHOT OHKOLMTOMM).
Ponb MikpoPHK y BUSIBNEHHI ypoTenianbHOi KapLuHOMI BEPXHIX Bia4iniB ce4yoBOro TpakTy
miR-155-5p, miR-15a-5p, miR- | Mo3uTnBHa KOpensLis Npu YpoTenianbHoi MIiR-21-5p HalBaXMBILLIMI NPEANKTOP [58]
21-5p, miR-132-3p i MiR-31-5p | KApLUMHOMM BEPXHIX BiLAiNIB CEYOBOr0 TPAKTY paky ceyosogy (AUC = 0,900) i kaHaunat
(yci p < 0,001) L1719 PaHHbOT AiarHOCTIKM paKy CevoBofy Y
miR-21-5p (AUC = 0,900) NaLliEHTIB 3 HEraTMBHOK LMTONOFIEH Cevi
miR-190 (=) Mo3uTMBHa KOpensLis miR-96 Ta miR-183 1y nauiienTis 3 pakom [59]
miR-96 | miR-183 1 (p =0,006). ceyosoy

TIpumitka.

11, nosipuwnii intepBan; HKK, HupkoBo-kiituHHa kapuuHoma; ccHKK, ceitnoknitunaa HKK; ch-

HKK, xpomodooHa HKK; p-HKK, naninspua HKK; PHK, pubonykneinosa kucnora; AUC (Area Under
the Curve), mroma nin ROC kpuBoto; CO2, Byriekucauii ra3; miR, MikpoPHK; SN, uyrnusicts; SP,
cneuudivnicts; VEGE, akTop pocTy cynMHHOro eHnoTelito; Vim, BIMEHTIH.

Hocaimxenns [48-58] neMOHCTPYIOTH, 1110 KOMOi-
Hallii (maHeJti) nexiibkox MikpoPHK MatoTh Bulily gia-
THOCTUYHY TOUHICTb, HIXK OKpeMi MapKepu.

MikpoPHK y oHKoHedpoJoOriYyHMX NauieHTiB
micjis TpaHcmianTanii HupKu. OKpeMuil iHTepec cTa-
HOBUTb 0co0imBoCTi 3MiHM MikpoPHK y penunieHTiB
TPAaHCIUIAHTOBAaHUX HUPOK 3a HasIBHOCTI MyXJIMHHOTO
npoliecy B iX opraHi3ami. ¥ peLMMi€HTIB Micas TpaH-
cruiaHTauii nopyiieHHs peryisauii MikpoPHK moxe
BimoOpaxaTu $K IMYHHY aKTMBallil0 TPOTU TpaH-
CIJlaHTaTa, TaK i aKTUBALlisl HEOTIACTUYHUX TMPOLIECiB
3a YMOB 3acCTOCyBaHHs1 imyHocymnpecii. Ilicias tpaH-
CIUTaHTAallii HUPKU OpPraH 3a3Ha€ MHOXWUHHUX CTPECO-
BUX BIUIMBIB: illeMis-pernepdysiiiHe MOIIKOIKEHHS,
3aTpuMKa QyHKIIii TpaHcruiantata (3®T), kiiTHHHE
Ta aHTUTLUI-OMOCEPENIKOBaHE BiATOPTHEHHS, XPOHiy-
HUI iHTepcTuLianbHuil Gi6po3 [1, 20]. ITapaienbHo,
Y YaCTUHM PELIMIIEHTIB Yepe3 iMyHOCYIIPECilo 3pocTae
pu3UK po3BUTKY nyxauH, 3okpema HKK y BiacHiii
HUpIli a0 B TpaHCIJIAHTaTi, a TAKOX aKTHUBallisl HEO-
MPOLIECIB B iHIINX TKaHUHAX [65-67].

Amnani3 gocnimxkens [1, 20, 60-64] nokasas, 1o y
Meplli TOAMHU Ta 100U Micisl TpaHCIUIaHTAaLlil 3pocTa-

10Thb piBHI MiR-21-5p , miR-210-3p Ta miR-10a-5p, i
miR-29a y ceui (1K panHi npeauktopu 3PT), Ha T
3HMKEeHHS miR-126-3p y tutasmi. ¥ pasi BiATOprueH-
HSl TpaHCIJIaHTaTa y pasi KJIiTUHHOOTO abo aHTUTIJ-
OIOCEePEeNKOBAHOTO  BiNTOPrHEHHSI TpaHCIUIAaHTaTa
3poctae piBeHb MiR-155-5p (BHacmimokK akTuBallil
M1-makpodariB i T-xaiTuH), miR-21-5p (sx Mapkep
$ibposy Ta axktmsauii 1L-6/STAT3), miR-142-3p,
miR-223 (mapkepu akTuBallii iMyHHUX KJIiTHH) Ta
3HUXYEThCA piBeHb MiR-29b. XpoHiuHa auchyHKILisg
TPaHCIUIAHTATa CYMPOBOIXYETHCS 3HUKEHHSIM BMiCTY
miR-126-3p, miR-29¢ Ta 3poctanHsmM miR-21-5p,
miR-155, sk TpurepiB nporpecytoudoro ¢pioposy. Haii-
yacTille y PEeUMITiEHTIB HUPKOBOrO TpaHCIJIaHTaTa
3MiHIOIOTbC MiR-21-5p, miR-155-5p, miR-210-3p,
miR-10a, miR-29a, miR-126-3p, ay mawieHTiB i3 myx-
JIMHOIO HUPKU XapaKTepHi 3MiHM BKJIIOYaoTh 1 miR-
21, T miR-155, T miR-210, T miR-200c, { miR-30
cimeiictBo, ¥ miR-126,  miR-192/194 [1, 20, 60-67].
ChinbHi MikpoPHK-npodini popMyroTh criijibHi KITI0-
YOBi CUTHATYpPH, 1110 BifoOpaxaroTh OMHAKOBI MeXaHi3-
MU — Trinokcito, 3anaieHHs, EMII, ¢idpo3s, TyOyasip-
Huit ctpec (TadJ. 5).

Tabauys 5
Cninbni mikpoPHK npodini a1st penumi€eHTiB micst TpaHCIUIAaHTALT TA OHKOJIOTIYHUX XBOPHX.

MikpoPHK 3MiHa y peuunieHTiB 3MiHa Y OHKONOTiYHMX CninbHUit MexaHism
miR-21-5p T IMH, BinToprHenHs, $i6po3 T HKK, conigHi nyxnuHm 3ananenHs, TGF-B, dibpos
miR-155-5p 71 BigTOPrHeHHs TpaHcnnaKTaTa T HKK, T metacTasu NF-KB, iMyHHa aKT1BaLs
miR-210-3p 7T iwemis-penepdyais T HKK (rinokcis) HIF-1o., rinokcis
miR-126-3p d y kposi, Ty ceui 4 y kposi, Ty ceui MiKpocyanHHa amchyHKLis
miR-30a/c/e 4y kposi, Ty ceui 4 y kposi, Ty ceui (paHHi) TyBynsipHuii cTpec, EMT
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MikpoPHK 3MiHa y peuunieHTiB

3MiHa y OHKOMOriYHNX CninbHM MexaHi3M

MiR-192-5p / miR-194-5p | ¥ y kposi npn 30T

4 y HKK TybyngpHa andepeHuiallis

miR-200c/b Ty nnaami npu iwemii-penepdyaii 1y nnaami npu HKK EMT, aHriorenes
miR-144-3p 1y nnaawmi / ceyi npu OC 1 npu HKK Ta iHLWMX nyxanHax Nrf2/Keap?, 0C
ITpumitka. I'TTH, roctpe nomkomkeHHs Hupok; EMII, enitenianbHo-Me3eHxiManbHuii epexin; 3T, 3aTpumka

dyHkiii tpaHcmnantata; HKK, HupkoBo-kiituHHa kapiuHoMma; OC, okcuaatuBHuii ctpec; HIF-1a.,
daxkrop, ingykoBaHuii rimokcieto; miR, MikpoPHK; Nrf2, Nuclear factor erythroid 2-related factor 2; TGF-f,

TpaHchopMyouuit hakTop pocty f3.

Otxe, y IBOX cTaHax (TpaHCIUIAHTAT + ITyXJIMHA)
B OpraHi3Mi XBOpOTO aKTHUBYIOThCSI OMHAKOBI CUTHAIb-
Hi LUISIXWA: Tinokcist, ¢@iopo3, NF-xB-3amexHe 3a-
mayieHHs!, MikpocynuHHa aucdyskiisi, OC ta EMII.
IMopiBusinHS npodiniB MikpoPHK moxkasye, 110 TpaH-
CIJIAHTAT HUPKU Ta HUPKOBA MyXJIMHA “IiISTH” CIiJIb-
Hy OioJjioriuHy MmoBy — MikpoPHK-curHartypu crpecy.
Oco0OMMBO 1Ie CTOCYETHCS: MOPYIICHHS MiKpPOIIMPKY-
asinii (3 miR-126), rinokcii (T miR-210), Ty6yasipHoi
nectpykuii (¥ miR-30), imynHoi aktusauii (T miR-
155), di6po3y (T miR-21), Brpatu nudepeHuiarii ermi-
temito (¥ miR-192/194) [1, 20, 68].

TakuM 4yuHOM, Tpo@didi LUPKYTIOYUX Mi-
kpoPHK € mepcrieKTMBHMM HEiHBa3UBHUM iHCTpPY-
MEHTOM JUISI TIOKpAIlleHHS OHKOJIOTIiYHOTO BEICHHS
XBOPUX Ha TPAHCIIAHTALIil0 HUPOK. Y KJIiHIYHUX YMO-
BaX iIX MOXHa BUKOPHCTOBYBAaTU B KiTbKOX KITFOYOBUX
MOMEHTAaX: IJIs paHHbOI HiarHOCTUKM, 3aBIOSKU IXHil
3MaTHOCTI BUSIBJISITH CUTHAIU ITYXJIMHY IO TTOSIBY KJTi-
HIYHMUX a00 pajioJIOTiYHUX JToKa3iB; s cTpaTudika-
il pM3UKY, BUSIBJICHHS MALIIEHTIB, OibII CXUJIBHUX 10
PO3BUTKY paKy Ha MpeTpaHCIUIaHTalliiiHiil abo paHHii
HicIgTpaHCIIaHTalliifHili (a3i Ta paHHBOTO BUSBIIEH-
HSI peUMAUBIB 400 HOBUX IMyXJIMH.

MikpoPHK — mapkepu He(poTOKCHYHOCTI. Y
OoHKoTeparii yacto piBHi Mikpo PHK 3miHIOIOTBCS Y
pa3i BUKOPHMCTAaHHS areHTiB 3 HEMPOTOKCUIHUM IIO-
TeHIIiaJoM (HAIIpUKJIad, [MUCIUIATUH, iMyHHI iHTiOiTO-
pU, TapreTHi 3aco0M, aHTUMIKpPOOHi 3aco0u, KOHTp-
acTHi areHTH). TakoxX, BU3HAYeHHS piBHIB MikpoPHK
0COOIMBO TIEPCIIEKTUBHO y (apmakoHarmsmi (drug-

induced kidney injury), ocKiJIbK¥ 3MiHH iX piBHIiB 1al0Th
3MOI'Y BUSIBUTH paHHE TYOYJISIpHE ITOIIKOMXCHHS ITif
Yyac/miciist Kypcy TOKCUIHOI XiMioTepartii (HalpuKJIa,
uucruiatud). Tak, YWCIeHHi NOCHiIKEHHS BUSBUIU
3mian MiKpoPHK (miR-21, miR-34a, miR-214-3p,
miR-483-5p, miR-6805-5p Tomio) y mia3mi/ceui, sKi
MepeayloTh IIBUIICHHIO KpeaTWHiHy 3a YMOB ¢op-
MyBaHHsI IIMCIUIATUH-iHIYKOBaHOI HE(GPOTOKCHUIHOC-
Ti 3 HacTtynmHuM possutkom I'TIH [1, 6, 7, 9, 10, 70,
71]. Mera-aHaii3 mOCIiIKeHb Ha IIypax imeHTudiKy-
BaB miR-192-5p B ceui 9K TMoTeHLifHOTO KaHauaaTa,
crenniyHOro came IS IMTPOKCHMAIPHUX KaHAJIBIIiB.
PiBenp miR-23a-3p OyB migBuiLeHnit y KIyOo4YKax Ta
y cedi 1IypiB, sIKi oTpuMyBaiu gokcopyoiuuH. [lanenb
MikpoPHK ceui Ha ocHoBi MikpoPHK 3 nokanizauiero
B KiIybouKax (Hampukiam, miR-23a-3p), mpokcnmais-
HUX KaHAJbIIX (Harmpukiana, miR-192-5p), ToBcToi Bu-
cxigHoi rinku netai I'erne (Hampukiam, miRs-221-3p,
-22-3p Ta -210-3p) Ta 36ipHUX TPYOOUOK (HAIIPUKIIALI,
miR-210-3p) Moxke OyTH KOPUCHOIO ISl TOTIOTpaMHM Ta
nudepeHlialiil Jokanizalil ypaxkeHb HUPOK, 30Kpema,
BUKJIMKAHUX JIiIKapchbKUMU 3acobamiu [39, 72]. Josene-
Ha yyacTth miR-378 y mucrmarnH-inmykoBanomy I'TTH
[4] Ta mokaszano, mo miR-378 3aiydeHa 1O pO3BUTKY
anonTo3y, OC, ¢idbpo3y. Y Moaeri KOHTpacT-iHIyKOBa-
Ho1 HedporaTii KoHCTaTyBaJIM ITiIBUILIEHHS PiBHSI miR-
30a/30c/30e [2]. TIpoTe HEOOXigHO 3ayBaXKUTH, IO
xomHa MikpoPHK He € pyrmHHO peKOMeHIOBaHOIO/
3aTBEPIKCHOIO IIJIT MOHITOPMHTY HE(GPOTOKCHMIHOCTI
MPOTUITYXJIMHHOI Teparlii, ofHaK HalOiIbll OOIPyHTO-
BaHi KaHIWAATH MOIaHi y Ta0ImiLi 6.

Tabauys 6

MikpoPHK — noreHuiiini 6ioMapKepu 1Jisi pAHHBOT0 BHSIBJICHHS TA XaPAKTEPHUCTHKH NOMKOKEHHS HHPOK
32 YMOB 3aCTOCYBAHHS NMPOTUITYXJIMHHOI Tepanii y OHKOHe(POJIoriYHnX NanieHTiB

MikpoPHK XapakTepuctuka 3acrocyBaHHg Ixepeno

miR-210-3p MapKep rinokcii Ta NOLIKOLKEHHS BUCXIAHOT Piserb T 3a YMOB 33CTOCYBaHHS [2]
YaCTUHM NeTni feHne Ta 36ipHKX NPOTOKIB. LUMCINATUHY Ta AOKCOPYBILHY.

miR-21 Mog'a3aHa 3 ibporeHe30M, NpOTU3ananbHOK LincnnatuH-iHoykosaxe IMTH/ [1,6,22, 43, 73]
pEerynsLieto Ta anonTo3oM; HEPOTOKCUYHICTD.

miR-34a-5p lokasaHa posb Y MOAENSX LUMCNIATVH-IHLYKOBAHOMO | 3aranbHuit iHGUKATOP TOKCUYHOCTI. (6]
[TH.

miR-31a-5p Ta miR-205-5p | Cneundiyxi Ang AncTanbHUX KaHanbLiB Ta 36ipHMX Mapkep NOLLKOMKEHb, [74]
MPOTOKIB. CNPUYMHEHMX aMDOTEPULIMHOM B.
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MikpoPHK Xapakrtepucrtuka 3acTocyBaHHs I>xepeno

miR-30c-5p MapKep TOKCUYHOrO CTPECY: MOKA3aHo, L0 J Y Pasi LMCnnaTuH-iHayKoBaHoro [37]
MaHinynauis miR-30C 3MiHKOE NOLIKOAKEHHS noLukomxens, Ty ceui sk paHHiit
KaHanbLis. Mapkep [TTH.

miR-6805-5p JlocnimkyroTbCst Ans PaHHLOTO BUSBNIEHHS MapKepu umcnnaTuH-iHayKoBaHoi [69]

miR-122-5p: MOLLIKOLKEHHS], CTIPUYMHEHOTO LIMCTINIATUHOM. HePOTOKCUYHOCTI.

miR-15a-5p:

miR-16-5p:

miR-200c-3p:

miR-214-3p MoB'93aHa 3 NOCUNEHHIM (GepponTo3y Yepes Mapkep umcnnaTuH-iHoyKoBaHoro [2]
MileHb GPX4 y umcnnaTuH-iaykosaHoMmy [TTH. [TH.

miR-483-5p, miR-6805-5p | IHAyKyeTbes umcnnatuHoM; cnpuse OC, anonTosy 3MiHIOBaANMCA NiCns LMKIiB [69]
KaHanbLieBix KnitiH (target GPX3) LMCTINATHHY.

MiR-21, miR-155, miR-192 | PisHi 3pocTatoTb y pasi ximiotepanii (Lucnnatus, T Yy Nnasmi BXe Yepes 24 rop nicns m
kap6onnaTuH, ihocdamin), Wwo suknmkae OC i BBEEHHS Mpenapary.
anonTo3 TyBYNSPHUX KIITHH.

miR-378 PiBHi 3MiHI0KOTbCS Y pasi 3aCTOCYBaHHs XiMioTepanii, | PiBeHb Yy cevi Kopenioe 3 (4]
wo Buknkae OC i anonTo3 TybyNSpHUX KIITHH. BMPASHICTIO MOLLKOLKEHHS

NPOKCUMATIbHNX KaHaMbLLB.

miR-126, miR-210 Mapkepw BuBy TapreTHoi Tepanii (iHribitopu VEGF | { acouiiioae 3 eHnoTeniansHim [75]
TUPO3UHKIHA3HI HFIBITOPK — CYHITUHIB, COpadeHit), | NOLUKOAKEHHIM.
MOPYLUEHHS HUPKOBOI Nepdysii Yepes CyanHHY
LUCOYHKLH.

miR-155miR-223 BinobpaxatoTb iMyHHI MEXaHi3M NOLLIKOMKEHHS 1 miR-155 i miR-223 — MapKepiB [31,32]
Mapkep BrnvBy iMyHotepanii (autu-PD-1/PD-L1, iIMyHHOI aKTMBaLlii. miR-155 -Mapkep
aHTU-CTLA-4), aKa MoXe iHIyKyBaT ayToiMyHHMIA iIMYHHOrO MOLLKOLKEHHS HAPKM Mpu
IHTEPCTULINHNA HedPHT. |Cl-Tepanii.

miR-375 Mapkep KMiTMHHOMO NOLIKOMXEHHS. PiBeHb miR-375 3pocTae B Mopiensx [76]
BuKopuCTOBYETLCS 491 PAHHBOTO BUABNEHHS Ta LMCNNATUHOBOI HEDPOTOKCUYHOCTI.
NPOrHO3yBaHHS HEPPOTOKCUYHOCTI

miR-192-5p, miR-30c-5p PaHHi MapKepy rocTpOro NOLLIKOAXEHHS HUPKOBUX [Ins paHHLOrO BUSIBNEHHS Ta [39]
KaHanbLiB. [X piBHI 3HAYHO NIABMULLLYHOTHCS B CEYi BXE | MPOrHO3yBaHHS HEPPOTOKCUYHOCTI
yepes 2 roAyuHu nicng iLemMivyHoro abo TOKCUYHOTo NIKiB.
BII/UBY.

miR-3168, MiR-6125, miR- | MpeanKTopu HEGPOTOKCUYHOCTI, CNPUYUHEHOT BusBNAIOTH NALEHTIB i3 BUCOKAM [77]

4718 LMCNNATUHOM, Y NNa3Mi KPOBI NALJEHTIB LLe A0 pu3unkoM [H.
1noYaTKy NikyBaHHS.

let-7g-5p, miR-93-5p, miR- | BMCOKi KOHLEHTPALi y Ceyi nicns AikyBaHHS [oTeHLiiHI biomMapkepm 78]

191a-5p, miR-192-5p: LIMCNIATHOM KOPENHOKTh 3 TSKKICTHO MOLLKOIKEHHS | HEDPOTOKCUYHOCTI Ta
HWUPKOBMX KaHarbLiB. MOLLKOKEHHS KaHanbLB.

miR-10a, miR-18a, miR- BusHaueHHs piBHa Lmx MikpoPHK Moxe gonoMorTi | ToTeHuiiHi iomapkepu (48]

20a, miR-25, miR-26a, AMbEpEHLBaT MEXaHI3M MOLLIKOIKEHHS HedPOTOKCUYHOCTI.

miR-29¢, miR-34a, miR- (anonTos, hi6pos, 3ananeHHs).

106b, miR-107, miR-142-3p,

miR-188-5p, MiR-335, miR-

489, miR-572, Ta miR-690:

[Mpumitka.

I'TTH, roctpe momkomkeHHst HUpoK; ICI-Teparis, iHTi6iTOPY KOHTPOJILHUX TOUYOK iMyHHOTO Binmosini, OC,

okcunatuBHuit ctpec; GPX, Glutathione peroxidase; miR,mikpoPHK; VEGE, dakTop pocty cynuHHOTO
CeHI0TeJIi0.

OTXe, MOHITOPUHT HE(PPOTOKCUYHOCTI JIiKiB 3 BU-  TUITY MOIIKOMXEHHS (HEPPOTOKCUYHUIA UM iHIINIA) Ta
kopuctanHaM MikpoPHK no3Bosisie ineHTUhiKyBaT KOpeKIlilo Teparii 10 po3BUTKY Tsxkkoro I'TIH.
nauieHTtiB 3 panHiM ['TIH, nmpoBectn nudepeHuiaiio
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HdiarHoctuuna 3Haynmicth MikpoPHK. Ewm-
MipUYHi AaHi OCTAaHHiIX POKiB MiATBEPIXYIOTh MO-
TeHllian Bu3HaueHHs Mikpo PHK gk 6iomapkepis
Yy KUTbKOX HampsMKax: (1) okpemi nupKyJo0di abo
acouiiioBaHi 3 ceuero MikpoPHK kopentooTs i3 ro-
CTPUM TYOYJSIPHUM MOIIKOIXEHHSIM, BKJIIOUHO 3 He-
(pPOTOKCUYHICTIO, CIPUYMHEHOIO LUCIIATUHOM; (2)
BusHaueHHs1 MikpoPHK Ta ex3ocom- MikpoPHK ne-
MOHCTPYIOTh Kpallly AiaTHOCTUYHY MNPOAYKTUBHICTb;
(3) y konTekcti HKK BuaineHi cneuudiuHi curHary-
pu MikpoPHK, 1o MoXXyTh foIOMAaraTu y CKpuHiHTY,

cTpatudikalii pu3uKy Ta NPOrHO3yBaHHiI BiAMOBiIi
Ha JlikyBaHHS. OHaK OiNbILIICTh NOCTiAXEHD BCE 1€
MaloTh OOMEXEHHS 00 PO3MipiB KOTOPT NaIli€EHTIB,
cTaHAapTU3allil NpeaHaJiTUUHUX MPOLEeAYp Ta He3a-
JiexXHoi Bajigauii mokasnukis [1, 2, 3, 5, 12, 24, 27,
43, 49, 59, 72].

YV CyKymHOCTi omnucaHi BMIIE JaHi J03BOJISIIOTH
CTBEPIXYBaTU, 110 MPOdiab HUPKYIIOIOUYNX Ta CEYO-
Bux MikpoPHK € uyTnuBoio Ta paHHBOIO CUCTEMOIO,
10 BimoOpaxkae BiAMOBiAI HUPOK Ha Oydb-SIKWIl TUII
crpecy (tabi. 7).

Tabauys 7
«Crtpecosi» MikpoPHK aiarHocTuyno 3Ha4uMi 1715 OHKOHE(POJIOTIYHUX NMALiEHTIB
gk Koporka bioxiMiyHa ponb AT Tun ctpecy Tun NOLLKOAKEHHS PEK? M.eHAOBa.H"ﬁ uac/
PHK 3pasokK TaUMIHT BUMipIOBaHb
miR-210 HIF-Tou rinokcis Mnasma/ceva rinokcis HKK 2-4 TWXHI
miR-21 ®i6pos, PTENY Mnasma/ceva 0idpos HKK/XXH 7-30 oHis
miR-155 NF-«B, 3ananeuHs Mnasma 3ananeHHs HKK 3-7 nHis
miR-223 IMyHHa perynsis Mnasma 3ananeHHs XXH/HKK 2-4 TUXHI
miR- AHTNDiGPO3 Mnasma/ceva Dibpos XXH 1 pas/mic
29a/b/c
miR- KaHanbliesnin Hekpo3 Ceya/Kpos [MH IMH 0-48 ron
30a/c/e
miR-200a | EMM lnasma EMN HKK 2-3 TWXHI
miR-125b | AnonTo3 lnasma Anonro3 TMH/HKK 48 rop + LWOTWXOEHS
miR-144 oc Mnasma ocC HKK 2-4 TWXH
miR-451 [nomMepynspHe NOLLKOAXKEHHS Ceva [nomepynsapHnn XXH+pak 1-2 TXHI
CTpec
miR-192-3p | TybyndpHa perynsuis Mnasma/ceda KaHanbLiesni cTpec XXH MiCI4HO
miR-93 Mponidepalis, VEGF lnasma AHrioreHes HKK 2 TUXHI
miR-25 AHTMENONTOTUYHUA Mnasma Anonros HKK 3 TUXHI
miR-374a | MyxnuHHMIA MeTaboni3M Mnasma [yxnuHa HKK 2-3 TUXHI
miR-612 IHBa3is/MeTacTasn Mnasma TyXMHHNA CTPEC HKK 2 TUXHI
miR-766 AxTnnponidepatveHa Mnasma [yXAMHHWIA CTPEc HKK MICSYHO
miR-501 TybynapHe NOLKOIXEHHS Ceva [MH MH 0-72 ron,
miR-423-5p | MeTaboniunuii cTpec lna3sma XXH/ceplie-Hupka XXH+pak 4 TUXHI
miR-378a | AHrioreHes Mna3sma Finokcis HKK 2 TUXHI
miR-7 EGFR-curHanisais [na3ma [yXAMHHUA CTPEC HKK 2 TWXH
miR-30d KaHanbLieBnit cTpec Ceva Iuemis /penepdysis [MH 0-48 ron
miR-451b | NomepynspHa aMCOyHKLs Ceva [noMepynspHuii XXH 1-2 TWXHI
cTpec
miR-24 0cC Mna3sma 0C [MH 0-72 ron
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Mikpo Koportka bioxiMiyHa ponb bionoriHui Tun cTpecy Tun NOLWKOAXKEHHS PeKPM.eHHOBa.HMﬁ ac/
PHK 3pasok TaUMIHT BUMIpIOBaHb

miR-128 [TyxnMHHa nporpecis lna3sma [yxnuHa HKK 2 TUXH

miR-652 IMyHHWIA ancbanaHc Mna3ma 3ananeHHs XXH+oHKonoriq 2-4 TUXH
miR-130b | MeTacTaTyHuin noTeHLian [na3ma [yXAMHHWA CTPEC HKK 2 TUXHi

miR-138 AnTn-EMIN Mnasma EMN HKK 2-3 TUXHI
miR-205 EnitenianbHa cTabinbHicTb Mnasma EMIN HKK 2-4 TWXHI

IIpumitka. I'TTH, roctpe nomkomkeHHs HUpokK; EMII, emitenianbHo-Me3enxiMmanbHuit nepexin; ICI-teparmis, iHri6itopu

KOHTPOJIbHUX TOYOK iMyHHoro Bianosiai, HKK, HupkoBo-kiitnHHa KapuuHoMa; OC, oKcUIaTUBHUI CTpec;
XXH, xponiuna xgopoba Hupok; EGFR-curnamizanist, CMrHaIbHUI IIISIX peliernTopa emiiepMaTbHOTO
dakTopa pocty; HIF-1a , innykoBaHuii rimokcieto ¢akrop; miR,mMikpoPHK; Nrf2, Nuclear factor erythroid
2-related factor 2. PTEN, phosphatase and tensin homolog deleted on chromosome 10;. VEGE, ¢pakTop pocty

CYAUHHOTIO eHJI0TeJIil0.

Otxe, uupKyaoo4i Ta ceyoBi MikpoPHK moxxHa
pO3TsaaTu K 0i0J0TriYuHO OOIPYHTOBAHI, BUCOKOCIEe-
HU(piYHI Ta TEXHOJOTIYHO JOCTYITHI MapKepH MOIIKO-
IXeHb HUPOK. IIpoTe HeoOXigHO BpaxoByBaTH, 110 YyCi
BOHM MAIOTh JIUIIIE TOCTIAHY IIATPUMKY SIK TIEePCIIeK-
TUBHI OiOMapKepu NOLIKOMXEHHS HUPOK. Xoya Oa-
rato AOCJiIXeHb I MiATBePAXYIOTh NEePCIEKTUBHICTh
MikpoPHK sk 6GioMmapkepiB MOLIKOMKXEHHSI HUPOK,
Hapasi HeMa€ JOCTAaTHbOI KiJIbKOCTI BEIMKUX KIIiHiY-
HUX BUITPOOYBaHb a00 0illifHUX HACTAHOB, IO PEKO-
MEHIYIOTh KOHKPETHI MOporoBi 3HaueHHs1 MikpoPHK
JITS JiaTHOCTUKU, HOCI HeCTaHIapTU30BaHi ruiaTdop-
MU TeCTYBaHHS B KJIiHIYHMX JIJaOopaTOpisiX Ta BiACYyTHI
KEepiBHULITBA 1100 iHTepHpeTallii pe3yJabTaTiB BiANo-
BimHO J0 cTamii Ta TUIy HepoTOKCHMYHOCTI. Ilepexin
Bifl JOCHIIAHULILKOTO A0 MPAaKTUYHOIO BUKOPUCTAHHS
noTpedye MiATBEPIKEHHSI KOpEssuil 3 KIiHIYHUMU
pe3yibTaTaMy (Hampukiaan, 3MiHU piBHIB MikpoPHK
Ta TPOJOBXEHHSI HUPKOBOI (PyHKIIiI a00 3MEHIIIEHHS
nporpecyBaHHs1). Ha cborogHi MOHITOPUHT 3MiH piBHS
MikpoPHK Moxe cTraTu gomaTKOBUM iHCTPYMEHTOM
IIOA0 PaHHBOTO BUSBICHHS HEDPOTOKCUIHOCTI IPO-
TUNYXJMHHUX 3aC00iB Ta ONTUMI3allil JIiKyBaHHS, a iX
IMOJAaJIbIlIe BUBYCHHS Ta CTaHIAPTU3AaIlisl METOIUK BH-
MipIOBaHHS MOXYTh CTaTU KJIIOUEM IO CTBOPEHHS HO-
BUX AiaTHOCTUYHUX ITaHeJIeld Ta aJrOPUTMIB paHHbOIL
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Abstract. The article is the second part of a review series devoted to metabolomic
aspects of nephroprotection in cardiorenal-metabolic comorbidity and the pleiotropic
effects of sodium-glucose cotransporter 2 (SGLT2) inhibitors. Cardiorenal-metabolic
syndrome, which integrates hypertension, type 2 diabetes mellitus, ischemic heart disease,
and obesity, represents a pathological continuum associated with a high risk of chronic
kidney disease (CKD) progression and cardiovascular events. Although SGLT?2 inhibitors
have fundamentally changed the organ-protective paradigm, clinical response remains
heterogeneous, underscoring the need for predictive tools and personalized strategies. This
review summarizes current clinical, experimental, and metabolomic evidence regarding
the mechanisms underlying SGLT2 inhibitor—mediated nephroprotection. Patients with
CKD in the setting of metabolic comorbidity demonstrate a characteristic metabolomic
profile marked by mitochondrial dysfunction, impaired energy metabolism, accumulation
of branched-chain amino acids, dysregulation of tricarboxylic acid cycle intermediates,
oxidative stress, and chronic inflammation. Urinary §-hydroxy-2 -deoxyguanosine is
highlighted as a marker of DNA damage associated with albuminuria and glomerular
filtration rate decline. SGLT2 inhibitors induce metabolic reprogramming toward more
energy-efficient substrate utilization, restore mitochondrial bioenergetics, reduce renal
hypoxia, and modulate lipidomic and inflammatory pathways. ldentified metabolomic shifts
correlate with regression of albuminuria and improved cardiovascular outcomes. Emerging
data on biomarker panels, SLC5A2 genetic variants, and epigenetic mechanisms further
support the concept of precision nephroprotection. Metabolomics is therefore evolving
from a research tool into a promising clinical approach for patient stratification within the
cardiorenal-metabolic continuum.

Keywords: SGLT2 inhibitors, cardiorenal-metabolic syndrome; chronic kidney disease;
metabolomics; nephroprotection; precision medicine.
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InridoiTopu HATPIii-IJII0KO3HOr0 KOTPaHCNIOPTEPA 2-T0 TUITY B KOHTEKCTI
KapaiopeHaJIbHO-MeTa00.J1iyHoi KoMopOiaHocTi. YacTuHa 2: MeTa00 10MidHi
acnekTH HeponpoTeKuii

XapkiBcbKkuit HallioHaapLHUI yHiBepeuTeT iMeHi B. H. Kapasina, Xapkis, Ykpaina
2JlepxaBHa ycTaHOBa «HauioHanbHUi iHcTUTYT Teparii imeHi JI. T. Manoi
HamioHnanbHoi akagemii MeIUUHUX HayK YKpaiHu», XapKiB, YKpaiHa
3CyMcbKuit gepxkaBHuit yHiBepenutet, M. Cymu, YKpaiHa
4TaJuriHHCBKUI TeXHOJIOTiUHMIA YHiBepcuteT, M. TayutinH, EcToHis

Pestome. Poboma e dpyeoro wacmunoro cepii 0en50i8, NPUCESIUEHUX MeMAOONOMIYHUM ACNEKMAaM Hepponpomex -
yii 8 ymoseax KapoiopeHanbHO-MemabdoniuHoi KomopbioHocmi ma naetiomponHum eghexmam ineibimopie Hampiii-enro-
K03H020 KompaHcnopmepa 2-eo muny (iSGLT2). Kapdiopenanrvho-memaboniunuii cuHOpom, wjo 00 €OHye apmepiaivHy
einepmensiio, yykposuii diabem 2-eo0 muny, iwleMiuHy X6opoby cepus ma OMCUPIiHHI, OpMYE NAmMoA0IMHUI KOHMUHY -
VM I3 GUCOKUM PUBUKOM NpOSPpecy8aHts Xpouiunoi xeopobu nupox (XXH) i cepyeso-cydunnux nodiii. Hezeaxcarouu na
cymmegy opeanonpomexmusHy egpexmuenicmo iSGLT2, kainiuna 6ionosios € eemepoeeHHOI0, W0 3yMOBAIOE Nompedy 6
nepconanizoeanux nioxooax. Y uybomy 0eas0i y3aeasbHeHo Cy4acHi KAIHIYHI, eKCnepUMeHmManvii ma MemaooiomHi daui
wodo mexariamie Heghponpomexuii, onocepedxosanoi iSGLT2. Ilayienmu 3 XXH na mai memaboniunoi Komopoionocmi
Maroms XxapaKkmepHuii MemadoioMHUL npoQins i3 03HAKaAMU MIMOXOHOPIAAbHOI UCYHKUIT, enepeemuuHo2o deghiyumy,
HAKONUYEHHS AMIHOKUCAOM i3 PO32ANYICEHUM OIYHUM NAHUIO20M, OUCPe2YAAUIT YUKAY MPUKAPOOHOBUX KUCAOM, OKCUOA -
mueHo20 cmpecy ma XporiuHoe2o 3ananents. Pieenv 8-eidpokcu-2 -0e3okcueyano3zuny 6 ceui po3ensioaemocs K mMapkep
yukoodxcenns JIHK, acouitioganuil 3 arvbyminypicio ma 3HUNCeHHAM weuodkocmi Kayoouxoegoi ginompauii. iSGLT?2 in-
dykyroms memaboniune nepenpoepamyeanHts 3 8i0HOBAEHHIM MiMOXOHOPIaAbHOI bioeHepeemuUKU, 3MeHUIeHHAM HUPKOBOT
2inokcii ma moougpixayicro ainidomHoeo il 3ananvHoco npoginio. Busenreni memaboromui 3cysu Kopearoroms i3 pecpecom
anbOYMIHYpii ma nOKpauweHHAM cepuyeeo-cyOuHHUX peayabmamis. Jlani wjo0o naueneil diomapkepie, eeHeMuU4HUX 8api-
anmie SLC5A2 ma enieenemuuHux mexauizmie niomeepoicyroms nepcneKmugHicmos nepcoHanizo8anHoi Hegponpomexuyii.
Memaboaomika po3ensdaemvcs AK NOMEHYIHHUL KAITHIYHUL iHCmpYyMeHm cmpamugikayii nayicumis y mexcax kapoio-
DEHANbHO-MeMA00NIMH020 KOHMUHYYMY.

Kmouogi ciioBa: incioimopu SGLT2; kapdiopenanbrho-memaboniunuii CUHOPOM,; XPOHIUHA X80p0OA HUPOK ; Mema-
boa0MiKa; HeghponpomeKyis,; nepcoHariz08ana MeOUuyUHa.

Bceryn. Tsarap HeiHdexiitHUX 3aXBOpIOBaHb MPO-
NIOBXY€E 3pOCTaTM B YCbOMY CBiTi, IpUYOMYy Kapaio-

piB  HATpiii-IJIOKO3HOIO KOTpaHCIopTepa 2-TO
tuny (aAm1.  Sodium-glucose cotransporter 2

peHambHO-MeTabomiuanl (KPM) curapom € eritieH-
tpoM i€l kpusu [ 1]. Leit cunapom, sikuii iBisie CO0010
MATOJIOTIYHNI KOHTUHYYM, IO 00’€AHYE apTepiaabHy
rimeprensito (Al'), mykposuii giadbet 2-ro Tumy (LI12),
imemiuHy xBopo0Oy cepist (IXC) ta oxupinHs, popmye
TaK 3BaHUIl cMepreiabHUil KBapreT [2, 3]. YpaxeH-
HSI HUPOK (XpOHiuHA XBopoba HupoK, XXH) y nmpomy
KOHTEKCTi € He IIPOCTO YCKJIATHEHHSIM, a HEBilIl' €eMHUM
KOMITOHEHTOM Ta ITOTYXHUM IIPEINKTOPOM 3arajbHOl
cepueso-cynuuHoi (CC) cmeprHOCTi [4].

IIpotsirom JIECATUIIITh He(ppOIpPOTEKTUB-
HY CTpaTeriio Oyj0o 30CepemKeHO IIepeBaxkKHO
Ha OJloKadi peHiH-aHTiOTeH3UH-aJbJOCTEPOHO-
Boi cuctemu (PAAC). OpHak mosiBa iHTiOiTO-

Bipa 3aatkina
v.zlatkina@karazin.ua

inhibitors, iSGLT2) — mamarmicdio3uHy, eMmariid-
JIO3WHY, KaHaArIi(pIo3nHy — 3MiHUJIa mapagurMy Ji-
KyBaHHs [5, 6]. 1li mpemapatu MpomeMOHCTPYBaIn
3JaTHICTb HE JIMIlEe KOHTPOJIOBAaTU TJIiKeMilo, aje
i CYTTEBO CIIOBUILHIOBATU IIPOTPECYBAaHHS HUPKO-
BOI HEJOCTATHOCTI Ta 3HMXKYBAaTH CEPILCBO-CYINHHY
CMEPTHICTh He3aJIeXHO Big HasgBHOCTI Aiabdety [7—9]
yet standardized clinical guidelines for managing this
transition remain lacking. Recent studies suggest that
sodium-glucose cotransporter 2 inhibitors (SGLT2i).
IIpore, He3BaXa4YM Ha MOCATHEHHS Ha TIOITYJIS-
LiAHOMY piBHi, y KJIiHiYHii MpakTULi iICHY€E IIpO-
OieMa rereporeHHOCTi BigmoBimi. He Bci maumienTn
pearyloTh OJHAKOBO; iCHYE BapiaOeIbHICTh Yy CTYHEHI
3HUXKEHHSI aJbOyMiHYpil Ta YMOBiJbHEHHI MamiHHS
IIBAAKOCTI KIyooukoBoi ¢imbrpamii (ILIKP). Cy-
YacHi HacTaHOBU pekoMeHayoTh iSGLT2 misa myxke
IIMPOKUX KaTeropiii mamieHTiB (HampHWKiam, 3TiZHO
KDIGO pexkomeHayoTh iHimiamiro 3a IITK® > 20 mi/
xB/1,73 M2 [10]), 110 € BUNIpaBAaHUM, aJie HE AA€ iH-
CTPYMEHTIB JJIs1 TIepCOHai3allii.
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Cepell HU3KM MUTaHb, SKi MOCTalOTh y KIJIiHIUHiA
MpaKkTUlli, aKTyaJIbLHUMU € BU3ZHAUYEHHS MalLi€HTIB, SIKi
OTPUMAIOTh MAaKCUMAaJIbHY KOPUCTh, CIIOCOOU TpO-
THO3YBaHHS BilMOBiJi 10 MOYATKy JiKyBaHHS ab0 Ha
paHHiX eTamax Toio. BigmoBini Ha HUX JexaTh Mo3a
MEXaMU TPAAULIIAHUX KIJTIHIYHUX MapKepiB i BUMara-
I0Th [IUOIIOrO PO3YMiHHS MIEHOTPOITHUX MEXaHi3MiB
nii iSGLT2. i npenapatu € He MPOCTO TIIOKO3ypUY-
HUMU areHTaMU; BOHU € MOTY>XXHUMU METa00TiYHUMU
monyasitopamu [11—13].

JInist Toro, o6 HOCHiIAUTH 1i CKJIaHI IJIeAOTpOTI-
Hi MeXaHi3MU, HEAOCTaTHbO TPAAMLIIMHUX MiAXOMIiB,
sIKi (POKYCYIOTbCS HAa OMHOMY OioMapKepi UM CUTHAIb-
HoMYy wLLISIXy. HeoOXxinHMM € HamaHHS Tri100aibHOL
CUCTEMHOI KapTUHU METa0O0JiYHUX 3MiH B OpPraHi3Mi.
OgHUM 3 BU3HAYHUX MIOXOMIiB IO LILOTO € MeTabo-
JIOMiKa — rajy3b CUCTEMHOI 0i0JIorii, y paMKax sKoi
3MiACHIOIOTh KiIbKICHUI aHaJi3 ychOro Habopy HU3b-
KOMOJIEKYJISIPHUX MeTaboJ1iTiB (MeTabosiomMy) B 0ioJio-
riunux 3paskax [14]. Meta6ojoM € KiHIIeBUM TTPOAYK-
TOM B3a€EMO/Iil FTEHOMY, TPAHCKPUIITOMY, TPOTEOMY Ta
(akTOpiB 30BHILIHBOIO CEPEAOBUILIA, 1110 POOUTH MOTO
HaOAMKYMM 10 KIiHiuHOTrO (eHoTuny [15]. Ananis
BiAMOBiAHUX 3MiH Aa€ 3MOry c(DOpMYTIOBATA HOBI Ti-
MOTE3U 1IOJA0 MOJIEKYJISIPHUX MEXaHi3MiB OpraHoOmpo-
TeK1il Ta BUSIBUTU MOTEHLiliHI 6ioMapKepu IJisl Mpo-
THO3YBaHHS BiAIOBi/i Ha JIIKyBaHHSI.

Merta orasay — cucTeMaTU3yBaTH Ta KPUTUUHO
y3araJabHUTH cydacHi MeTaboIoMHi AaHi o010 iSGLT2
Y KOHTEKCTi HedponpoTeKllii 3a KapJiopeHaTbHOI Me-
TabOJIiYHOT KOMOPOIAHOCTI Ta OKPECIUTH MEPCIEKTHU-
BU IepCOHai3allil Teparmii.

Memaboaomika akx incmpymenm 00cai0xnceHHs
KkapdiopenaivHo-memabdosiunozo konmunyymy. lleit
OMJISII € NPYTOI0 YaCTUHOIO Cepii OMISIAiB, MPUCBSYE-
HUX MeTa0OJOMIYHUM acreKkTaM HedpompoTekilii B
YyMOBax KapJiopeHaJlbHO-MeTabodiuyHOI KoMopbia-
HoCTi Ta mielioTponHuM edektam iSGLT?2. [Tomnepe-
JIHii OyJ0 MPUCBIYEHO OCHOBaM mMaToiziojorii Ta
KJTI0YOBUM KIiHIYHMM nociimkeHHsiM [16]. Y Hbo-
My OyJ10 MOKa3aHo, 110 Pe3yJbTaTU 3HAKOBUX TOCIi-
IKeHb, Takux sk DAPA-CKD [17, 18] ta EMPA-
KIDNEY [19, 20], npoaeMoHCTpyBaiu Oe3mpele-
JNIEHTHE 3HUXXEHHS PU3UKY MPOTPECYBAHHS XPOHIYHOI
xBopoou HUpoK (XXH) ta CC-noaiit, mpruyomy Li Ine-
peBarv nolvproBaaucs Ha nauieHtiB gk 3 LIJ12, Tak i
06e3 Hboro. lle mpu3Besao 10 MIBUAKOI iMIJIEeMeHTaLlii
iSGLT?2 gk Tepamii mepiuoi JdiHii B yciX MPOBiAHUX
MiXXHapOAHUX HACTaHOBaX, BKJIOYarouu IHiliaTuBy
LIOJA0 SIKOCTi pe3yJbTaTiB JIiKyBaHHS HUPKOBUX 3a-
xBoptoBaHb (aHra. Kidney Disease Outcomes Quality
Initiative, KDOQI) [21, 22]; IniuiaTuBy i3 moJir-
LIEHHS TJIO0AIbHUX PE3YJIbTATiB 3aXBOPIOBAHb HUPOK
(anrn. Kidney Disease: Improving Global Outcomes,
KDIGO) [10, 23], pexkomMeHnaliii €Bporneiicbkoro
ToBapucTBa KapmionoriB (anri. European Society of
Cardiology, ESC) [24, 25] Ta AMepuKaHCBKOI acolli-
anii giabety (aHria. American Diabetes Association,
ADA) [26, 27].

3acTocyBaHHSI METa0OJOMIKM 3 BUKOPUCTAH-
HSM Takux IUIaThopM, SK pifuHHA Xpomarorpadis
3 TaHIEMHOI0 Mac-crekTpoMeTpiero (aHmi. liquid
chromatography with tandem mass spectrometry, LC-
MS/MS) Tta smepHO-MarHiTHOpe30HaHCHA CIEKTPO-
ckorisi (aHma. nuclear magnetic resonance, NMR),
JI03BOJISIE iMeHTU(IKyBaTU YHIKaJIbHI «MeTabOJOMHI
MianvcKH» BiAMoBiai Ha Teparito [28, 29], BusBisioun
3MiHU B COTHSIX METa0O0IITiB, SIKi HajlexXaTb 10 Pi3HUX
0ioXiMiYHMX LIJISIXiB — BYIVIEBOJIHOTO, JiliAHOTO, amMi-
HOKMCJIOTHOTO OOMiHY, KETOT€HE3Y Ta LIUKJy TpUKap-
6onoBux kuciot [30].

MeTtabosiomika 103BOJISIE€ iNEeHTU(iIKYBaTU CTIELIU -
(iuHi 6ioMapkepu («MeTabOMIUHI MiAMUCH» ), SKi BiO-
OpaxaroThb (izioNOTiYHMIA CTaH KJAITUHU. Y KOHTEKCTI
nii SGLT2 aHani3yoTh 3MiHM B Tjia3Mi Ta cedi, sKi
OXOIUIIOIOTh JIiMiAHUNA 0OMiH (aUMIKApHITUHU, Poc-
doninigu), aMiHOKACIOTHUUN Npodinb (AMiHOKUCIOTH
3 posrajlyxeHumM 6iuHum Januorom (BCAA), Tpunro-
(an) Ta eHepreTUUHi cydocTpaT (KETOHOBI TiJ1a, iIHTEP-
Meaiatu uukiy Kpe6ca) [31].

baszoeuit memaboaomnuii npoghiav nauyicnmie
i3 XXH y mexcax kapodiopenaibno-memaboaiunozo
konmunyymy. Ilanientu 3 XXH na tmi LIJI2 Ta xo-
MopOinHUX cTaHiB (oxwupiHHS, Al) me a0 mpu3Ha-
yeHHs iHri6itopiB SGLT2 neMOHCTpYIOTb CHELU-
(iuHnil MeTaboniyHUI Mpodisb, IKMUI MOXHA OXa-
pPaKTEepU3YyBATHU SIK CTaH «EHEPreTUYHOTrO TOJIoay» Ta
«MiTOXOHApiaabHOro 0J0Ky». KilouoBi Xxapakrepuc-
TUKUA 0a30BOro Mpo@iaio BKIOYAIOTh HAKOMUYEHHS
BCAA, nucdyHKIlil0o UMKITY TPUKApOOHOBUX KHUC-
Jot (ITK), ypeMiuHi TOKCMHU Ta 3arajieHHs, OKUC-
HU CTpeC TOIO.

IMinBumieni piBHi BCAA (uefiLuH, i3oieinuH,
BaJliH) y IU1a3Mi € MapKepOM iHCYJIiHOPE3UCTEHTHOCTI
Ta MOPYLIEHOTO KaTtaboji3My B HUPKax. ¥ HOpMi HUP-
KM akTUBHO yTuii3yloTb BCAA; ixHE HaKOMUYEHHS
CBiIUUTH MPO AUCHYHKIIIIO TPOKCUMATBbHUX KaHAIb-
uiB [32].

BusiBisitoTh HaKONMUYEHHS iHTEpMeAiaTiB (CyKLIM-
HaTy, hymMapatry) y TKAaHWHi HUPOK Ta Ceyi, 1110 BKa3ye
Ha 0JIOKYBaHHS OKMCHOTO (poCchOpUIIOBaHHS Ta Mepe-
Xinm Ha rikodni3 (edext BapOypra), skuii € MeHII eHep-
roedeKTUBHUM i cripusie pioposy [31].

ITigBunieHi piBHi TpunTodaHy Ta Horo MetTadoi-
TiB (KiHYpEHiHY), a TAKOX 3HUXEHHS PiBHS apriHiHy
Ta LUUTPYJiHY CBiI4aTh MPO €HAOTETiaJbHy NUCHYHK-
{10 Ta XpoHiuHe 3ananeHHs [33, 34].

Bucoki 6a30Bi piBHi 8-rinpokcu-2’-
ne3okcuryaHo3uny (8-OHdAG) y cedi KopentotoTh 3 Mi-
KpOanbOyMiHYpi€l0 Ta CIYTYIOTh MPEIUKTOPOM LIBU/I -
koro 3HmxeHHs [ITK®D [34—36].

3actocyBaHHs iISGLT?2 iHiuitoe cucTeMHi MeTabo-
JIIYHi 3MiHM, IKi BUXOAATH JAJIEKO 32 MEXi ITI0KO3Ypii.
Lleit nmpouec, BigoMuii SIK rirnores3a «€eKOHOMHOTO Cy0-
CTpaTy», NOJISITAE y MEePEXOi OpraHi3My Ha BUKOPHUC-
TaHHS OUTBII e(PEeKTUBHUX IKepes eHepril. Pesynbratu
nocnimkeHHs EmDia npogeMoHcTpyBaiu, 10 Tepartist
eMI1arjaiJI03MHOM MPU3BOAUTD 10 CIieUM@PIYHUX 3MiH
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y mnpodini nizobocharuaunxoninis (LPC). IlinBu-
meHHs piBHA HeHacuuyeHux LPC kopenioe 3i 3MeH-
IIEHHSIM KOPCTKOCTi CYIMH Ta MOKPAILEHHSIM (DyHKIIi1
€HJO0TENiI0, 1110 € BAXJIMBUM JJIS1 MALIIEHTIB 3 KOMOP-
6imHoro AT Ta LIJ12 [37].

Memaboaiune nepenpozpamyeanns nio éniueom
SGLT2-ineioimopie. MetaboaoMiuHi 3MiHU ITiJl BITJIU -
BoM iSGLT?2 He € nuuie enipeHomMeHaMu, a Ge3noce-
PEIHBO KOPETIIOTh 3 KJIIHIYHUMU HaCHiAKaMU, 110
ninTBepaxyeTbes gaHuMu nociipkeHb CREDENCE,
DAPA-CKD ta EMPA-KIDNEY [16, 31].

3acrocyBanHs1 iSGLT2 cnpusitioTh perpecy ajb-
OyMiHypii. 3HUXKEHHS PiBHS CYKIIMHATY Ta MiJBUILIEH-
HS LUTPATy B C€Ui Ma€ CUJIbHY 3BOPOTHY KOPEJSILi0
3i cniBBimHOWmeHHSIM anbOymiH/kKpeatnHiH (UACR).
Lle cBiguuTh MIpO TE, 110 BiAHOBJIEHHS MiTOXOHApPiaib-
HO1 (YHKIIii MOJOUUTIB Ta KaHAJbLIB 0€3M0CcepeHbO
3MeHInye npoteinypito [38]. [TixBuieHHs piBHS epu-
TPOMOETUHY Ta TeMaTOKPUTY (BHACiAOK 3MEHIIEH-
HSI HAPKOBOI TiMOKCii) € He3aJIeXHUM MPEeIUKTOPOM
30epeXeHHs HUPKOBOi (yHKIil. MeTaboJOMiuHO Lie
OB’ S13aHO 3i 3MEHIIIEHHSIM CITOXKWBAaHHS KMCHIO Na+/
K+-AT®a3010 B NpOKCUMalbHUX KaHaubLgx [39].
HunamiyHe 3HUXeHHS piBHSI 8-OHAG Ha ¢doHi Tepa-
nii € MOTYXXHUM MPEIUKTOPOM 3MEHIIEHHS CEPLIEBO-
cynunHux nofin (MACE) ta rocnitanizauiii 3 npuso-
Iy ceplieBoi HemocTaTHocTi [16].

He3Baxawouu Ha goBeAeHY e(peKTUBHIiCTb, 4yac-
THHA nauieHTiB (61u3bko 30—40 %) neMoHCTpyE Cy-
OonTuManbHy BianoBigb Ha Tepaniio iSGLT2. IneH-
TU(diKaLis TAKUX MALIEHTIB € BaXJIUBOIO JJISI TIEPCO-
Hajizauii JikyBaHHs. [neHTUdikoBaHO cnenudiyHy
MaHe b 3 YOTUPHOX OiOMapKepiB y Maa3Mi KpoBi, SKi
MPOTHO3YIOTh BiJICYTHICTh BiNMOBiAi Ha KaHarmid-
no3uH [40]. Lle, 30kpema, peuentop ¢dakTopa He-
kpo3dy nyxiuH 1 (TNFR1) mapkep aktuauii nuis-
xy TNF-a, 10 cBiguuTh NMpo akTUBHE 3amajeHHS;
b6era cybonunuusg menpuny A (MEP1B), depmenrt,
mo 6epe ydyacTb y peMOAETI0OBaHHI MAaTPUKCY Ta 3a-
naneHHi; WAP-noMmeH i3 yoTupma mucyiab@igHUMU
3B’sga3kamMu 2 (WFDC2) Tta peuentop iHTepielikiny- 1
tuny 1 (IL-1RT1).

IManieHTH 3 BUCOKMMU 0A30BUMU PiBHIMM LIAX
MapKepiB MaloTbh «MOJEKYISIPHO 3aKpilieHe» IMO-
IIKOJIXKEHHS HUPOK, SIKE€ € PE3UCTEHTHUM J0 IeMO-
JIUHaMiyHUX Ta MeTabonaiyHux edektiB iSGLT2. ¥V
LIl TpyMi 3HUXEHHS PU3UKY HUPKOBUX MOAill Oyso
MiHiManbHUM (-3,3 %), Tomi SIK y «pecrnoHAepiB»
BoHO csrajio -27,8 % [40]. lle Bka3dye Ha HeoOXim-
HiCTh paHHBOI iHTeHcUbiKalii Tepamii (Hanpukiazi,
nonaBaHHs aroHicTiB GLP-1 a6o dbiHepeHoHy) y Ta-
KWX Malli€HTIiB.

Dapmarxozenemuuni ma eniceHemuuni mexaniz-
mu. I'en SLCS5A2 konye 6inok-Tpancnoptep SGLT2.
I'eHetuuHi Bapiallii B 1IbOMY T'€Hi MOXYTb MOAYJIO-
BaTU e(dEeKTUBHICTh TpemnapaTiB. PiakicHi BapiaHTh
SLC5A2 BUKIMKAOTh CiMEHY HHUPKOBY TJIIOKO-
3ypito. Hocii uux BapiaHTiB MOXYyTb MaTW 3MiHEHY
dapmakoauHamiky iHrioitopiB SGLT2, ockinbku

«MilIEHi-TpaHCTOPTEPU» TSI HUX BXE YaCTKOBO He-
aktuBHi [41]. TliaTBepakeHO NPUYMHHUN 3B’SI30K
MiX FeHEeTUYHO AETePMiHOBAHWM 3HUKEHHSM PiBHS
HbAlc (uepe3 BapianTu SLCS5A2) Ta 30epekeHHSIM
LIK® [42]. [ToniMmopdizm rs3813008 rena SLCS5A2
acoLIiI0ETHCS 3 PI3HOIO KJIIHIYHOIO BiIMOBIAAI0 HA Aa-
nariico3uH y MalieHTIB i3 CeplEeBOI0 HEAOCTATHIC-
TIO, BIUIMBAIOYU HA PU3UK CMEPTHOCTI Ta TOCHIiTaTi-
3awii [43].

HeuogaBHO pO3KPUTO HOBUI eMireHeTUYHUM
MexaHi3m naii iSGLT2 [44]. bnokaga SGLT2 crnpu-
YUHSIE HAKOMMUYEHHS S-aAeHO3UIMETiOHiHY (SAM) y
KJIiITUHAX NPOKCUMAaJIbHUX KaHaJbIiB. ¥ CBOIO Yepry,
SAM BuHCTynae JOHOPOM METWIBHUX Tpyn misi dep-
MEHTIB, fKi 3AiiCHIOIOTh TPUMETUIIOBAHHS TiCTO-
Hy H3 (H3K27me3). lle npu3BOAUTH A0 YIIIIBHEHHS
XpOMATUHY B JiISIHKAX Mpo3anajJbHUX TeHiB (LIsIX
NF-kB), npurniuytouu ixHio ekcrnpecito. Lleit mexa-
Hi3M MOSICHIOE MOTYXHY MPOTU3aNaibHy Mil0 Mpermna-
paTiB, sIKa He 3aJIEXKUTh BiJl 3HUXEHHS PiBHS TJIOKO-
31, i € OCOOJIMBO BaXXJIMBUM [IJIS MALIIEHTIB 3 HOPMO-
[JIiKEMI€EIO.

Ilepcnexkmusu myavmu-omixcnoi cmpamudgi-
Kauii. IHTerpauis MOCHIJHULILKUX IEPCIEKTUB [I0-
3BOJISIE PO3MISIHYTU HUPKY HE MPOCTO SIK OPraH eKc-
Kpellii, a IK UeHTpaJbHUI MeTabOoJiYHUI peryasaTop
roMeocTa3y opraHiamy. 3TifHO 3 Li€l0 KOHUEMII€EIO,
nporpecyBaHHs HUPKOBOI aucdyHkilii 328 KPM cuH-
JIPOMi € HACJiJKOM He JHIlle TeMOANHAMIYHUX MOPY-
ILI€Hb, a i TMOOKOro eHePreTUYHOTO AeiluTy Ta Me-
TabOJIIYHOI PUTITHOCTI KJIITUH HUPKOBUX KaHAJbIIiB.
BinnosinHo, HedpomnpoTekTuBHUi edekT iSGLT2
MOXXHa iHTePIIPETYBATH SIK PE3YJIbTaT «MeTabOiYHO-
ro po3BaHTaXXEHHSI» Ta BiHOBJIEHHSI OioeHepreTuy-
HOi e(DEKTUBHOCTI HA KJIITUHHOMY piBHi [25].

BucHoBku:

1. Iuriéitopu SGLT2 TpaHchopmyBanu JiKyBaHHS
Kapaio-peHaabHO-MeTabOoiYHOTIO CUHAPOMY i 3a-
WHSUIM MPiOPUTETHE Miclle y BCiX KITIOYOBUX KIli-
HIYHUX HaCTaHOBax.

2. KmodyeMm 1o po3yMiHHS TTOTYXXHUX IIEHOTPOITHUX
edexkriB iHriditopiB SGLT?2 € rndoke MmeTaboJtiu-
He TepenporpaMyBaHHs, SIKe BOHM iHIYKYIOTh B
OopraHi3mi.

3. MerabonoMika SIK iHCTpyMEHT CUCTEMHOI 0i0J0-
rii mo3pojwia po3mndpyBaTu Leill yHiKaaTbHUMA
MeTaboJiYHUI MiANuc, 110 JIEXKUTh B OCHOBI Op-
TAaHOTIPOTEKIIii.

4. 3 cyTO DOCHiZHUIIBKOTO iHCTPYMEHTY MeTab0JI0-
MiKa IepPETBOPIOETHCS HA IMOTEHIIMHUNA KJIiHIiY-
HMI iIHCTpYMEHT AJ1s TIepCcoHai3allii.

5. IlepcrieKTMBM TOJAIbIIUX JOOCHIIXEHb IOJIsIra-
IOTh Y MYJIBTU-OMIKCHil cTpaTudikarii, ne moem-
HaHHS TeHOMiKM, 0a30BUX META0OJITiB Ta paHHIX
MeTabOoJIIUHUX 3CYBIB JO3BOJUTDH iIeHTU(IKYBaTH
MiATATINA NALi€HTiB Ta MAKCUMi3yBaTu HedpoIpo-
TEeKTUBHUI MOTeHIiaa Li€l Teparii.
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Editorial information

BUMOIUN AO POBIT, LLIO NOAAIOTLCA AO NMYBAIKALIT
B “YKPAIHCbKWU XXYPHAA HEOPOAOTII TA AIAAIZY”

VY 3B’I3Ky 3 iHASKCYBaHHSIM >XypHally MiXXHapOIHU-
MU TMOIIYKOBUMM CUCTEMaMH Ta MiABUILEHHSIM BMMOTI 10O
o¢hopMIJIEHHSI HAyKOBOIO MaTepiajy, peakoserist popmaiiszye
BUMOTH 110 BHIAHHS UISI €(PEKTHUBHOIO PO3ITOBCIOIKEHHS
MarepialliB y CBiTOBili Mepexi I[HTEpHeT Ta NMpUeTHaAHHS 10
MiXXHapOIHUX HAYKOBUX 0a3 NaHUX.

[IpaBuna nns aBTOpPiB CKJaAeHi BiAMOBIAHO 10 «Eau-
HUX BUMOT JI0 PYKOIKCiB, 110 MOJAIOTHCS Y OiOMEANYHI Xyp-
Hamm» (Uniform Requirements for Manuscripts Submitted to
Biomedical Journals), siki chopmysnboBaHi MixHaponHUM
KOMITETOM peakTopiB MeAWYHUX XypHaliB (International
Committee of Medical Journal Editors) ta MicTaTbCs Ha pe-
cypci ICMJE.org.

XKYPHAJI CTPYKTYPOBAHO
3A 5 OCHOBHUMMU PO3AVIAMMU:

1. Touka 30py

2. IlpobiaemMm opranizauii Ta €KOHOMiIKM He(pPOJOTiuHOT
JIOTIOMOTH

3. OpuriHaJabHi HayKOBi poOOTH
IlIxona Hedposora

5. Penakuiiina iHopmalis, iHhopMallisa mpo HayKoBi ¢o-
pPyMU, KOMEHTapi, pelieH3ii, 3HaMeHHi JaTu.

Iepiuwuii po3ain. B ubomy posaisli ApyKyOTbCS CTATTi,
SIKi BimoOpaxkaloTh TOUKY 30py Ha KOHKPETHY MpolJjieMy aB-
TOpa 41 aBTOPiB.

Hpyruit po3aijl BUCBITIIOE MOXJIMBI LIJISIXU MOKpAILeH-
HSI OpTraHi3alliifHOi CKJIagoBOi MisUTbHOCTI He(hpOJIOTidHOI
cly>kOu B YKpaiHi Ha BCiX eTamax HagaHHS cIielliaji3oBaHi
MEIMYHOI JOMTOMOTH Ta il EKOHOMIYHUIA aHai3.

Y TpeTboMy pO31iJi pO3MIlllyIOTbCS CTATTi, SIKi 3HAOM-
JIATH 3 pe3yIbTaTaMy OPUTIHAIBHUX JOCIiIKEHb.

Poznin “Illkona Hedposmora” apykye poOOTH, METOIO
SIKHX € MIBUIIEHHS] HedPOJIOTiYHOI IpaMOTHOCTI YUTAYiB.

OcraHHiil po3min iHGopMye TpPO OCHOBHI HAyKOBO-
MpakKTUIHI Mofii, my0Jikye peneHsii, penakiiitHy iHbopMa-
uiro i T.1.

Pykonuc pa3om 3 103B0JIOM HA i{OT0 BUKOPUCTAHHS HA -
MPaBJISAETHCS A0 PeNakiii TiIbKM B €JIEKTPOHHOMY BapiaHTi
Yyepe3 OH-JIAlH CUCTEMY, SIKA MICTUTBCS HA CaiTi KypHay.
Y penakuii 31iliCHIOETBCSA ABOCTOPOHHE CJine (AHOHIMHICTD
pelleH3eHTa Ta AaBTOPa) HAYKOBE PelleH3YBAHHH i JliTepaTyp-
He peJaryBaHHs CTaTew.

J03BiJ1 HA BUKOPHCTAHHS PYKONHCY MOXKHA 3aBaHTa-
2KUTH 32 NOCUIAHHSM

CratTi, opopMJieHi 0e3 JoAaepKaHHS MpaBUJl HE MPU-
IMaIOThCs, aBTOPAM HE MOBEPTAIOTHCS.

Y pasi HeraTMBHOI HayKOBOi pelleH3ii, CTaTTi He Iy-
OJIIKYIOTBCSI, aBTOpaM eJl. TOLUTOK HAaJCUJIAEThCI BiITyK 3
MOXKJIMBICTIO JOOMpAIIOBAaHHSI CTATTi UM 3aMiHU ii iHIIUM
MaTepiajioM.

Jlo nyO6hikauii mpuiiMalOThCsl OpUTiHANbHI pOOOTH,
OIJISIAM JIiTepaTypu, JeKIlii, KOPOTKi MOBiIOMJIEHHS, PEeKO-
MeHAaLii MpaKTUYHUM JIiKapsiM, OMUMC BUMAAKiB 3 MPAKTUKMU,
iHdopMallis Mpo HayKoBi (hopyMH.

Penakuisi He npuiimMae paHiule omyOGJikoBaHi poOOTHU
a0o0 CcTaTTi, MPUIHATI 10 APYKY B iHIIKMX BUAAHHSIX.

CraTTi nyOJiKYIOThCSI YKPAIHCHKOIO Ta aHTJilChKOIO
moBamu. aiinm 3i cTarTelo TMpeacTaBIATH Yy Gdopmarti
Microsoft Word (posmupenHss *.doc, *.docx, *.rtf).

HHOCJIIAOBHICTD POSMIIIIEHHA
MATEPIAJTY HACTVYIIHA:

1. Iniuianu Ta npi3Builla aBTOPiB aHIJiIICbKOIO MOBOIO;

2. Ha3ssa craTTi aHIJIiiIChKOIO MOBOIO;
3. Ha3zsa ycraHOBU Ta opraHi3ailii, B sIKiil TpalfOlOTh aBTO-
PM aHIIiICbKOIO MOBOIO;

4. Pe3iome cTarTi aHITiICHKOIO MOBOIO;

5. Koouosi cioBa (8-10 ciiB 4M CJIOBOCIIONYYEHb, IO
PO3KpMBAIOTh 3MIiCT CTaTTi) aHIJIIICHKOIO MOBOIO;

6. VIK;

7. IHiuianu Ta mpi3BuIlAa aBTOPiB MOBOIO, SIKOIO HaIlMCa-
Ha CTaTTs;

8. Ha3zsa craTTi (MOBOIO OpHUTiHANY);

9. Ha3sBa ycTaHOBM Ta opraHi3ailii, B sIKiil palOOTh aB-

TOpH, MiCTO (MOBOIO CTaTTi);

Kirouosi cioBa (8-10 citiB 4M CIOBOCTIONYYEHD, IO

PO3KPMBAIOTh 3MIiCT CTaTTi) MOBOIO CTaTTi;

Pe3tome MOBOIO CTaTTi;

Texcr crarri;

13. Po3kpuTTS MOTEHIIHUX KOH(IIKTIB iHTEepeciB;

14. InpopMalrist Ipo BHECOK KOKHOI'O YIaCHUKA;

15.Crimcok  BUKOpPMCTAaHMX Kepea Mig  Ha3BOIO

«Jliteparypa (References)», ohopMiileHUI1 BiAOBIAHO

[0 cTaHaapTy Vancouver style;

BinoMocTi mpo BigmoBigaapHoro aprtopa: II1Ib, Ha-

YKOBE 3BaHHS, Mocaja Ta Miclie poboTu; e-mail

(000B’s13K0BO) Ta pobounii TenedoH.

10.

11.
12.

16.

@opMaT TEKCTy PYKOmHCY. TeKCT CTaTTi APyKyeThCS
mpudroMm Times New Roman, po3mip 14 pt, 3 moayTopHUM
MiXpSIIKOBUM iHTepBajioM. BincTynu 3 KOXXHOTO OOKY CTO-
piaku 2 cMm. Ha Bci imocTpaitii, rpadiku i Tabauimi MaioTh
OyTU TTOCUJIAaHHS B TEKCTi.

BunineHHst B TeKCTi MOXXHa poOUTH KypcUBOM abo Ha-
niBxupHuM mpudtoMm, HE minkpecneHHaMm. 3 TeKcTy CItin
BUIAJIUTHU BCi IEpeHECeHHSI, TTOBTOPIOBAaHI MPOIYCKU, 3aiiBi
pO3pUBU PAAKIB (B aBTOMAaTUYHOMY pPEXUMi uepe3 cepBic
Microsoft Word “3Haiiti i 3aMiHUTH ).

®Daiin 3 TEKCTOM CTaTTi MiCTUTh BCIO iH(OpMallito 1st
ny0JtiKallii, y TOMy YMCJIi pPUCYHKHM 1 TaOIULI Micid iX MepIio-
O 3raayBaHHSI.

CTpyKTypa pPYKONHCY Ma€ BiAMOBIiZaTH HABEICHOMY
ma6I0Hy (3aJIeXKHO Bill TUITY pOOOTH).
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VK po3mililyeTbcst y BEPXHBOMY JIiBOMY KYTi.

Astopu. IIpisBuiie aBTOpiB BKa3yBaTH IIicls iHiLialiB
(0. C. Ipanos, C. I. IlerpoB), xupHuM mIpudTOM, MO-
BOIO OpUTiHAy Ta aHMIiACbKOIO MOBOIO, BUPIBHIOBAHHS 3a
ueHtpoMm. I1Ib aBTOpiB aHIiICbKOIO HEOOXiZHO BKa3yBaTu
BIIMOBIHO 3 3aKOPIOHHUM TAcMOpPTOM, a00 SIK B paHillie
OITy0JIIKOBaHUX 3apyOixKHMX XYypHAJIbHUX CTAaTTSIX. ABTOpH,
SIKi MyOJIIKYIOThCSI BIIEpIe i HE MalOTh 3aKOPAOHHOTO Iac-
nopra, MalTb CKOPUCTATHCS CTAHIApTOM TpaHCIiTepallii
KMY—-2010.

BaxaHo nomatu mocujaHHS Ha BiacHi odiuiiHi iH-
TepHeT cTopiHku aBTopa(iB) (https://....... ), Scopus ID,
Researcher ID a6o0 ORCID ID pjis po3MileHHs rirneprnocu-
JIaHHSI Ha caiiTi XXypHaiy Ta pdf-Bepcii crarri.

Ha3sga cTaTTi aH1iiicbKOI0 MOBOIO Ta MOBOIO OpUTiHA-
JIy PO3MIIIYEThCS 3a LIEHTPOM ITiCJIsI MPi3BUIL aBTOPIB KUP-
HuMm mpudToM («OniHKa pe3uayaibHoi QYHKHii HHPOK y
xpopux Ha XXH V]I CT. Ta nminxoau no ii 30epexkeHHs»).
AHTJIOMOBHA Ha3Ba Ma€ OYTH rPaMOTHOIO 3 TOUKM 30py aH-
IJificbkOi MOBM Ta TOBHICTIO BiAMoBiZaTH yKpaiHO/pociii-
CbKOMOBHIi#1 Ha3Bi 32 3MiCTOM.

YcranoBa. HeoOxinHo HaBoauTu odilliiiHy MOBHY Ha-
3BY ycTaHOBHU (0e3 ckopoueHb). [Ticsist Ha3BU yCTaHOBM Yepe3
KOMY 3a3HaYMTHU HA3BY MicTa Ta KpaiHM. AKILO y H1OCTiIKeH-
Hi OpaJiv y4yacTbh aBTOPU 3 Pi3HUX YCTAHOB, CJIiJl CITiBBiIHECTU
Ha3BM YCTAHOB i Mpi3BHIlla aBTOPiB 3a AOIOMOIol0 Ludpo-
BUX iHAEKCIiB y BepXHboMy perictpi. [1ig Ha3Bo1o HeOOXiTHO
noaatu iHTepHeT aapecy (https://....... ) odiliiHOI CTOPiHKHU
YCTaHOBM.

Pedepar (six1o po6oTa opuriHaabHa) Ma€ GYTH CTPYK-
TypOBaHUM: M€Ta, MaTepiaau i METOIU, Pe3yJIbTaTh, BUCHO-
BKU. Pedepar mMae mMOBHICTIO BiAIoOBigaTU 3MicTy poOOTH,
oo0csar Tekery He menme 1 800 3HakiB (3 mpomyckamu). Pe-
3l0Me 10 MyOJliKalliif, 1110 MOMalThCs B iHI PO3AUIH Xyp-
Hany (1,2,4,5) opopMIsSIETbCS JOBIILHO, ajie 3 TAKUM CaMUM
00CcsroM.

AHTJIOMOBHA BEPCisl pe3loMe CTaTTi 32 3MiCTOM i CTPYK-
Typoto (Aim, Methods, Results, Conclusions) nmoBHicTIo Biz-
MOBia€e yKpaiHo/poCiiicChKOMOBHI.

Kmouogi ciioBa. HeoGxinHo BKa3aTu KJIIOYOBi CJIOBa —
Big 3 po 10 pis iHOeKCyBaHHS CTATTi B MOLIYKOBUX CUCTE-
max. Ki11o4oBi cjioBa MOBHICTIO BifllIOBiIal0Th yKpaiHCbKOIO/
POCiICBKOIO Ta aHIJiICbKOI0 MOBOIO. /111 BUOOPY KITIOUOBUX
CJIiB aHIIiiChKOI0 BUKOPUCTOBYIOTh Te3aypyc HallioHanbHO1
MmenuyHoi 6i6mioreku CILA (Medical Subject Headings —
MeSH).

TekcT cTaTTi (yKpaiHCHKOIO 260 POCiiiChKOI MOBOIO)
CTPYKTYPOBaHUIA 3a pO3[iJlaMU: BCTYM (aKTyaJIbHICTh), META,
Martepiajv i MeToiu, pe3yJbTaTh, OOrOBOPEHHSI, BUCHOBKH.
Po3nin «O0roBopeHns» € 000B’I3KOBMM Ta MAa€ BKIIOYATH
3000-3500 3naKiB 0e3 npooOiiB.

Po3kpurta norenniiiiux KOHQIIKTIB iHTepecin

ABTOpU TMOBUHHI PO3KPUBATU BCi BiAHOCUHU a00 iH-
TepecH, siKi MOXYTb MaTH MPsIMUI a00 MOTEHUINHUI BIIUB
YU HAaTU yIepeIkXeHicTb B poOoTi. Xoua aBTOp, MOXJIUBO,
He BiluyBae, 1110 iCHYE SIKUI-HeOyab KOHQIIKT, PO3KPUTTS
BiIHOCHH i iHTepeciB 3a0e3meuye OiIblI MOBHUIM i Tpo3opuit
TpoIiec, M0 MPU3BOAUTH JO TOYHOI i 00’€KTUBHOI OLIHKYU
poboTu.

YcBinomieHHs1 peaibHOro abo nepeadayyBaHOro KOH-
GbIikTy iHTepeciB — 1l MepCneKTUBa, Ha IKYy MalTh MPaBo
yutaui. Lle He o3Hauae, 110 iHAHCOBI BITHOCUHMU 3 OpTraHi-
3alli€lo, sIKa CIIOHCOpYBaJja J0CIiIXKeHHsT a00 KOMIIEH allilo,
OTpUMaHY 3a KOHCYJIbTAIliIiHY pOOOTY € HEJOPEYHUMH.

[Mpuknanu NOTeHUiMHUX KOHMIIIKTIB iHTepeciB, sKi
npsiMo a60 TOOIYHO TOB’SI3aHi 3 JOCIIIKEHHSIM, MOXYTh
BKJTIOUATH, aJie He OOMEXYIOThCSI HACTYITHUM:

e HaykoBi rpaHTu Bia ¢piHaHCOBMX areHTCTB (IIPOXaH-
Hs HaIaTu JaHi Mpo CIIOHCOpa MOCTiIXKEHHS Ta HO-
Mep IPaHTYy)

e ToHopapu 3a BUCTYIIM Ha CUMITO3iyMax

e  @iHaHCcoOBa MiATPUMKA Y4acTi B CUMIIO3iymMax

e dinancoBa miATpMMKa OCBITHIX IMporpam

e 3alfHATICTb a00 KOHCYJIBTaIii

¢ [IlinTpuMka 3 60Ky CIIOHCOpa MPOEKTY

e [locana B KOHCY/JbTaTUBHIl pai a00 pajli TMPEeKTOPiB
a00 B iHIINMX BiTHOCWMHAX YIIPaBIiHHSI

e Kinbka diniii

e  @DiHaHCOBi BiZTHOCWHM, HANPUKIal, MailoOBY y4acTb
a0o iHBeCTULIiIHUI iHTEpec

e [lpaBa iHTeNeKTyaJllbHOI BJIAaCHOCTi (HampuKiIaid, ma-
TEHTHU, aBTOPCHKIi MTpaBa i pOsIITI BiJl TAKUX MPaB)

*  VYrpuMaHHS# YoJioBiKa i / abo miTelt, siki MOXYTb MaTu
¢inaHcoOBUI1 iHTEpeC A0 podOTH

Kpim Toro, ciig po3KpuBaTH iHTEPECH, 1110 BUXOASTH 3a
paMKu (piHaHCOBHMX iHTEepeciB i KoMmIeHcalii (HehiHaHCOBI
iHTepecu), sIKi MOXYTb OyTH BaxJIUBI 17151 yMTadiB. BoHu Mo-
KYTb BKJIIOYATH, ajie He 0OMEXYIOTbCS, 0COOUCTI BiTHOCUHU
ab0 KOHKYpYIoUi iHTepecu, psiMo abo oOiYHO OB’ A3aHi 3
LM JOCIIKEHHIM, a0o rnmpodeciitHi iHTepecu abo 0coOuCTi
TIepeKOHAHHS, SIKi MOXYTb BIUIMHYTHU Ha BaIlle TOCTiIKEHHS.

BinmoBimanbHuii aBTOp 30Mpae GopMu pO3KPUTTSI KOH-
¢maikTy iHTepeciB Bin ycix aBTopiB. B aBTOpCHKIil criBIparii,
JIe IOIyCKaloThes HOopMaTbHi YTOAW MPO MPEeaCTaBHUIITBO,
IIJISI BiAIIOBiMHOTO yYaCHUKA JOCUTD MiAnmucaT Gopmy po3-
KPUTTS Bil iMEHi BCiX aBTOPiB.

IIpuknaam po3kpurts indopmanii

Hocnimxenns pinancyBamocs X (rpaHt Ne X).

KoHuikT iHTepeciB: aBTOp A OTpUMaB IOCHiAHI rpaH-
TH Bin koMmnaHii A. ABTop B orpumaB roHopap morosigaya
Big koMmnanii X i Bojoxie akuissMu B komnaHii Y. Asrop C €
YJIEHOM KOMITeTY Z.

KoHbaikT iHTepeciB: aBTOpU 3asIBJISIIOTD, 1110 Y HUX HE-
Ma€ KOH()IIIKTY iHTepeciB.

Ilonsika. ABTOpY MOXYTh BUCJIOBUTHU IMOMASKY 0COOaM
Ta OopraHizauisiM, 110 CIIPUsIM IyOJiKalii cTaTTi, ajie He €
il aBTOpamu.

IndopMaliss mpo BHECOK KOXHOTO ydyacHuka (i oci0,
3a3HAaYEHUX Y po3aiJi “romsika™).

Ilpukaao: O.C. IBaHOB — KOHLIEITLIisI Ta AU3AH TOCITi-
mxeHHs1, 1.I1. [TeTpoB — aHaji3 oTpuMaHUX JaHUX, 0(pOpM-
JICHHSI TEKCTY POOOTH.

ABtopu BucioBooTh noasky (IlpizBumie 1. B.) 3a
o¢hOpMIJIEHHS iTIoCTpalliii.

Cmucok jirepatypu. VY 6i6iiorpacdii (mpucrareiiHomMy
CIUCKY JliTepaTypy) KOXHE IKepesio 3a3HayaloTb 3 HOBO-
ro psiaka mia nmopsjakoBUM HomepoM. Bumoru go odopm-
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JIEHHsI JiTepaTypHUX IXepesa 3a Vancouver style meTaibHO
MpeAcTaBleHO Ha caiTi XypHainy. Ilicasa KoxHOro mKepeaa
OBOB’SI3KOBHM € nomaBaHHs iHOro iHTEpHET aapecu
(https://ukrjnd.com.ua/index.php/journal/article/view/22).

Ilepen BiaxnmpaBKOO aBTOPU MalOTh 3IiHCHUTU camMone-

PeBipKy TEKCTY HAYKOBOI CTaTi Ha:

1. IlnariaTt. YkpaiHo Ta pocCiliChKOMOBHiI TEKCTH CTaT-
Ti epeBipsI0Th Ha TIJIariaT 3a I0MOMOTO0 TIpOrpamMu
eTXT Antumnnaruar https://www.etxt.ru/antiplagiat,
III0 € HEOOXiTHOIO YMOBOIO IJIs Ilepenadi CTaTTi IS
MOJAJBIIOro pelieH3yBaHHsA. PiBeHb iHOMBiTyab-
HOCTi TOCTiIKeHHST Ma€ OyTH He Huxkuuit 80%.
HaykoBuii cTuIb BUKJIaJIEHHS MaTepiay.

3. TaBrtoJOrito — NOBTOPIOBAaHHS y TEKCTi.
VYHiBepcallbHiCTh BUKJIaJIeHHS MaTepiany (uutabdeb-
HicTb). TekcT cTaTTi Ma€ Jerko Ta MpPOCTO CIIpUIi-
MaTHCs, He OyTU NepeoOTsKeHUM abpeBiaTypaMu,
CIIELiaJIbHOIO BY3bKOIPOMIIbHOIO TEPMiHOJOTIEI0
abo Takolo, 110 He HaOyja MiXKHapOIHOI aJarlTallii.
PeyeHHs1 MalOTh OYTU IPOCTUMMU, JIJAKOHIYHUMM i HE-
CTH 3aBEPIICHUI 3MICT.

5. KinbKicTh MocuaaHb Ha CTaTTi Ta HAyKOBi MaTepiaiu
3 imeHTudikaropom DOI (He meHn1e 80 %).

6. BimnosigHicTh BUMOTaM BUAAHHS.

TMMOMWJIKM, 1110 HAMYACTIIIE BUHUKIOTh
Y IHOJAHUX PYKOIINCAX:

1. BuKOpHCTOBYIOTH y pEUEHHSIX «3aliBi» CJIOBa i BUpa-
31. YChoro 3aiiBoro Tpeba yHukatu. Kepyiitecs mpa-
BUJIOM: «SIKIIIO CJIOBO 3 pEYEHHSI MOXHA BUKUHYTH
i Ipu bOMY 3MIiCT HE BTpauyeHO — CJIOBO Tpeba BH-
KuHyTU». Lle caMe cTocyeThes i OiIbIIMX 32 00CSTOM
(bparMeHTiB TEKCTY.

2. He BipHO BKa3yTh oquHUlli BUMipy. CUCTeMHi ofu-
Huii BumMipy cuctemu Cl HaBomsITh 6e3 Kpanku (M, T,
ra, Mojb), a HeCTaHAapPTU30BaHi OMMHUIII — 3a CKO-
POYEHHSIMU.

3. Tpeba po3pi3HATU CUMBOJIM «—>», «—» Ta «-». [lepiuit
i3 HUX Y pYKOITHCaX He BUKOPHCTOBYIOTb.

4. DBinblIicTh PEeTAKTOPCHKUX MPABOK OOYMOBJICHI HEBi-
PHUM BXXUBAHHSIM CJIiB «B», «Y», «i», «Ta», «3», «i3», «3i».

5. 'V crarrsx He BUKOPUCTOBYIOTh BUPA3U «HAa MPOTSI-
3i» — 3aMiHSIEMO <«IIPOTSITOM», «HAWOUIBII MOTYX-
HU» — «<HAUTIOTYXHIIIAN», «TTPU» — «y pasi» i T. 11

6. 3aiiBe BUKOpPUCTAaHHS CI0Ba «0Oyno». Tpeba yHUKATH
clioBa «Oyyo»: 0e3 HbOro, 3a3BUYail, 3MiCT peYyeHHSs
He 3MiHUTbCS.

7. CKOpOYEHHSI HAyKOBUX TEPMiHiB y CTaTTi Tpeba 3Bec-
TH 10 MiHiMyMYy.

8. HasBu Tabnuib i pUCYHKIB (Ta MPUMITKM IO HHUX)
MMOBUHHI OyTH «BUYePIHUMU». YnTad He MOBUHEH
JIOJATKOBO MepeunTyBaT «Marepiaj i MeToIu qOoCi-
IIXXeHb» 200 Ha3By po0OTH, 1100 po3idpaTUCs y 3MiCTi
TaOJIMIIi Y1 PUCYHKA.

9. Crarti HaityacTille BiAXUJSIOTbCSl PEAKOJIETiE0 ve-
pe3 BilCYyTHICTh CTAaTUCTUYHOIO OMpAallOBaHHS Tep-
BUHHUX JaHUX (3arajibHi BAMOTH 10 axoBUX ITy0JTi-
Kallii1).

10. He pexoMeHI0BaHO BXXMBAaTX B TEKCTi MaCUBHMI 3a-
JIOT: «IIpO0H BimOMpaTUCs», 3aMiCTh IIbOTO — «IIPOOU
BigOMpaau»; «I0CHiIXKEHHS 30iHCHIOBAIUCS» — «J10-
CITiIXEeHHS 3IiACHIIN.

11. fxio BUHMKAOTh MUTAHHS II0A0 OGOPMICHHS 4K
MpeacTaBJIeHHs NEBHUX JaHUX Y CTATTi — MOXHa Opa-
TH 3pa30K OCTAHHBOTO HOMEPY XXYypHay.

12. BincyTHS MOXIUMBICTHD pemaryBaHHS PUCYHKiB, Ta-
Oomuni, dopmyis, HaBeAeHUX y poboti. HeoOximHo
HaJgaTv pemakliiili 3MOry iX pemaryBaTu, TOOTO HE BU-
KOPUCTOBYBAaTU HECTAHAAPTHI MPOrpaMu.

Crartri, opopmiieni 0e3 momepKaHHA NMPABUJI He MPH-
iiMaOTbCS, aBTOPAM He MOBEPTAIOTHCA.

Y pasi HeraTUBHOI HAyYKOBOI peneH3ii, CTaTTi He my-
OMKYI0TbCS, ABTOPAaM eJI. MOMTO HAACWIAETHCA BiIryK 3
MOXKJIMBICTIO JOONPALMIOBAHHA CTATTI 4M 3aMiHM ii iHIIAM
Marepiajaom.
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