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Abstract. Dialysis-dependent acute kidney injury (AKI-D) in elderly patients with
chronic comorbidities is typically associated with poor renal prognosis. Reports of
repeated recovery after multiple AKI-D episodes are rare.

In this case, we describe a 75-year-old woman with hypertensive nephropathy who
experienced three distinct episodes of AKI-D over five years. The first episode occurred
in 2021 in the setting of a hypertensive crisis with oliguria and severe azotemia, requiring
eight sessions of hemodialysis. The second episode followed COVID-19 vaccination and
excessive use of nonsteroidal anti-inflammatory drugs (NSAIDs), leading to 14 sessions
of hemodiafiltration. The third episode developed in 2025 after a COVID-19 infection
and concomitant antibiotic and NSAID therapy, again requiring temporary kidney
replacement therapy. Remarkably, in each instance, the patient regained sufficient
kidney function to discontinue hemodialysis, with recovery documented at serum
creatinine levels of 97 umol/L, 115.8 umol/L, and a current value of 147.3 umol/L,
corresponding to an estimated glomerular filtration rate of 32 mL/min/1.73 m?. At
discharge after the first episode of AKI, the condition was assessed as CKD stage 5 (eGFR
13 mL/min/1.73m2), and an arteriovenous fistula was created, but kidney function fully
normalized within the next two weeks. Vascular access was complicated by aneurysmal
dilation of an arteriovenous fistula, necessitating surgical closure.

This case highlights the potential for renal recovery even in elderly patients with
comorbidities and raises important considerations regarding prognostic evaluation,
nephrotoxic medications, and vascular access management.

Keywords: acute kidney injury, renal recovery, hemodialysis, hypertensive
nephropathy, elderly, case report.
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Tersana Ocranenko, Baaepia Mapuenko, Anina I'onoBanosa, Mapk JIuBUHCHKHUIA

Tpupa3sose BiaHOBJIeHHSA (DYHKIiI HUPOK MicCJisl iaJ1i3-3aJ1€2KHOr0 rOCTPOro
MOIMKO/?KEHHSA HUPOK Y 75-pivyHO] NAIIEHTKH 3 TinepTeH3uBHOI0 HedponaTiero:
KJIHIYHWIA BUNIAJO0K 3 I’ ATUPIYHUM CIIOCTEPEKEHHAM

Menuunuii neHtp TOB «HedpoueHTp», M. 3anopixcks, YkpaiHa

Pe3stome. Jianiz-3anexncne cocmpe nowkooxucenns Hupox (I'IH) y aimuix nayienmie 3 XxpoHiuHuMU KOMOPOIOHUMU
CMaHaMU 3a38UMail AcOUIIOEMbCS 3 HeCHPUAMAUBUM npoeHo30M. [loemopre 8i0H06AeHH PYHKUIT HUPOK NICAS KINbKOX
enizodie dianiz-3anexncnoeo I'ITH onucyemoscs Had3eu4aiino pioko.

Ilpedcmasaeno kainiunuii 6unadok 75-piunoi JciHKU 3 einepmeH3UBHOI0 Hedhponamicro, y AK0i NPOmMsa2oM n’amu
POKi6 8idbynocst mpu okpemi enizodu diariz-zanrexcroeo T'IIH. Ilepuuii enizod y 2021 poui pozeurnyecs na mai einepmen-
3UBHO20 KPU3Y 3 0Ai2YPIEI0 Ma MANCKOK A30MeMI€io, uo nompedysano nposedeHHs 8ocomu ceciti 2emodianizy. Jpyeuii
enizo0 sunuk nicaa eakyunayii npomu COVID-19 ma nadmiprno2o 3acmocysants HecmepoioHUX npomu3andibHux 3a-
cobie (HI133), y 36’a3Kky 3 uum nposederno 14 ceciii eemodiagpinompauii. Tpemiii enizo0, axuii pozeunyecs y 2025 poui
nicas ingixysanns COVID-19, npuitomy HII33 ma cynymusoi anmubiomukomepanii, 3108 hompe0y8ag mum4acosoi
Hupkoeoi 3amicuoi mepanii. I[Ipumimuo, wo 6 ycix mpvox enizodax 6i03Hauanocy iOH08AeHHs QYHKUII HUPOK 00 pie-
Hsl, 00OCMAamMHb020 0451 NPUNUHEHHS NIKYBAHHS 2eM00ianizoM: NOKA3HUKU CUPOBAMK08020 KpeamuHiny cmanoguiu 97
mrmonv/a, 115,8 mxmonv/n ma 147,3 mxmonsv/n (weudxicmo kaybourxoeoi inempauii 32 ma/xe/ 1,73 m2), 6ionosiono
0o koxcHoeo enizody. Ha momenm sunucku nicas nepuioco enizody I'lIH, cman 6y posyinenuii sx XXH V (ILHKD 13 ma/
xe/1,73m%) ma copmosarno apmepiosenosny gicmyny, are npomsazom 060X MUNCHIE PYHKIYIA HUPOK NOGHICMIO HOPMA-
aizysanace. Cyounuil docmyn yCKAaOHUBCS (POPMYBAHHAM AHEEPUMAMUYHO20 POUUPEHHS, W0 nompedyeano xipypeiu-

HO020 3aKpumms.

Haesedenuii 6unadok demoncmpye nomenyian 8i0H08AeHHs PYHKYII HUPOK HABIMY Y AIMHIX NAUIEHMIG 3 KOMOD-
OiOHUMU cMaHamyu ma NOPYULYE 8aMNCAUBE NUMAHHS W000 NPOSHOCMUYHOI OUIHKU, 3ACMOCY8AHHS HePOMOKCUMHUX Ai-
Kapcokux 3aco0ie i 00epeicHo2o NAaHy8aHHs BOPMYBAHHS CYOUHHO20 OOCHYNY.

KnrouoBi ciioBa: ecocmpe nowikooicenns HUpoK, 8i0H08AeHHs (YHKUIT HUPOK, 2em00iani3, 2inepmen3uena Heghpo-

namis, AimHi nayieHmu, KAIHIYHUL 8UNAOOK.

Introduction. Severe acute kidney injury (AKI)
requiring kidney replacement therapy (KRT) is associ-
ated with high short-term mortality and an increased
risk of transition to end-stage kidney disease (ESKD),
especially among elderly patients with cardiovascular
and metabolic comorbidities [1, 2]. Recovery of kidney
function sufficient to discontinue dialysis after dialysis-
dependent AKI (AKI-D) is possible but occurs in a
minority of cases, with reported rates varying between
20% and 40% depending on age, baseline renal status,
etiology of injury, and duration of RRT [1, 3].

In elderly patients, renal recovery is particularly
uncommon due to reduced nephron reserve, higher
burden of comorbidities, and increased susceptibility
to nephrotoxic insults [4, 5]. Moreover, once dialysis
is initiated in this population, clinicians often assume
an irreversible trajectory toward ESRD, and vascular
access planning is usually directed toward long-term

Tetyana Ostapenko
tivo08@gmail.com

hemodialysis [6]. However, such assumptions may un-
derestimate the potential for renal resilience in selected
individuals.

Another important aspect is the cumulative impact
of recurrent kidney injury. Repeated AKI episodes are
associated with accelerated progression of chronic kid-
ney disease (CKD) and increased mortality [7, 8]. The
probability of renal recovery declines with each subse-
quent episode, and recurrent AKI has been identified as
an independent risk factor for ESKD [7, 9]. Against this
backdrop, the case we present is noteworthy: a 75-year-
old woman with hypertensive nephropathy who expe-
rienced three discrete episodes of AKI-D within five
years, yet regained sufficient kidney function to discon-
tinue dialysis after each episode.

Case presentation. The patient was followed be-
tween 2020 and 2025. She had a history of traumatic
brain injury in 2016, arterial hypertension, first diag-
nosed in September 2020, hypertensive heart disease,
and a transient ischemic attack in 2020. She reported no
history of diabetes, chronic kidney disease, or prior kid-
ney dysfunction before 2021. She was not under regular
nephrology follow-up until the first AKI episode. Her
long-term medications included occasional antihyper-
tensives (berlipril intermittently) but no nephrotoxic
drug use until 2021.
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In 2020, urinalysis and serum creatinine were in the
reference ranges, with no proteinuria or azotemia docu-
mented. Blood pressure was elevated (=160 mmHg) and
treated inconsistently.

In May 2021, the patient presented with a hyper-
tensive crisis (blood pressure 170—180/90 mmHg) and
neurological complaints, including imbalance and diz-
ziness. Laboratory tests revealed a rapid deterioration
of kidney function with serum creatinine rising to 743
umol/L, blood urea nitrogen 31 mmol/L, and oliguria
(urine output 0.4 L/day). She developed symptoms of
uremic intoxication, including nausea, vomiting, and
anorexia. She was admitted to a nephrology depart-

ment, and urgent hemodialysis was initiated. A total
of eight sessions were performed between June 5 and
June 18, 2021. Her clinical condition improved, diure-
sis increased to over 2 L/day, and serum creatinine de-
creased to 321 umol/L. She was discharged on June 23,
2021, with recommendations for nephrology follow-up.
At the time of discharge, she was labeled as having CKD
stage 5 (estimated glomerular filtration rate, eGFR 13
mL/min/1.73m?), and future preparedness, an arterio-
venous fistula (AVF) was surgically created in the left
cubital fossa. However, within the next two weeks, her
kidney function surprisingly normalized, with creati-
nine 97 pmol/L documented in July 2021 (Table 1).

Table 1
Longitudinal changes in hematological and biochemical parameters during recurrent AKI episodes
Date Hb ESR Creatinine Urea Uric Acid K eGFR
(g/L) | (mm/h) (umol/L) (mmol/L) (umol/L) (mmol/L) | (mL/min/1.73m?)
30.05.2021 121 14 456.8 18.0 — 8.0 8
05.06.2021 117 36 743.1 31.0 686.1 7.1 5
23.06.2021 100 12 3214 19.6 487.2 3.7 13
06.07.2021 114 10 97.2 6.1 339.6 4.2 54
16.11.2021 — — 665.0 46.9 — 4.1
21.11.2021 97 36 894.2 30.2 - 42 4
14.12.2021 95 32 278.7 18.2 436.5 4.0 15
21.12.2021 97 30 198.3 12.8 — 4.2 23
04.01.2022 98 16 115.8 8.9 387.0 4.6 44
10.04.2024 121 8 116.7 8.5 345.0 4.5 43
07.02.2025 119 11 118.9 8.2 — 4.2 41
13.04.2025 120 18 1210.3 47.8 — 5.3 3
21.04.2025 — — 269.1 11.1 - 4.5 15
03.06.2025 121 10 145.4 9.3 408.0 5.0 32
06.08.2025 119 15 147.3 9.5 380.0 4.6 32

The second episode occurred in November 2021,
shortly after receiving a COVID-19 vaccination (Coro-
naVac 0.5 mL). To control post-vaccination fever, she
ingested excessive doses of nonsteroidal anti-inflam-
matory drugs (NSAIDs). Within days, she developed
weakness, nausea, and vomiting. Laboratory analysis
showed creatinine rising to 665—894 pmol/L and urea
47 mmol/L, though urine output remained >1 L/day.
On November 18, 2021, kidney replacement therapy
(KRT) was restarted, this time with hemodiafiltration
(HDF). She underwent 14 procedures until December
22, 2021. During this period, she received antihyper-
tensive therapy, anemia management, and correction
of calcium-phosphate disturbances. Kidney function
improved, with creatinine decreasing to 198 umol/L by
late December and further to 115.8 pmol/L by Janu-
ary 2022. She discontinued dialysis and was classified as
CKD stage 3b.

Between 2022 and early 2025, the patient remained
clinically stable. Blood pressure was well controlled at

120—130/80 mmHg, and creatinine remained around
115-118 pmol/L (eGFR 41-44 mL/min/1.73m?),
consistent with CKD stage 3b. In April 2024, she re-
ported no symptoms and was managed on oral antihy-
pertensives. However, vascular access complications
emerged: in February 2025, duplex ultrasound of the
AVF demonstrated aneurysmal dilation of the outflow
vein up to 22 mm in diameter with very high blood flow
(3139 mL/min). Because her kidney function was stable
and dialysis-independent, the fistula was surgically li-
gated on March 11, 2025.

The third episode of AKI occurred in April 2025,
when the patient contracted COVID-19 with fever and
acute bronchitis. She received antibiotic therapy (spe-
cific agents not documented) and repeatedly self-ad-
ministered NSAIDs for fever and headache. One week
later, she experienced worsening weakness, nausea, and
urine output declining to 0.6 L/day. Upon admission,
serum creatinine had risen sharply to 1210 umol/L, with
urea 47.8 mmol/L and serum potassium 5.3 mmol/L.
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A double-lumen dialysis catheter was placed in the left
subclavian vein, and KRT was resumed with eight HDF
sessions between April 15 and May 1, 2025. Her clini-
cal status improved steadily, and diuresis normalized.
The central venous catheter was removed on May 2,
2025. By June 2025, creatinine stabilized at 145 umol/L
with an eGFR of 32 mL/min/1.73m?2, corresponding to
CKD stage IIIb.

Thus, over a five-year follow-up, the patient expe-
rienced three severe AKI episodes, each necessitating
temporary hemodialysis, yet recovered kidney function
sufficiently to discontinue KRT every time.

Discussion. This case illustrates several unusual
and clinically important aspects of AKI in an elderly
patient. The most striking feature is the repeated recov-
ery of kidney function following three separate episodes
of AKI-D within a five-year period. Such recoveries are
rare in elderly populations, particularly when AKI is su-
perimposed on chronic comorbidities such as hyperten-
sive nephropathy and cardiovascular disease.

Recovery from AKI-D is variable and depends on
age, baseline kidney function, etiology of injury, comor-
bid conditions, and the duration of KRT. Cohort stud-
ies suggest that only 20—40% of patients with AKI-D
regain sufficient kidney function to discontinue dialysis
[10]. In elderly patients, recovery is even less frequent
due to diminished nephron reserve, vascular disease,
and heightened vulnerability to nephrotoxins [1, 5, 9].
Our patient not only recovered after a single episode
of AKI-D but also achieved functional recovery after
three distinct episodes, each time reaching serum creat-
inine levels consistent with moderate CKD. Following
her most recent AKI-D, a creatinine concentration of
147 umol/L corresponded to CKD stage 3b, reflecting
an age-related decline in eGFR (32 mL/min/1.73 m?).
This outcome contrasts with the expected course in
comparable patients, where even one AKI-D episode
often results in progression to ESKD.

Recurrent AKI is increasingly recognized as a
major contributor to CKD progression and mortality.
In the large population-based study by Holmes et al.,
29.3% of patients with AKI experienced a second epi-
sode, 9.9% a third, and 4.0% four or more episodes [7].
Importantly, outcomes worsened with each recurrence:
30-day mortality was significantly higher in patients
with multiple episodes compared to those with a single
event (31.3% vs. 24.9%, P < 0.001). Similarly, recovery
to baseline kidney function after 30 days was more likely
following a single episode (83.6%) than after recurrent
episodes (77.8%, P < 0.001). The likelihood of another
AKI also increased progressively with each successive
episode, rising from 31.0% after the first episode to over
50% after the third and fourth episodes.

It should be noted that most recurrent episodes
tend to occur within the first six months after the index
event, reflecting persistent vulnerability during this pe-
riod [11]. In our patient, the second AKI-D developed
approximately six months after the first, consistent with
this expected high-risk window. However, the third ep-

isode occurred only after a prolonged three-year inter-
val of stability with near-normal kidney function. This
atypical course suggests that her later episode was not
simply the result of ongoing intrinsic decline, but rather
the consequence of a distinct acute trigger.

Each episode in this patient had a clear precipi-
tant: hypertensive crisis, excessive NSAID use after
COVID-19 vaccination, and COVID-19 infection with
concomitant antibiotics and NSAIDs. Both NSAID
use and COVID-19 infection reflect common and po-
tentially preventable causes of AKI [12, 13]. NSAIDs,
in particular, are strongly nephrotoxic in the elderly,
especially when combined with infection or volume
depletion [14]. COVID-19 itself has been shown to pre-
cipitate AKI in older adults through direct viral injury,
systemic inflammation, and hemodynamic instability,
frequently worsening outcomes, with reported mortal-
ity rates approaching 50% [15, 16].

The case also highlights challenges in vascular ac-
cess management. Following the first AKI-D episode,
an AVF was created in anticipation of future dialysis
dependence. However, the patient repeatedly regained
kidney function, and the AVF later developed ancu-
rysmal dilation, requiring surgical closure. This raises
the question of timing and the necessity of permanent
vascular access creation in patients with uncertain renal
trajectories. Early AVF creation is standard for progres-
sive CKD approaching ESKD, but in patients who may
recover after AKI-D, the risks of long-term AVF com-
plications must be weighed carefully against potential
benefits [6].

Several lessons emerge from this case. First, re-
nal resilience should not be underestimated. Although
CKD stage 3 is typically associated with factors that
reduce the likelihood of recovery, including oxidative
stress, reduced nephron reserve, chronic inflammation,
and heightened sensitivity to nephrotoxic agents [17—
19], our patient repeatedly regained kidney function
to a level sufficient for dialysis independence. This un-
expected course illustrates the variability of outcomes
in elderly CKD patients and suggests that meaningful
recovery is still possible even in the presence of mul-
tiple adverse conditions. Second, while recurrent AKI
generally carries a poor prognosis, individual trajecto-
ries may differ, as shown here. Third, strict avoidance of
nephrotoxic exposures, particularly NSAIDs, remains
essential for protecting kidney function in vulnerable
patients. Finally, vascular access planning should be
individualized, taking into account not only the risk of
progression to ESKD but also the potential for renal re-
covery.

As a single case report, these observations cannot
be generalized to the broader CKD population. Al-
though the clinical course was thoroughly documented,
the mechanisms underlying the patient’s repeated renal
recovery remain uncertain. Nevertheless, the extended
follow-up and documentation of three separate recov-
ery episodes contribute to a better understanding of the
heterogeneity of renal outcomes after AKI-D.
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Conclusions. This case illustrates that meaningful
renal recovery is possible even in elderly patients after
multiple episodes of AKI-D. Despite the presence of
CKD stage 3b and several adverse prognostic factors,
kidney function repeatedly returned to a level sufficient
for dialysis independence. The patient’s course empha-
sizes the variability of outcomes in recurrent AKI, the
importance of avoiding nephrotoxic exposures, and the
need for cautious, individualized decisions regarding
vascular access. Clinicians should remain alert to the
potential for renal resilience and avoid prematurely as-
suming irreversible dialysis dependence.
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Abstract. Arteriovenous (AV) fistula is the gold standard for long-term haemodialysis,
yet bleeding complications remain frequent, causing anemia, treatment interruption,
and hospitalizations. Despite its clinical importance, research on AV fistula bleeding is
fragmented across disciplines. This study provides the first global bibliometric analysis
exclusively focused on AV fistula bleeding, offering a consolidated view of research
trends and gaps. The present study aimed to map global research output, thematic
clusters, and emerging trends in AV fistula bleeding over the past two decades.

Methods. Publications from 2000—2025 were retrieved from Scopus and PubMed using
predefined keywords via Publish or Perish. After duplicate removal and title/abstract
screening, 127 English-language articles met the eligibility criteria. Data were analyzed
with VOSviewer (v1.6.19) to create density, network, and overlay visualizations with a
minimum threshold of five term occurrences.

Results. From an initial 3,085 records, annual output increased steadily after 2010.
The United States, the United Kingdom, and China were the most productive countries,
and the Journal of Vascular Access was the leading source. Thematic mapping
identified four clusters: (1) clinical complications (hematoma, vascular events), (2)
diagnostic and interventional strategies (angiography, embolization), (3) anatomical
considerations (vein selection, puncture site), and (4) outcome-based evaluations
(patency, safety, quality). Density maps showed persistent focus on hematoma and
vascular complications, while overlay maps indicated a post-2020 shift toward patient-
centered outcomes and methodological rigor.

Conclusions. Research on AV fistula bleeding has progressed from technical
and anatomical themes to patient-safety and quality-of-care priorities. These
findings underpin the need for standardized bleeding-management protocols and
multidisciplinary collaboration to improve prevention and clinical outcomes.

Keywords: arteriovenous fistula, bleeding complications, haemodialysis, bibliometric
analysis, vascular access.
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I'nodanbHi TpeHaM JOCTiTKEeHb i HAYKOBOI B3a€MOii 111010 KPOBOTEY
3 apTepioBeHO03HOi (picTy) M 1)1 remMoiani3y: 0i0sioMeTpuYHMiA aHAJTI3
(2000-2024)

Kadenpa cecrpuHchkoi cripaBu, YHiBepcuteT xxeHnepan CynipMmaH, IHgoHe3is

Pestome. Apmepiosenosnua (AB) gpicmyna € «30r0mum cmandapmom» 045 3a0e3nevents 00820MpuU8an020 2emo-
dianizy, 00HAK YCKAQOHEHHS, NO8 I3aHI 3 KPOBOMeEUAMU, 3AAUULAIOMbCS NOWUPEHUMU, W0 NPU3BO0UMb 00 aHeMii, nepe-
PUBAHHA AIKY8aHHA ma 30inbuleHHA yacmomu eochimanizayiii. Hezeaxcarouu Ha KaiHivHy 3Havyujicme yiei npodaemu,
Haykoei docaidxucenHs kposomey 3 AB ¢hicmyau 3aruwaromocs po3pizHeHUMU Midc pI3HUMU eany3amu meduyuHnu. ILle
docnioxnceHHs € nepuum en00arbHUM 0ibAloMeMPUYHUM AHANIZ0M, YIAKOM NPUCBAYEHUM npobaemi Kpoeomey i3 AB ic-
myau, i NPONOHYE y3aeanbHeHUll 02a510 MeHOeHUill PO36UMKY ma HASA8HUX NPoearuH y docaioxcenusax. Memor pobomu
0y10 30ilicHUMU KapmyeaHHs C8imo6o20 HAYK08020 00pOOKY, BUBHAUUMU MeMAMUYHI Kaacmepu ma 8Us8UmMU HOBIMHI
Hanpamu 0ocaiodiceHs y yiil cgpepi 3a ocmauHi 06a decamunimms.

Memoou. Ilybaixauyii 3a nepiod 2000—2025 pokie 6yau 6idiopani 3 6a3 danux Scopus ma PubMed i3 suxopucman-
HAM 3a30ane2iob U3HAYEHUX KAI0408UX cAi6 uepe3 npoepamy Publish or Perish. Ilicas eudanenns dybaikamie i 8idoopy 3a
HA36010 ma aHomauyicto 0o ananizy 6yn0 exkaroueno 127 aneromosHux cmameil, wio 8i0nN0Gidalu Kpumepisim 6KAHOUEHHS.
AHnaniz danux nposoduscs 3a 0onomo20i0 npoepamuoeo 3abesneuenus VOSviewer (sepcia 1.6.19) das nobydosu kapm
WinbHOCMi, Mepedcesux ma HaKAAOHUX Gi3yanizayiil i3 MiHIMAALHUM NOPO2OM Y N SMb HOBMOPHOBAHUX MEPMIHIE.

Pezyaomamu. I3 nouamxoeux 3085 3anucie cnocmepieanocs nocmynoge 3poCmanHs Kinbkocmi nyoaikayii nic-
a1 2010 poky. Haiibinvuy Haykosy npodyxmuenicme npodemorcmpyearu CIIA, Beauka bpumania ma Kumaii, mooi
AK npogioHUM Odcepenom nybaikayii cmae Journal of Vascular Access. Temamuune kapmyeanus 0ano 3moey eudisumu
Yomupu 0cHOGHI Kaacmepu: 1) KaiHiuHi ycKaaOHeHHs (eemamoma, cyOunHi nodii); 2) diaeHocmuuHi ma iHmepeeHyiiiHi
cmpameeii (aneioepagis, embonizayis); 3) anamomiuni acnekmu (6ubip eéenu, micue nynkuii); 4) oyinka pesysomamis
AiKysaHHs (npoxionicme, be3neka, aKicmo).

Kapmu winenocmi 3aceiouusu cmiiikuil HAyKo8Ull iHmepec 00 mem eeMamom i CYOUHHUX YCKAAOHeHb, Mooi K
Kapmu Hakaadanus 8idodpaszunu 3miugenHs goxycy nicas 2020 poky y Hanpsami nayienm-opieHmMo8anux pe3yiomamie i
nidsuuenHs memo0oa02iuHoi AKocmi 0ocaiodiceHd.

Bucnosxu. Jlocaioncenns kpoeomeu 3 AB ghicmyau nocmynoeo eoaouionyeaiu 8i0 mexHiYHuX ma GHamoMivHUx
acnexkmie 00 numans be3nexu nayicumia i axocmi meouunoi donomoeu. Ompumani pe3ysbmamu niOKPecaooms nompe-
0y y po3pobaenHi cmanoapmu308aHUx NPOMOKO0IE 6e0eHHs Kposomeu ma NOCUAEHHI MIDCOUCUUNAIHAPHOI cnienpayi 045
noainuieHHs npopinaKmuKu ma KAHMHUX pe3yibmamis.

Kimouogi ciioBa: apmepiosenosna gpicmyna, yckraouenns, kpogomeui, 2emodianiz, 6ioniomempuyHuil ananis, cy-
JuHHUll docmyn.

Introduction. Arteriovenous (AV) fistula is the
preferred vascular access for long-term haemodialysis
because of its superior patency, lower infection risk,
and overall durability compared with central venous
catheters or grafts, and is therefore recommended in
international clinical guidelines [1—3]. Despite these
advantages, bleeding remains a frequent and serious
complication, ranging from minor oozing to life-threat-
ening haemorrhage that can lead to chronic anaemia,
interruptions in dialysis schedules, hospital admissions,
or even abandonment of the fistula and subsequent use

Novita Anggraeni
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of central venous catheters with their attendant risks of
infection and central vein stenosis [4—7].

Research on the causes, management, and out-
comes of AV fistula bleeding is dispersed across ne-
phrology, vascular surgery, radiology, and nursing,
with no comprehensive synthesis of incidence, inter-
ventions, or reporting patterns [8§—11]. This fragmen-
tation hampers clinicians, researchers, and policy-
makers in identifying evidence gaps and developing
targeted interventions. Bibliometric analysis offers a
robust approach to address this need by quantitatively
mapping the literature and visualising interconnec-
tions among keywords, authors, and themes [12, 13].
Yet no bibliometric study has specifically examined
AV fistula bleeding, despite the substantial clinical
and economic burden: vascular-access complications
affect 20—30 % of haemodialysis patients annually,
with fatal haemorrhage contributing to 0.4—1.6 deaths
per 1,000 patient-years and healthcare costs rising
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10—20 % in affected patients [3, 14, 15]. This study,
therefore, maps the global scientific landscape of AV
fistula bleeding, identifies key thematic clusters, and
highlights under-explored areas using VOSviewer soft-
ware [13] to guide future research and inform clini-
cal protocols in line with the World Health Organiza-
tion’s patient-safety agenda and the United Nations
Sustainable Development Goal 3 on good health and
well-being [16].

Recent bibliometric studies have shown that this
method uniquely enables mapping the evolution of
research themes, visualising collaboration networks,
and detecting emerging topics over extended periods.
Such features cannot be achieved as effectively through
systematic or scoping reviews, which focus more on
synthesising content and appraising study quality.
Therefore, in our investigation of global research on
arteriovenous fistula (AVF) bleeding for haemodialysis
(2000—2024), bibliometric analysis is particularly well
suited to reveal not only what has been studied, but also
how the field has developed, who the key contributors
are, where the knowledge gaps lie, and which trends are
emerging [17—19].

Material and methods. Design. This study utilized
a quantitative bibliometric research design to anal-
yse the trends, structure, and thematic distribution of
scholarly publications related to AV fistula bleeding.
Bibliometric analysis, as a scientific method, is instru-
mental in assessing the volume, impact, and evolution
of publications within a specific research domain [20,
21]. The design adopted in this study enables the identi-
fication of knowledge hotspots, research gaps, and col-
laboration networks by systematically analysing publi-
cation metadata [22—24]. It does not involve human
participants or clinical interventions, and thus, ethical
approval was not required.

Data collection. Data were collected from Sco-
pus and PubMed, chosen for their extensive coverage
of peer-reviewed biomedical literature relevant to ne-
phrology and vascular access. Searches were conducted
using Publish or Perish software with combinations of
terms such as “AV fistula bleeding,” “arteriovenous
fistula complication,” “vascular access haemorrhage,”
and “haemodialysis bleeding,” refined with Boolean
operators.

Inclusion criteria comprised peer-reviewed arti-
cles, clinical studies, and reviews published in English
between 2000 and 2025 that explicitly addressed bleed-
ing or haemorrhage in AV fistulae. Editorials, letters,
conference abstracts, and non-English papers were ex-
cluded. Retrieved records were exported in CSV and
RIS formats for VOSviewer integration. Duplicates
were removed manually, and titles and abstracts were
screened to confirm relevance.

Grey literature sources, conference proceedings
and studies not indexed in Scopus or PubMed were ex-
cluded. This restriction to peer-reviewed, indexed pub-
lications ensures data quality and consistency; however,
it may introduce selection bias by omitting relevant but

non-indexed evidence and could slightly underestimate
the breadth of global research activity in this field.

Data analysis. The datasets were imported into
VOSviewer (v.1.6.19) for bibliometric mapping and
visualisation. Analyses focused on keyword co-occur-
rence, term frequency, thematic clustering, and tempo-
ral trends. Terms were drawn from titles and abstracts,
with a minimum threshold of five occurrences to ex-
clude infrequent items and ensure clarity.

VOSviewer (version 1.6.19) was used for biblio-
metric mapping. The minimum term occurrence was
set to five to exclude infrequently used terms and im-
prove clarity. The clustering resolution parameter was
set at 1.0 (default value) with the minimum cluster size
of five items. Normalisation of co-occurrence strength
was performed using the association strength method.
These settings were selected based on standard recom-
mendations in bibliometric research to ensure both
clarity and reproducibility.

Three visualisation types were produced: (1) den-
sity maps, highlighting frequent terms; (2) network
maps, clustering terms by co-occurrence strength;
and (3) overlay maps, displaying temporal trends.
Link strength values quantified associations, with
maps interpreted both quantitatively and qualitatively
to identify central themes, research foci, and gaps.

The final search (15 August 2025) yielded 3,085
records (Scopus = 2,884; PubMed = 211). After du-
plicate removal and screening, 127 articles were eli-
gible and 127 were included. Four thematic clusters
emerged: clinical complications, diagnostic and in-
terventional strategies, anatomical considerations,
and outcome-based evaluations. Density and overlay
maps showed a persistent focus on vascular complica-
tions, with a post-2020 shift towards pharmacologi-
cal safety, adverse event monitoring, and long-term
patency.

Future priorities include standardised bleeding-
management protocols, integration of patient-report-
ed outcomes, multidisciplinary involvement, and pre-
dictive analytics. Further work is needed on educa-
tional interventions, simulation training, and quality-
of-life impacts, supporting more holistic, preventive,
and personalised vascular access care.

Citation counts were not normalised across years,
favouring older studies; this limitation was acknowl-
edged. Bias was reduced through the use of two major
databases, comprehensive keyword strategies, Eng-
lish-only inclusion (noting exclusion of non-English
work), and manual verification. These measures en-
hanced both coverage and accuracy in mapping the
global AV fistula bleeding literature.

Results. The bibliometric search yielded 3,085
records, of which 127 publications met the inclu-
sion criteria after screening and duplicate removal

(Fig. 1).
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Search keayword: «AV fistula bleeding», «arteriovenous
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Bibliometric review (n= 127)
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INCLUDED

Citations analysis

Map based on text data

Fig. 1. Prisma Flow Diagram.

The analysis revealed a steady increase in global re- the multidisciplinary nature of the field and a gradual ex-

search activity on AV fistula bleeding, particularly after pansion of international collaboration. These patterns are
2010, reflecting growing recognition of this issue within summarised in Fig. 2, while Tables 1 and 2 highlight the
nephrology and vascular access care. The distribution of most influential publications and authors that have shaped
studies across countries and journals demonstrates both  the scientific landscape of AV fistula bleeding research.
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Fig. 2. Graph of publications on AV fistula bleeding from 2005 to 2025. The graph shows an overall rise in publications on AV

fistula bleeding from 2005 to 2025. Despite some temporary fluctuations, output peaked at about 18 papers in 2022 and has remained

higher than in the early years, indicating sustained and growing global research interest.

12

OpUriHOABHI HOYKOBI POBOTU YKPAIHCBKUIN XYPHOA HEPPROAOTTT Ta Aianizy N24 (88) 2025



Ukrainian Journal of Nephrology and Dialysis, 4 (88)’2025

Original Papers

Table 1
Top 10 most cited publications AV fistula bleeding over the last two decades
(from 2005 to 2025)
Rank All:ltrt?tt)r Citations | Year | Journal / Source Article Title DOI Country ReseaTr;::I::cus/
1 Gary 104 2014 Angiogenesis Medical adjuvant 101007/510456-014-9436-3 United Pharmacological
Osborn treatment to increase Kingdom | adjuncts to impraove
patency of arteriovenous AV fistula and graft
fistulae and grafts patency
2 | Geoffrey C. 67 2008 Cochrane Secondary arteriovenous | 101002/14651858.CD002786. USA Evidence-based con-
Slayden Database of fistulas: converting pub? version of prosthetic
Systematic prosthetic AV grafts grafts to autogenous
Reviews to autogenous dialysis AV fistulas
access
3 Gevorg 4h 2014 Journal of Safety of new oral anti- | 101007/s10840-014-3888-9 USA Evaluation of bleeding
Stepanyan Interventional | coagulants for patients risk from novel oral
Cardiac undergoing atrial fibrilla- anticoagulants during
Electrophysiology tion ablation cardiac procedures
4 | HK. Younes 40 20M Annals of Transhepatic hae- 101016/j.avsg.201012.020 United | Outcomes and failure
Vascular Surgery | modialysis catheters: States patterns of transhe-
Functional outcome and patic haemadialysis
comparison between catheters
early and late failure
5 .N. Naazie 28 2013 American Revision of Aneurysmal 101053/}.ajkd.2013.03.028 United Surgical revision
Journal of Kidney |  Arteriovenous Access States of aneurysmal AV
Diseases with Immediate Use access using immedi-
Graft Is Safe and Avoids ate-use grafts
Prolonged Use of
Tunneled Haemadialysis
Catheters
6 J.A. Akoh 18 2018 | Clinical Research | Prosthetic arteriovenous | 101007/s00392-018-1299-y United Review of prosthetic
in Cardiology | grafts for haemadialysis Kingdom | AV grafts for haemo-
dialysis access
7 J.A Akoh 18 2017 Journal of A 5-year audit of haemo- 10.5301/jva.5000734 United Five-year audit of
Vascular Access dialysis access Kingdom | haemodialysis vascu-
lar access outcomes
8 J.D. Dale 17 201 Cochrane Expanded 101002/14651858.CD002786. USA Effectiveness of
Database of | Polytetrafluoroethylene- pub3 PTFE-covered stents
Systematic covered Stent Treatment in managing angio-
Reviews of Angioplasty-related plasty-related bleed-
Extravasation during ing/extravasation
Haemodialysis Access
Intervention: Technical
and 180-day Patency
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Continuation of Table 1
First - N Research Focus /
Rank Author Citations | Year | Journal / Source Article Title DOI Country Theme
9 {JI. Rotmans 16 2015 | European Journal | Haemodialysis access 101016/j.6jvs.2015.01.006 | Netherlands |  Critical review of
of Vascular and graft failure: Time to causes and manage-
Endovascular | revisit an unmet clinical ment strategies for
Surgery need? haemodialysis graft
failure
10 J). 15 2022 Journal of Contemporary outcomes | 101177/1129729820985626 USA Outcomes of distal
Fitzgibbon Vascular Access | of distal radial artery li- radial artery ligation
gation for access related to treat access-relat-
hand ischemia ed hand ischaemia

As shown in Table 1, the most frequently cited
studies originated predominantly from the United
States and the United Kingdom, reflecting early lead-
ership in evidence-based approaches to vascular access
management. Highly cited works focused on improving

fistula patency, managing haemorrhagic complications,
and evaluating interventional outcomes, indicating the
clinical relevance and methodological influence of
these publications.

Table 2
Top 10 authors in the co-authorship network: Documents, citations, and total link strength
Rank Author Documents % Documents Citations % Citations Etrzlng?: %TLS
1 Hari Bogabathina 4 13.3% 144 291% 14 169 %
2 Pavan Katikaneni g 10.0 % 40 81% 7 84%
3 Kalgi Modi 3 10.0% 40 81% 7 84%
4 Runhua Shi 2 6.7% 35 n% 6 12%
5 Sampath Singireddy 2 6.7% 30 61% 6 2%
6 Liam Morris 2 6.7% 28 57% 6 12%
7 Abdulrahman 2 6.7% 24 48% 5 6.0%
Abdulbaki
8 Henock Zabher 2 6.7% 22 44% 5 6.0%
9 JA. Akoh 2 6.7% 20 40% 4 48%
10 EK. Peden 2 6.7% 18 36% 4 48 %
Total - 30 100 % 501 100 % 84 100 %

The co-authorship network demonstrates a highly
centralised structure. Hari Bogabathina emerges as the
key hub, producing the highest proportion of publica-
tions and citations, supported by a smaller group of
mid-level contributors such as Pavan Katikaneni and
Kalgi Modi. The remaining authors form a more dis-
tributed periphery, indicating moderate international
collaboration but a concentration of influence within
a few leading researchers. This pattern reflects a hub-
and-spoke configuration, where a limited number of
core investigators drive much of the scientific output in
the field. To further explore thematic patterns, keyword
mapping using VOSviewer was conducted. Figure 3

presents the network visualisation of terms appearing in
titles and abstracts of publications on AV fistula bleed-
ing between 2005 and 2025.

Four major clusters were identified: (1) clinical com-
plications and patient risk factors (blue), (2) diagnostic
and interventional techniques (green), (3) anatomical
and procedural determinants (red), and (4) outcome-
oriented and methodological studies (yellow). These
clusters collectively depict the multidisciplinary nature
of the field and its evolution from technical manage-
ment toward patient-centred care and evidence-based
evaluation. Temporal analysis using overlay mapping
(Fig. 4) reveals a chronological shift in research focus.
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Earlier studies, primarily from 2012 to 2015, ad-
dressed technical and diagnostic challenges such as
angiography, embolisation, and vascular complica-
tions, whereas more recent publications (2018 onward)

arrial fibrillation

hematoma

#, vosviewer

emphasise clinical trials, patient-reported outcomes,
and methodological quality. Finally, the density map
(Fig. 5) highlights areas of greatest research concen-
tration.

Fig. 5. Density visualization map of terms in the title/abstract fields
of publications related to AV fistula bleeding from 2005-2025.

The VOSviewer density map highlights areas of
highest research concentration in AV fistula bleeding.
The bright yellow zones mark frequently occurring
terms such as “hematoma”, “vascular complication”,
“angiography”, “embolization”, “patency”, and “for-
mation”, indicating these are the dominant topics in
the literature. The green to blue regions show progres-
sively lower term frequency, reflecting less-studied or
emerging areas. Overall, the map reveals that research
is most intense around complications and imaging/in-
terventional techniques and also strongly focused on
outcomes such as access patency and fistula formation,
while more peripheral themes appear less frequently.

Discussion. The visualisation results reveal a dy-
namic and evolving research landscape in the manage-
ment of AV fistula bleeding [3]. Four principal the-
matic clusters emerge. First, the blue cluster highlights
patient-specific risk factors such as sex and vascular
closure techniques, showing that haematoma and other
vascular complications remain common adverse events
after catheterisation, and that ultrasound guidance and
closure devices can reduce this risk [25—29]. Second,
the green cluster centres on diagnostic and interven-
tional radiology, where angiography and endovascular
embolisation have become standard for detecting and
treating bleeding or vascular malformations [30, 31].
Third, the red cluster underscores anatomical and pro-
cedural determinants such as vein choice, puncture site

and repeated cannulation trauma crucial to long-term
patency and bleeding risk [11, 30] . Finally, the yel-
low cluster signals a shift towards outcome-oriented
research, with growing attention to trial design, quality
metrics and evidence synthesis.

Persistent hotspots particularly “haematoma” and
“vascular complication” show these remain unresolved
clinical challenges, while newer terms such as “confi-
dence interval”, “difference” and “inclusion” indicate
rising methodological rigour and interest in well-de-
signed clinical trials [11, 32]. Beyond bibliometric pat-
terns, AV fistula bleeding represents a major global bur-
den: it increases morbidity, mortality and health-care
costs, and diminishes quality of life through anxiety and
fear of recurrent episodes [11, 33, 34].

Effective management requires close collaboration
among nephrologists, vascular surgeons, interventional
radiologists and nurses [35]. Nurses play a pivotal role
in early detection, patient education and home-based
monitoring [36], while interventional radiology pro-
vides minimally invasive treatments such as embolisa-
tion and angioplasty for refractory haemorrhage [9].
Technological innovations, including ultrasound-guid-
ed cannulation, automated pressure sensors, and simu-
lation-based or virtual-reality training, further support
safer procedures and better risk prediction; artificial-
intelligence models can also help identify high-risk pa-
tients [26—29, 37—41]
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Research priorities differ by setting: high-income
countries often emphasise interventional radiology and
Al-based risk prediction, whereas low- and middle-in-
come countries, including Indonesia, rely more heavily
on nurse-led surveillance and patient education due to
limited access to advanced technologies[10, 42—45].

Future research should prioritise large multicentre
randomised trials, systematic reviews and cost-effec-
tiveness analyses, while integrating patient-reported
outcomes to capture the full clinical and psychosocial
impact [1, 46—54]. Addressing these gaps will require
coordinated global policies that strengthen national
vascular-access registries, support nurse-led surveil-
lance, and invest in context-appropriate technologies,
in line with the World Health Organization’s Global
Patient Safety Action Plan and the United Nations Sus-
tainable Development Goal 3 agenda [55—57].

Building on the above findings, recent bibliomet-
ric investigations show that although research output
from LMICs is growing, authors affiliated solely with
LMIC institutions are underrepresented in senior au-
thorship positions—especially in multicountry studies
and high-impact journals [58,59]. This finding aligns
with patterns seen in global emergency medicine and
broader global health literature, where leadership tends
to cluster in high-income countries even when stud-
ies are conducted in LMICs [60, 61]. Therefore, our
co-authorship results suggest there is room to improve
equity of research leadership by enabling more LMIC-
based researchers to take leading roles through funding,
capacity building and deliberate partnership structures
[58—61].

This study is subject to several limitations. First,
restricting the search to English-language publications
indexed in Scopus and PubMed may have excluded
relevant studies published in other languages or non-
indexed sources. Second, citation counts inherently
favour older publications, which have had more time
to accumulate citations, and tend to privilege research
output from high-income countries where visibility and
academic networks are stronger. These factors may bias
the apparent influence of particular authors, countries
or institutions and should be considered when inter-
preting the bibliometric indicators.

Future research should build on these findings
through well-designed multicentre clinical trials and
the development of national or international vascular-
access registries. Such initiatives would allow robust
evaluation of prevention and management strategies
for AV fistula bleeding across different populations and
healthcare settings. In addition, Al-based risk predic-
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tion models and other machine-learning approaches
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guide personalised interventions. These steps would
provide a more comprehensive evidence base and in-
crease the practical relevance of future work.

Conclusions. This bibliometric study provides a
comprehensive overview of research trends in AV fis-
tula bleeding over the last two decades, identifying four
main thematic clusters: clinical complications, diag-
nostic and interventional strategies, anatomical con-
siderations, and outcome-based evaluations, showing a
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density and overlay visualisations highlight a chrono-
logical shift, with recent studies focusing on pharmaco-
logical safety, adverse-event monitoring, and long-term
fistula patency. Moving forward, research should pri-
oritise standardised bleeding-management protocols,
stronger roles for nursing and multidisciplinary teams,
integration of patient-reported outcomes, and predic-
tive analytics using machine learning, alongside studies
on educational interventions, simulation-based train-
ing, and quality-of-life impacts. These directions un-
derscore the need for integrated, evidence-based strate-
gies in which clinicians emphasise early detection and
standardised management while researchers explore
innovative models and under-addressed topics. Greater
involvement of multidisciplinary teams, including nurs-
ing, together with investment in patient education and
outcome tracking, will strengthen both prevention and
intervention strategies and support the development
of holistic, preventive, and personalised approaches to
vascular access care in haemodialysis.
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Abstract. To investigate urinary thrombin levels in patients with glomerulonephritis
(GN), evaluate their relationship with the morphological type of GN, disease activity,
and assess the diagnostic value of thrombinuria.

Methods. A cross-sectional study was conducted in 72 patients with biopsy-proven GN
and 40 healthy controls. Serum and urinary concentrations of thrombin, IL-6, TNF-a,
and TGF-f 1 were measured using ELISA. Clinical data and renal biopsy findings were
analyzed. Statistical methods included correlation and group comparison tests.

Results. Urinary thrombin was markedly elevated in GN patients compared with controls

(median 9.4 vs. 0.38 ng/ml; p = 0.013), while serum thrombin showed no significant

difference. Thrombinuria was detected in 80.6% of patients and correlated positively

with daily proteinuria (r = 0.514), urinary IL-6 (r = 0.438), and urinary TNF-a

(r=0.372). An inverse correlation was observed with urinary TGF-f 1 (r =—0.534) and

the chronicity index (r = —0.783), suggesting that thrombinuria characterizes active

inflammatory phases, while its decline accompanies fibrotic remodeling. No significant

associations were found between serum thrombin and systemic inflammatory markers.

Conclusions. Thrombinuria may reflect local activation of coagulation—inflammation

pathways. It demonstrates associations with proteinuria, pro-inflammatory cytokines.

These results suggest that thrombinuria could serve as a potential non-invasive

Article history: biomarker of disease activity in GN; however, due to the cross-sectional design and
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I.C. Muxanoiiko!, P.I. Suumun!, 1.0. dyxap?

TpomOiHypis AK JaHKA MiXK iHTpapeHaJIbHOI0 KOATYJISIEI0 Ta 3anaJJeHHAM
Y XBOPHUX Ha rjioMepyJioHepuT

IIBaHo-MpaHKiBCbKMIT HALIOHAIBHUM MeIUYHUI YHiBepcuTeT, M. IBano-PpaHKiBebK, YKpaiHa
2HauioHanbHuii MeauuHuil yHiBepeuteT imeHi O.0. Boromonbus, M. Kuis, Ykpaina

Pestome. Memoro uiei pobomu 6yno docaidumu pieernb mpomoOiny ceui nayicHmie i3 enomepyioHeppumom
(T'H), ouinumu iioeo 83ae€m036’930K i3 0i0XiMIMHUMU MaA MOPHOA0IHHUMY hopMaMU, AKMUBHICMb X80poOU ma 6u-
3Hauumu 0iazHoCMU4HY YiHHICIMb MPOMOIHYPII.

Memodu. Ilpogedero nonepeurne 0ocrioncenHs 3a yuacmio 72 nauicHmis i3 Mopgoaoeiuno niomeepoycenum
T'H ma 40 npakmuuno 3doposux ocio konmpoaonoi epynu. Konyenmpayii mpomoiny, I1L-6, TNF-a ma TGF-$, y
cuposamuyi kposi ma ceui uznauanru memodom 1DPA. Ilpoananizosarno kainiuni dani ma pesysvmamu 6ioncii HUPOK.
s cmamucmuunoi 06poOKU 3acmMOCO8Y8aNU KOPEAAUIUHUN AHANI3 | MemOoOu NOPIBHAHHS 2PYH.

Pesyavmamu. Pieenv mpom6iny 6 ceui 6y6 3Hauno niosuuwienuil y nayicumie iz I'H nopiensno 3 KOHmpoavHow
epynoro (mediana 9.4 npomu 0.38 ne/ma; p = 0.013). Tpombinypito suseaeno y 80,6% nayicumis; 60Ha NO3UMUBHO
Kopearosana 3 00606orw npomeinypiero (r = 0.514), pienem IL-6 (r = 0.438) ma TNF-a (r = 0.372) y ceui. Boonouac
8CMAH08AeHO 360pomHY Kopeasyiro 3 pisnem TGF-B1 ceui (r = —0.534) ma indexcom xponiunocmi (r = —0.783), wo
ceiduums: mpomoOinypisn 8i00bpaxicae aKkmusHicMob 3anaAbHO-KOACYAAUIUHUX NPOUeCis.

Bucnoeku. Tpombinypis y xeopux na I'H € Hacaiokom aokarvuoi akmueayii koa2yasayii 6Hacaidok 3ananexHs.
[T 6enununa acoyitoemoca 3 pienamu npomeinypii, npo3ananbHux YUMoKinie i 3arescums 8id mMopponoeiunoi op-
mu TH. Ompumani pesysomamu ceiouamo, uio mpomoiHypis mMoxce po3eai0amucs K NOMeHYiuUHUi HeiH8a3U8HUL
biomapkep akmugeHocmi enomepyaoHeppumy; 00HaK, 3 02410y HA NONepe*Hull OU3aiiH 00CAIONCeHHS MA 0OMENHCeHY
8ubipky, yi pesyabmamu caid inmepnpemyeamu 3 obepedycHicmio ma niomeepoumu y Giabux nPocReKmugHuUx 0o-

CNIONCEHHSX.

Kmouosi cioBa: eromepynonegppum, mpombinypis, IJ1-6, ®HII-c, TOP-L,, biomapkepu, 3anarenns, Koazyiayis.

Introduction. Glomerulonephritis (GN) com-
prises a heterogeneous group of renal disorders char-
acterized by inflammatory injury of the glomerular
apparatus. Despite the diversity of etiological triggers
and morphological presentations, most forms of GN
converge on common pathogenetic mechanisms. These
include immune-mediated damage of the glomerular
filtration barrier, activation of complement cascades,
recruitment of leukocytes into the glomerular compart-
ment, and stimulation of intraglomerular coagulation
pathways [1]. The interplay of these mechanisms results
in a self-perpetuating cycle, whereby inflammation am-
plifies coagulation, and coagulation, in turn, sustains
inflammation, accelerating the progression of glomeru-
lar injury [2].

Within this context, thrombin emerges as a central
player. Formed by proteolytic cleavage of prothrombin
by activated factor X (Xa) in the presence of calcium,
phospholipids, and cofactor V, thrombin is classically
regarded as the terminal enzyme of the coagulation

Iryna Mykhaloiko
iralisn@gmail.com

cascade, responsible for the conversion of fibrinogen
to fibrin and clot formation. However, increasing evi-
dence demonstrates that thrombin is not limited to he-
mostasis; rather, it acts as a potent signaling mediator
at the interface of coagulation and inflammation [3].
By binding to and activating protease-activated recep-
tors (PAR) expressed on endothelial cells, mesangial
cells, macrophages, and platelets, thrombin induces a
cascade of pro-inflammatory events. These include en-
dothelial activation and dysfunction, increased perme-
ability of the glomerular basement membrane, stimu-
lation of leukocyte recruitment, and secretion of cyto-
kines such as interleukin-6 (IL-6) and tumor necrosis
factor-a (TNF-a). Moreover, thrombin-mediated sig-
naling has been implicated in the upregulation of trans-
forming growth factor-B1 (TGF-B1), a key profibrotic
cytokine that promotes extracellular matrix accumula-
tion, mesangial expansion, and progressive glomeru-
losclerosis. Collectively, these processes contribute to
fibrin deposition, disruption of the glomerular barrier,
and advancement of both inflammatory and fibrotic in-
jury within the kidney [4].

Physiologically, the relatively high molecular
weight of thrombin (~36 kDa) prevents its filtration
across an intact glomerular barrier. The detection of
thrombin in urine (thrombinuria) is therefore consid-
ered an abnormal phenomenon that may reflect either
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structural disruption of the glomerular filtration barrier
or intraglomerular generation of thrombin with sub-
sequent excretion into the urine [5]. This concept has
been supported by several clinical investigations. Kita-
moto et al. (2004) demonstrated the presence of urinary
thrombin in approximately two-thirds of patients with
GN, while it remained undetectable in healthy con-
trols and in individuals with systemic disseminated in-
travascular coagulation [6]. A subsequent study by the
same group (2015) highlighted the diagnostic utility of
thrombinuria, reporting sensitivity of 70.6% and speci-
ficity of 90.1% for rapidly progressive forms of GN [7].
Furthermore, in patients with diabetic nephropathy,
urinary thrombin was found with increasing frequency
at advanced stages of chronic kidney disease (CKD
stages [I1-1V), where it correlated with decreased glo-
merular filtration rate (GFR) and more pronounced
proteinuria, thus suggesting its potential role as a mark-
er of disease progression [8].

Nevertheless, despite accumulating evidence, the
clinical role of thrombinuria remains insufficiently es-
tablished. Most published studies are small in scale,
cross-sectional in design, and descriptive in nature,
while standardized laboratory methods for urinary
thrombin detection have not been widely implemented.
Several key questions remain unresolved: does urinary
thrombin simply mirror structural barrier damage, or
does it signify active intraglomerular coagulation-in-
flammation? How consistently does it correlate with
traditional clinical parameters such as proteinuria,
eGFR, and histological markers? Could it serve as a
predictor of therapeutic response to immunosuppres-
sive regimens or as a potential indication for anticoagu-
lant interventions? Addressing these questions is essen-
tial for translating thrombinuria from an intriguing lab-
oratory finding into a clinically meaningful biomarker.

In this regard, systematic evaluation of urinary
thrombin in patients with GN, along with its asso-
ciation with clinical, biochemical, and morphological
indicators of disease activity, is highly relevant. Such
studies have the potential to refine our understanding
of the pathophysiological crosstalk between coagula-
tion and inflammation in glomerular disorders and may
pave the way for novel diagnostic approaches and thera-
peutic strategies that target this critical interface.

The objective of this study was to investigate uri-
nary thrombin levels in patients with GN and to deter-
mine their correlations with clinical, laboratory, and
morphological markers of disease activity, with the aim
of evaluating the diagnostic and prognostic value of
thrombinuria as a biomarker of glomerular injury.

Materials and methods. In this cross-sectional
observational study, we included 72 patients with pri-
mary GN admitted to the Ivano-Frankivsk Regional
Clinical Hospital during 2022—2024.

This research was conducted in accordance with
internationally accepted ethical standards for studies
involving human subjects, including the principles of
bioethics and biospecimen collection established by the

World Medical Association’s Declaration of Helsinki
and the UNESCO Universal Declaration on Bioethics
and Human Rights.

The control group consisted of 40 practically
healthy individuals matched to the study cohort by key
characteristics.

Of the 72 enrolled patients, the majority were
male—58 individuals (80.6%; 95% CI: 69.3—88.4)—
while 14 were female (19.4%; 95% CI: 11.6—30.7). The
average age of the study population was 45 years, with
an interquartile range of 40—49 years.

Inclusion criteria comprised age >18 years, a mor-
phologically verified diagnosis of glomerulonephritis,
and an estimated glomerular filtration rate (eGFR)
above 45 ml/min/1.73 m2. Exclusion criteria included
age <18 years, refusal to participate, systemic connec-
tive tissue disorders, systemic vasculitis, diabetes melli-
tus (type 1 or 2), prior thromboembolic or cardiovascu-
lar events, chronic heart failure (NYHA class I11-1V),
acute infections of any origin, malignancies, acute or
chronic hepatic failure, and psychiatric illnesses.

All 72 cases of GN included in the study were mor-
phologically confirmed. The most frequent subtype was
mesangioproliferative glomerulonephritis, diagnosed
in 19 patients (26.4%; 95% CI: 17.1-37.8). Membra-
nous nephropathy accounted for 17 cases (23.6%; 95%
CI: 14.9-34.8), focal segmental glomerulosclerosis was
observed in 16 patients (22.2%; 95% CI: 13.5-33.9),
minimal change disease in 13 cases (18.1%; 95% CI:
10.3—28.9), and membranoproliferative (mesangiocap-
illary) glomerulonephritis in 7 patients (9.7%; 95% CI.:
4.4—-19.0).

At baseline, nephrotic syndrome was documented
in 38 patients (52.8%; 95% CI: 41.2—64.2), whereas
isolated urinary syndrome was observed in 34 individu-
als (47.2%; 95% CI: 35.8—58.8).

According to the histological subtype of GN and
the clinical course, patients received pathogenetic ther-
apy consisting of glucocorticosteroids and cytotoxic
agents. All participants were prescribed either angio-
tensin-converting enzyme inhibitors or angiotensin II
receptor blockers. In addition, 63 patients (87.5%; 95%
CI: 77.6—93.6) were treated with sodium—glucose co-
transporter 2 (SGLT2) inhibitors.

The clinical diagnosis of GN was established in
accordance with standard diagnostic protocols and
the Kidney Disease Classification, as well as cur-
rent clinical practice guidelines for the management
of glomerular disorders [9]. All patients underwent a
comprehensive baseline assessment that incorporated
general clinical evaluation, biochemical profiling,
and instrumental investigations. Biochemical analyses
were performed in the certified clinical laboratory of
the Ivano-Frankivsk Regional Clinical Hospital, using
standardized methodologies to ensure accuracy and re-
producibility of results.

Quantitative determination of thrombin concen-
trations in blood serum and urine was performed using
enzyme-linked immunosorbent assay (ELISA) with
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commercial reagent kits (MyBioSource, USA). Morn-
ing urine specimens were collected, centrifuged at 1500
rpm for 10 minutes, and 1—2 ml of the supernatant
was subjected to analysis. Aliquots of supernatant were
stored at —20 °C until further processing. The assay had
a detection range of 0.312—20 ng/ml and an analytical
sensitivity of 0.06 ng/ml.

Inflammatory markers were assessed in both serum
and urine samples. The cytokines analyzed included in-
terleukin-6 (IL-6), tumor necrosis factor-o (TNF-a),
and transforming growth factor-pl1 (TGF-B1). 1L-6
concentrations were measured using a sandwich ELI-
SA kit (MyBioSource, USA) with a detection range of
7.8—500 pg/ml and sensitivity <2.9 pg/ml. TNF-a lev-
els were determined by an analogous method using a kit
from the same manufacturer, with a detection range of
15.6—1000 pg/ml and sensitivity <7 pg/ml. TGF-B1 was
quantified using a sandwich ELISA kit (MyBioSource,
USA) with a detection range of 31.25—2000 pg/ml and
an analytical sensitivity of 18.75 pg/ml.

Statistical analysis was performed using STA-
TISTICA 8 software (StatSoft, serial number
STA862D175437Q). Qualitative variables were ex-

pressed as absolute numbers (n) and percentages (%)
with 95% confidence intervals (CI). Quantitative data
were tested for normality using the Shapiro—Wilk test.
Normally distributed variables were presented as mean
t standard deviation (M*SD), while non-normally
distributed data were expressed as median and inter-
quartile range (Me (Q25—Q75)).

Comparisons between groups were carried out us-
ing Student’s t-test for normally distributed variables,
the Mann—Whitney U test for non-normal data, and
Fisher’s exact test for categorical variables. Correla-
tions were assessed using Pearson’s coefficient for nor-
mally distributed data and Spearman’s coefficient for
non-normally distributed data. All statistical tests were
two-tailed. Given the exploratory nature of the study,
no formal correction for multiple comparisons was ap-
plied. A p-value <0.05 was considered statistically sig-
nificant.

Results. The levels of thrombin, pro-inflammatory
cytokines, and the profibrotic marker were analyzed in
both blood serum and urine of patients with GN, and
the results are presented in Table 1.

Table 1
Thrombin, inflammatory, and fibrotic biomarkers in serum and urine of patients with glomerulonephriti[; )

Parameter Control cohort (n=40) Patient cohort (n=72) p-value
Thromtl\)/liz |[r[1J 2stse-r8;2] ng/ml 0.6 (04-0.8) 0.8 (0.6-10) p=0623
Thromhsien[glzgiig%]ng/ml 03 (03-04) 94 (6.6-14.2) p=0013
'L'ﬁh;”es[%;‘g‘_“é?%/ m 253 (19.6-275) 678 (33.2-934) p=0.045
-6 Ft?z%ear;%{ mi 83 (71-95) 132 (285-715) p=0.018
TNF‘?A ;”[8‘3%“7'59/ m 218 (253-297) 544 ( 33.6-70.5) p=0.039
TNF‘ﬁe‘f[‘Q“ng_‘% g]g/ il 166 (151-19.3) 324 (237-435) p=0.023
TGFB&E[Z%;%E]Q/ ml 684 (517-75.9) 1254 (65.2-158.5) p=0.005
TGFEA;"[S%”%%?/ mi 35.8 (315-384) 4575 (325.3-656.2) p<0.001

Abbreviations: IL-6 — interleukin-6; TNF-a — tumor necrosis factor-alpha; TGF-p, — transforming growth factor-beta 1;
Me (Q25—Q75) — median and interquartile range.

Notes:

In this study, serum thrombin concentrations did
not differ significantly between patients with glomeru-
lonephritis and healthy controls (p = 0.623). In con-
trast, urinary thrombin levels were markedly elevated in
the patient cohort (p = 0.013), suggesting its diagnostic
relevance as a marker of glomerular injury.

p - statistical difference between the study group and the control group.

Pro-inflammatory cytokine levels were consistent-
ly higher among patients. Serum IL-6 was more than
doubled compared with the control group (p = 0.045),
while urinary IL-6 showed an even greater increase
(p = 0.018). TNF-a concentrations demonstrated a
similar trend: serum levels were significantly higher in
patients (p = 0.039), as were urinary levels (p = 0.023).
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The most pronounced differences were observed
for the profibrotic mediator TGF-B1. Serum concen-
trations were significantly elevated in the GN group
compared to controls (p = 0.005). Urinary TGF-p1
levels showed an over tenfold increase in patients rela-
tive to healthy individuals ( p < 0.001).

Collectively, these findings highlight a clear dys-
regulation of the coagulation—inflammation axis in glo-
merulonephritis, characterized by elevated thrombin-
uria, activation of systemic and local pro-inflammatory
cytokines, and strong upregulation of fibrotic signaling
through TGF-B1.

In healthy individuals, urinary thrombin concen-
trations did not exceed 1 ng/ml; therefore, values below
this threshold were interpreted as the absence of throm-

binuria. The threshold of 1 ng/ml was selected as the
upper limit of urinary thrombin concentration among
healthy controls and in line with previous studies [6].
Among patients with GN, thrombinuria was absent in
14 of 72 cases (19.4%; 95% C1: 10.9—29.6). Conversely,
elevated urinary thrombin (>1 ng/ml) was detected in
58 patients (80.6%; 95% CI: 70.4—89.1), with a me-
dian concentration of 9.4 ng/ml (interquartile range:
6.6—14.2).

On this basis, the study cohort was stratified into
two groups: Group I — patients without thrombinuria
(<1 ng/ml), and Group II — patients with thrombin-
uria (>1 ng/ml). The principal demographic, clinical,
and laboratory characteristics of both groups are sum-
marized in Table 2.

Table 2
Baseline characteristics of patients with glomerulonephritis stratified by thrombinuria status
Group | (n=14) Group Il (n = 58) p-value
Age, years
Me (025-075) 43 (37-48) 46 (40-51) 0378
Sex, male
(% 95% Cl) T4 (447-88.3) 828 (731-924) 0451
Sex, female
(%: 95% Cl) 28.6( 117-55.3) 172 (75-26,9) 0451
Mesangioprolifera-tive GN _ g
(% 95% Cl) 286 (47 - 524) 259 (14.5-372) 071
Membranous nephropathy ) i
(% 95% Cl) 214(0-429) 241 (13.0-35.3) 0569
FSGS
(% 95% Cl) 214(0 - 429) 224 (115-33.3) 0.623
Minimal change GN (%; 95% Cl) 143 (0-327) 19.0(87-29.2) 0512
Mesangiocapillary GN (%; 95% Cl) 14.3 (0 - 32.7) 8.6 (14-15.8) 0615
Creatinine, umol/L Me (25-Q75) 1264 (745-1576) 12.3 (11-1417) 0.665
Urea, mmol/L
Me (025-075) 87(68-7) 8.2(69-95) 0.856
Serum albumin, g/L
Me (Q25-Q75) 32 (26-36) 24 (19-28) 0.046
eGFR, ml/min/1.73 m?
Me (025-075) 55 (47-65) 58 (45-75) 0.654
Daily proteinuria, g/day 18(08-29) 49 32.58) o
Me (025-Q75) e -9 (9.£79. .
D-dimer, mg/L
Me (025-Q75) 05(02112) 0.8 (05-14) 0.248
Fibrinogen, g/L
Me (Q25-Q75) 38(29-4.8) 41(39-49) 0412

Abbreviations: CI — confidence interval; eGFR — estimated glomerular filtration rate; GN — glomerulonephritis; FSGS — focal
segmental glomerulosclerosis; Me (Q25—Q75) — median and interquartile range.

When comparing baseline characteristics between
the groups, no significant differences were observed in
age, sex, morphological variants of GN, or laboratory
measures, including creatinine, urea, estimated GFR,
D-dimer, and fibrinogen (p > 0.05).

However, Group II demonstrated a markedly
lower serum albumin level (p = 0.046) and substan-
tially higher daily proteinuria (p = 0.001), suggest-
ing more severe glomerular damage in patients with
thrombinuria.
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The correlation analysis highlighted distinct pat-
terns linking urinary thrombin concentrations with
daily proteinuria and biomarkers of inflammation and
fibrosis in patients with GN.

In patients with GN, a moderate positive correla-
tion was observed between urinary thrombin levels and
daily proteinuria (r = 0.514; p = 0.013) (Fig. 1).

Significant correlations were also established be-
tween thrombinuria and pro-inflammatory cytokines,
including I1L-6 (r = 0.438; (p = 0.021) and TNF-a
(r =0.372; p = 0.037) (Figs. 2, 3). These findings in-
dicate that thrombin may act not only as a marker of

structural glomerular injury but also as an active media-
tor of inflammatory responses, enhancing cytokine pro-
duction and promoting immune-inflammatory damage
to renal tissue.

Of particular importance is the inverse correlation
identified between urinary thrombin levels and uri-
nary TGF-B, concentrations (r = —0.534; p = 0.028)
(Fig. 4). Elevated TGF-p,, a key profibrotic cytokine,
was associated with reduced thrombin excretion, sug-
gesting a pathogenetic shift from predominant inflam-
matory—coagulatory activity toward fibrotic remodel-
ing processes.
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Fig. 1. Correlation between daily proteinuria (g/day) and urinary thrombin concentration (ng/ml)
in patients with glomerulonephritis (p = 0.013).
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Fig. 2. Correlation between urinary interleukin-6 (pg/ml) and urinary thrombin concentration (ng/ml)
in patients with glomerulonephritis (p = 0.021).
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Fig. 3. Correlation between urinary tumor necrosis factor-alpha (pg/ml) and urinary thrombin concentration (ng/ml)
in patients with glomerulonephritis (p = 0.037).
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Fig. 4. Correlation between urinary transforming growth factor-beta 1 (pg/ml) and urinary thrombin concentration (ng/ml)
in patients with glomerulonephritis (p = 0.028).

Additionally, the study analyzed the relationship
between thrombinuria and morphological features of
renal tissue injury. A strong inverse correlation was
found between urinary thrombin levels and the over-
all chronicity score (r = —0.783; (p = 0.006), which
encompassed the degree of interstitial fibrosis, tubular

atrophy, and global glomerulosclerosis (Fig. 5). This
indicates that lower thrombinuria levels are charac-
teristic of advanced and chronic morphological le-
sions, whereas elevated thrombinuria may reflect ac-
tive inflammatory—coagulatory processes in earlier
disease stages.
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Fig. 5. Correlation between renal chronicity score and urinary thrombin concentration (ng/ml)
in patients with glomerulonephritis (p = 0.006).

Taken together, these findings highlight the patho-
genetic interplay between immune-inflammatory me-
diators, urinary thrombin generation, and structural
fibrotic remodeling of the kidney. This underscores the
potential of thrombinuria to serve as an integrated bio-
marker of both disease activity and stage in glomerular
injury.

At the same time, serum analysis did not reveal
statistically significant correlations between throm-
bin concentration and systemic inflammatory markers
(IL-6, TNF-a). This result may indicate the local
nature of pathological changes in renal tissue, where
thrombin production and cytokine activation occur
predominantly at the level of the glomeruli and tubu-
lointerstitium, rather than being reflected in the sys-
temic circulation.

The obtained data emphasize the importance of as-
sessing urinary markers for studying the pathogenesis of
GN, since they reflect the local activity of inflamma-
tory and coagulation cascades, whereas plasma analysis
may underestimate these changes.

Discussion. In the present study, we demonstrated
a significant increase in urinary thrombin levels in pa-
tients with GN, while serum thrombin concentrations
did not differ significantly from those of the control co-
hort. Thrombinuria was detected in over 80% of patients,
underscoring its potential role as a local marker of glo-
merular injury. These findings align with earlier reports
by Kitamoto et al. (2004, 2015), who highlighted the
diagnostic value of thrombinuria in rapidly progressive
forms of GN, with high sensitivity and specificity [6, 7].
Our findings are consistent with more recent evidence in
diabetic nephropathy, where the presence of thrombin
in urine was associated with both proteinuria and a de-
cline in GFR, indicating that this biomarker may have
wider relevance across various renal diseases [8].

The correlations identified in our study further
strengthen the pathogenetic link between thrombin
generation and disease activity. Urinary thrombin lev-
els were positively associated with daily proteinuria and
urinary concentrations of IL-6 and TNF-a, two key
pro-inflammatory cytokines. This observation is in line
with experimental studies demonstrating that thrombin,
through activation of protease-activated receptors, in-
duces cytokine secretion and endothelial dysfunction,
thereby sustaining renal inflammation [3]. Comparable
associations were described in lupus nephritis, where
thrombin activity was linked to intrarenal inflammatory
burden and histological severity [10]. Such cross-disease
consistency supports the hypothesis that thrombinuria
reflects not merely passive leakage but active local intra-
glomerular coagulation and immune activation.

A particularly noteworthy observation, consistent
with both our findings and prior reports, is that free
thrombin in the urine may be generated locally within
the glomeruli under the influence of tissue factor re-
leased by mesangial cells in response to pro-inflamma-
tory cytokines. This supports the concept that throm-
binuria should be regarded not only as an indicator of
glomerular barrier disruption but also as a manifesta-
tion of a localized, DIC-like process within the kidneys
[11, 12]. The absence of thrombinuria in patients with
systemic disseminated intravascular coagulation further
underscores this local nature [13]. Importantly, analo-
gous phenomena have been described beyond nephrol-
ogy: thrombin has been identified in bronchoalveolar
lavage fluid of patients with pulmonary fibrosis, as well
as immunohistochemically localized in brain tissue of
individuals with Alzheimer’s disease [14]. Together,
these findings highlight thrombin’s universal role as a
marker of tissue-specific inflammatory—coagulation
activity across multiple organ systems.
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Interestingly, our study also revealed an inverse
relationship between urinary thrombin and urinary
TGF-B1 levels, as well as between thrombinuria and
the chronicity index of renal pathology. The inverse
association between urinary thrombin and TGF-B1/
chronicity index may indicate a transition from active
inflammatory-coagulative processes to fibrotic remod-
eling. In early disease stages, thrombin generation re-
flects active glomerular injury, while in advanced fibro-
sis, its reduction parallels loss of cellular activity and
progressive matrix accumulation. These findings may
indicate a pathogenetic shift: elevated thrombinuria
appears to characterize earlier and more inflammatory
phases of GN, whereas reduced urinary thrombin ac-
companies advanced fibrosis and irreversible structural
remodeling. This interpretation resonates with obser-
vations in chronic kidney disease of various etiologies,
where urinary thrombin levels were shown to decline in
late-stage fibrosis (Kitamoto et al., 2021) [8]. Taken to-
gether, these results position thrombinuria as a dynamic
biomarker reflecting both activity and chronicity of glo-
merular injury.

The absence of correlations between serum throm-
bin and systemic markers of inflammation (IL-6,
TNF-a) further underscores the local nature of these
processes. This is consistent with previous reports dem-
onstrating that plasma-based assays may underestimate
intrarenal activity, whereas urinary biomarkers provide
a more sensitive reflection of localized pathophysiologi-
cal changes [15]. The parallels with other organ systems
where thrombin accumulates locally—without systemic
elevation—reinforce its significance as a marker of lo-
calized coagulation—inflammation interplay.

From a clinical perspective, our findings suggest
that urinary thrombin could be integrated into diag-
nostic algorithms as a non-invasive marker of disease
activity in GN. Elevated thrombinuria may help iden-
tify patients at higher risk of progressive injury, guide
therapeutic decision-making, and potentially serve as
a surrogate marker for treatment response. Moreover,
considering the established profibrotic and pro-inflam-
matory role of thrombin, targeting thrombin-mediated
pathways may open new therapeutic avenues.

Other urinary biomarkers such as neutrophil ge-
latinase-associated lipocalin (NGAL) and monocyte
chemoattractant protein-1 (MCP-1) have also been
extensively investigated as indicators of renal inflam-
mation and tubular injury. NGAL reflects early tubular
stress and neutrophil activation, while MCP-1 is a che-
mokine responsible for monocyte recruitment and in-
terstitial inflammation [16, 17]. In this context, throm-
binuria complements these markers by emphasizing
the coagulation—inflammation axis that characterizes
glomerular injury. However, thrombinuria is not spe-
cific to glomerulonephritis alone—it has also been ob-
served in diabetic nephropathy and lupus nephritis [7,
8]. Therefore, its diagnostic and prognostic significance
should be interpreted in conjunction with clinical find-
ings and histopathological evaluation.

Limitations. The single-center, cross-sectional de-
sign and relatively small cohort limit the generalizability
of the findings. Furthermore, the absence of longitudi-
nal follow-up precluded assessment of thrombinuria dy-
namics under treatment or its predictive value for renal
outcomes. Due to the cross-sectional design, causal re-
lationships between thrombinuria and inflammatory or
fibrotic parameters cannot be established. Despite these
limitations, our results provide compelling evidence that
thrombinuria is a promising biomarker of local renal in-
flammation and coagulation, warranting further valida-
tion in larger, multicenter, prospective studies.

Conclusions:

1. Thrombinuria was observed in a substantial pro-
portion of patients with glomerulonephritis.

2. Urinary thrombin showed positive associations
with proteinuria and local inflammatory cytokines (I1L-
6, TNF-a), suggesting a possible link between coagula-
tion activity and intrarenal inflammation.

3. Inverse correlations between urinary thrombin,
TGF-p, levels, and the chronicity index may reflect a
shift from inflammatory to fibrotic processes as glomer-
ular injury advances.

4. Thrombinuria may represent a promising non-
invasive biomarker of renal inflammatory activity;
however, given the cross-sectional design and limited
cohort size, these findings should be interpreted with
caution. Further longitudinal and mechanistic studies
are needed to confirm these preliminary observations.

Ethics statement. The study protocol was re-
viewed and approved by the Ethics Committee of
Ivano-Frankivsk National Medical University, Ivano-
Frankivsk, Ukraine (Protocol No. 124/21, November
29, 2021). All participants provided written informed
consent prior to enrollment in the study and for the
collection and analysis of their clinical and laboratory
data.

Conflict of interest. The authors declared no com-
peting interests.

Findings. The research was performed within the
framework of the institutional project “Immunological
and biochemical disorders in internal organ pathology:
differentiated approaches to treatment” (State registra-
tion No. 0124U002921).

Funding source. The authors received no financial
support for the research.

Information about the contribution of the au-
thors.

1. Mpykhaloiko: literature search, study design
planning, data analysis, manuscript writing and sub-
mission;

R.Yatsyshyn: concept and management of the
work;

1. Dudar: concept and management of the paper.

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Aiaaidy N24 (88) 2025

OpUriHOABHI HOYKOBI POBOTU 29



Original Papers

Ukrainian Journal of Nephrology and Dialysis, 4 (88)’2025

References:

Dudar I, Mykhaloiko 1. The role of hemostatic dis-
orders in the progression of chronic kidney dis-
ease. Ukr J Nephr Dial. 2019;4(64):49-55. doi:
10.31450/ukrjnd.4(64).2019.07.

FEsmon CT. Crosstalk between inflammation and
thrombosis. Maturitas. 2004;47(4):305—314. doi:
10.1016/j.maturitas.2003.10.015.

Coughlin SR. Thrombin signalling and protease-
activated receptors. Nature. 2000;407(6801):258—
264. doi: 10.1038/35025229.

Cunningham MA, Rondeau E, Chen X, Coughlin SR,
Holdsworth SR, Tipping PG. Protease-activated re-
ceptor 1 mediates thrombin-dependent, cell-me-
diated renal inflammation in crescentic glomeru-
lonephritis. J Exp Med. 2000;191(3):455—462. doi:
10.1084/jem.191.3.455.

Qiu Z, Pang X, Xiang Q, Cui Y. The Crosstalk be-
tween Nephropathy and Coagulation Disorder:
Pathogenesis, Treatment, and Dilemmas. J Am Soc
Nephrol.2023;34(11):1793-1811.  doi: 10.1681/
asn.0000000000000199.

Kitamoto Y, Tomita K, Imamura T. Assessment
of thrombin in the urine of glomerulonephritic
patients by enzyme-linked immunosorbent as-
say. Ann Clin Biochem. 2004;41(2):133—137. doi:
10.1258,/000456304322880023.

Kitamoto 'Y, Arizono K, Fukui H, Tomita K,
Kitamura H, Taguma Y, Imamura T. Urinary throm-
bin: a novel marker of glomerular inflammation
for the diagnosis of crescentic glomerulonephritis.
PLoS One. 2015;10(3):e0118704. doi: 10.1371/
journal.pone.0118704.

Kitamoto 'Y, Imamura T, Taguma Y, Tomita K.
Urinary Thrombin as a Marker of Glomerular
Inflammation Associated with Renal Injury in Type
2 Diabetes. Tohoku J Exp Med. 2021;253(1):41-49.
doi: 10.1620/tjem.253.41.

Kidney Disease: Improving Global Outcomes
(KDIGO) Glomerular Diseases Work Group.
KDIGO 2021 clinical practice guideline for the
management of glomerular diseases. Kidney Int.
2021;100:1-276. doi: 10.1016/j.kint.2021.05.021.

10.

11.

12.

13.

14.

15.

16.

17.

de Zubiria Salgado A, Herrera-Diaz C. Lupus nephri-
tis: an overview of recent findings. Autoimmune Dis.
2012;2012(1):849684. doi: 10.1155/2012/849684.

Lin KY, Kwong GA, Warren AD, Wood DK,
Bhatia SN. Nanoparticles that sense thrombin ac-
tivity as synthetic urinary biomarkers of thrombo-
sis. ACS Nano. 2013;7(10):9001-9. doi: 10.1021/
nn403550c.

Mpykhaloiko I. Urinary thrombin as a marker of
local disseminated intravascular coagulation in
patients with chronic kidney disease. Med. per-
spekt.  2021;26(4):81-6. doi: 10.26641/2307-
0404.2021.4.248157.

Levi M, Ten Cate H. Disseminated intravascular
coagulation. N Engl J Med. 1999;341(8):586—592.
doi: 10.1056/NEJM199908193410807.

Howell DC, Goldsack NR, Marshall RP,
McAnulty RJ, Starke R, Purdy G, et al. Direct
thrombin inhibition reduces lung collagen accumu-
lation, matrix metalloproteinase-9 expression, and
neutrophil recruitment in pulmonary fibrosis. Am
J Pathol. 2001;159(4):1383-1395.  doi: 10.1016/
$0002-9440(10)62525-4.

Xiao M, Tang D, Luan S, Hu B, Gong W, Pommer W,
et al. Dysregulated coagulation system links to in-
flammation in diabetic kidney disease. Front Clin
Diabetes Healthc. 2023;4:1270028. doi: 10.3389/
fcdhc.2023.1270028.

Zhang WR, Parikh CR. Biomarkers of Acute and
Chronic Kidney Disease. Annu Rev Physiol.
2019;81:309-333. doi: 10.1146/annurev-physi-
01-020518-114605.

Bolignano D, Donato V, Coppolino G, Campo S,
Buemi A, Lacquaniti A, Buemi M. Neutrophil gela-
tinase-associated lipocalin (NGAL) as a marker of
kidney damage. Am J Kidney Dis. 2008;52(3):595-
605. doi: 10.1053/j.ajkd.2008.01.020.

30

OpWUriHOABHI HOYKOBI POBOTH

YKPAIHCBKUIN XYPHOA HEPPROAOTTT Ta Aianizy N24 (88) 2025


https://ukrjnd.com.ua/index.php/journal/article/view/372
https://ukrjnd.com.ua/index.php/journal/article/view/372
https://ukrjnd.com.ua/index.php/journal/article/view/372
https://ukrjnd.com.ua/index.php/journal/article/view/372
https://www.maturitas.org/article/S0378-5122(04)00019-2/abstract
https://www.maturitas.org/article/S0378-5122(04)00019-2/abstract
https://www.maturitas.org/article/S0378-5122(04)00019-2/abstract
https://www.nature.com/articles/35025229
https://www.nature.com/articles/35025229
https://www.nature.com/articles/35025229
https://rupress.org/jem/article/191/3/455/54442/Protease-Activated-Receptor-1-Mediates-Thrombin
https://rupress.org/jem/article/191/3/455/54442/Protease-Activated-Receptor-1-Mediates-Thrombin
https://rupress.org/jem/article/191/3/455/54442/Protease-Activated-Receptor-1-Mediates-Thrombin
https://rupress.org/jem/article/191/3/455/54442/Protease-Activated-Receptor-1-Mediates-Thrombin
https://rupress.org/jem/article/191/3/455/54442/Protease-Activated-Receptor-1-Mediates-Thrombin
https://rupress.org/jem/article/191/3/455/54442/Protease-Activated-Receptor-1-Mediates-Thrombin
https://journals.lww.com/jasn/fulltext/2023/11000/the_crosstalk_between_nephropathy_and_coagulation.5.aspx
https://journals.lww.com/jasn/fulltext/2023/11000/the_crosstalk_between_nephropathy_and_coagulation.5.aspx
https://journals.lww.com/jasn/fulltext/2023/11000/the_crosstalk_between_nephropathy_and_coagulation.5.aspx
https://journals.lww.com/jasn/fulltext/2023/11000/the_crosstalk_between_nephropathy_and_coagulation.5.aspx
https://journals.lww.com/jasn/fulltext/2023/11000/the_crosstalk_between_nephropathy_and_coagulation.5.aspx
https://journals.sagepub.com/doi/10.1258/000456304322880023
https://journals.sagepub.com/doi/10.1258/000456304322880023
https://journals.sagepub.com/doi/10.1258/000456304322880023
https://journals.sagepub.com/doi/10.1258/000456304322880023
https://journals.sagepub.com/doi/10.1258/000456304322880023
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0118704
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0118704
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0118704
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0118704
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0118704
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0118704
https://www.jstage.jst.go.jp/article/tjem/253/1/253_41/_article
https://www.jstage.jst.go.jp/article/tjem/253/1/253_41/_article
https://www.jstage.jst.go.jp/article/tjem/253/1/253_41/_article
https://www.jstage.jst.go.jp/article/tjem/253/1/253_41/_article
https://www.jstage.jst.go.jp/article/tjem/253/1/253_41/_article
https://www.kidney-international.org/article/S0085-2538(21)00562-7/fulltext
https://www.kidney-international.org/article/S0085-2538(21)00562-7/fulltext
https://www.kidney-international.org/article/S0085-2538(21)00562-7/fulltext
https://www.kidney-international.org/article/S0085-2538(21)00562-7/fulltext
https://www.kidney-international.org/article/S0085-2538(21)00562-7/fulltext
https://onlinelibrary.wiley.com/doi/epdf/10.1155/2012/849684
https://onlinelibrary.wiley.com/doi/epdf/10.1155/2012/849684
https://onlinelibrary.wiley.com/doi/epdf/10.1155/2012/849684
https://pubs.acs.org/doi/10.1021/nn403550c
https://pubs.acs.org/doi/10.1021/nn403550c
https://pubs.acs.org/doi/10.1021/nn403550c
https://pubs.acs.org/doi/10.1021/nn403550c
https://pubs.acs.org/doi/10.1021/nn403550c
https://journals.uran.ua/index.php/2307-0404/article/view/248157
https://journals.uran.ua/index.php/2307-0404/article/view/248157
https://journals.uran.ua/index.php/2307-0404/article/view/248157
https://journals.uran.ua/index.php/2307-0404/article/view/248157
https://journals.uran.ua/index.php/2307-0404/article/view/248157
https://www.nejm.org/doi/full/10.1056/NEJM199908193410807
https://www.nejm.org/doi/full/10.1056/NEJM199908193410807
https://www.nejm.org/doi/full/10.1056/NEJM199908193410807
https://ajp.amjpathol.org/article/S0002-9440(10)62525-4/fulltext
https://ajp.amjpathol.org/article/S0002-9440(10)62525-4/fulltext
https://ajp.amjpathol.org/article/S0002-9440(10)62525-4/fulltext
https://ajp.amjpathol.org/article/S0002-9440(10)62525-4/fulltext
https://ajp.amjpathol.org/article/S0002-9440(10)62525-4/fulltext
https://ajp.amjpathol.org/article/S0002-9440(10)62525-4/fulltext
https://ajp.amjpathol.org/article/S0002-9440(10)62525-4/fulltext
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare/articles/10.3389/fcdhc.2023.1270028/full
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare/articles/10.3389/fcdhc.2023.1270028/full
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare/articles/10.3389/fcdhc.2023.1270028/full
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare/articles/10.3389/fcdhc.2023.1270028/full
https://www.frontiersin.org/journals/clinical-diabetes-and-healthcare/articles/10.3389/fcdhc.2023.1270028/full
https://www.annualreviews.org/content/journals/10.1146/annurev-physiol-020518-114605
https://www.annualreviews.org/content/journals/10.1146/annurev-physiol-020518-114605
https://www.annualreviews.org/content/journals/10.1146/annurev-physiol-020518-114605
https://www.annualreviews.org/content/journals/10.1146/annurev-physiol-020518-114605
https://www.ajkd.org/article/S0272-6386(08)00163-7/abstract
https://www.ajkd.org/article/S0272-6386(08)00163-7/abstract
https://www.ajkd.org/article/S0272-6386(08)00163-7/abstract
https://www.ajkd.org/article/S0272-6386(08)00163-7/abstract
https://www.ajkd.org/article/S0272-6386(08)00163-7/abstract

Ukrainian Journal of Nephrology and Dialysis, 4 (88)'2025 Original Papers

0\“'\an Jo(,/~

5, G

ogy and®

%

<>

A
e./l’sis

Ukrainian Journal of Nephrology and Dialysis
Scientific and Practical, Medical Journal

Founder:
+ National Kidney Foundation of Ukraine

ISSN 2304-0238;
eISSN 2616-7352 Journal homepage: https://ukrjnd.com.ua

Research article

doi: 10.31450/ukrjnd.4(88).2025.04

Ban Badran Adnan, Ayad M. Gaidan, Hawazin Ahmed Abid

Immunological signatures of candida-associated urinary tract
infections in urolithiasis: Role of interleukins and complement
components

Department of Biology, College of Sciences, University of Tikrit,
Tikrit, Iraq

Citation:

Article history:

Received September 13, 2025

Received in revised form
November 07, 2025

Accepted October 12, 2025

Adnan BB, Gaidan AM, Abid HA. Immunological signatures of candida-
associated urinary tract infections in urolithiasis: Role of interleukins
and complement components. Ukr J Nephrol Dialys. 2025;4(88):31-38.
doi: 10.31450/ukrind.4(88).2025.04.

Abstract. Urinary tract infections (UTIs) are prevalent among individuals with
urolithiasis. Bacterial pathogens are commonly associated with UTIs; however, fungal
infections are increasingly recognised, particularly in patients with pre-existing urological
abnormalities.

The present cross-sectional study aimed to investigate the relationship between
UTIs caused by Candida species (Candida spp.) and selected interleukins (ILs) and
complement component 2 (C2) and 4 (C4) in patients with urolithiasis.

Methods. One hundred urine samples were collected from patients with urolithiasis and
twenty urine samples from healthy individuals (controls). Candida spp. were detected
in 47% of the urine samples from patients (versus none in the control group), based on
growth characteristics on Sabouraud dextrose agar (SDA) and staining with Gram stain
and lactophenol cotton blue (LPCB). Urine levels of IL-6, IL-17, IL-22, C2, and C4
were measured using commercially available ELISA assay kits.

Results. The most common species was Candida albicans (C. albicans) (59.5%), while
the least common was Candida krusei (C. krusei) (6.3%). Levels of IL-6, IL-17 and
IL-22 were significantly increased (P < 0.05) in urolithiasis patients (19.6 * 2.4 pg/ml,
77.8 = 16.34 pg/ml and 93.5 = 11.9 pg/ml, respectively) compared with the control group
(11.5 %+ 3.7pg/ml, 22.5 = 6.41 pg/ml and 38.6 * 9.4 pg/ml, respectively). Levels of C2
were significantly reduced (P < 0.05) in patients compared with the control group (51.03
+ 9.44 ng/mlvs. 195.21 £ 13.8 ng/ml).

Conclusions. The obtained data indicate that Candida-associated UTIs in patients with
urolithiasis are accompanied by a pronounced local immune response and may worsen
the course of the underlying disease. Measurement of urinary levels of IL-6, IL-17, IL-
22, and C2 may be useful as additional biomarkers of Candida infection and the intensity
of the inflammatory process. These markers could potentially improve diagnosis and risk
stratification of complications in this patient population.

Keywords: urinary tract infection, urolithiasis; Candida spp., candidiasis.
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Ban Banpan Annan, Aiisn M. Taiinan, XaBasin Axven A6in

ImyHoJI0TIYHI MapKepH KaHIUI0-acouiioBaHoI iH(eKIlii ce40BOI CCTEMH
Y XBOPHX HA YPOJIITia3: poJib IHTEPJIEHKIHIB i KOMIIOHEHTA KOMILIEMEHTY
Kadenpa 6ionorii, Konemx Hayk, Tikpurcokuii yHiBepcuteT, Tikpurt, Ipak

Pestome. ngexuii cewosoi cucmemu (ICC) € nowupenumu ceped nayicumis 3 yporimiasom. baxmepianvni na-
moeeru mpaouyiiino nog’a3awi 3 ICC, o0nak epubkosi inghexuii ompumyroms dedani binvuie UIHAHHS, 0COOAUBO Y NAli-
EHMIB I3 HAABHUMU YPONOIMHUMU NOPYUIEHHAMU.

Memoro ybo2o 00HOMOMeRMHO20 0CAi0HCceHHs 0Yn0 8usHayumu 83aemo3eé 30k mixc ICC, cnpuuunenoro Candida
(Candida spp.) ma xonuyenmpauicro inmepaeiikinie (IJ1) -6, -17, -22 i komnonenma xomnaemenmy 2 (C2) i 4 (C4) y
nayieHmia 3 ypoaimia3om.

Memoou. Y docaioncenns exaoueno 100 3paskis ceui 6io nayieumie 3 ypoaimiazom ma 20 3pa3kie ceui 6id 300-
posux dobposoavyie (konmpoavHa epyna). Buznauenns Candida spp. npoeoduau wiasxom nocigy Ha ujinbHe NOJNCUBHE
cepedosuue Cabypo (Sabouraud dextrose agar, SDA) 3 nodaavuioro oyinkorw pocmogux xapaxkmepucmux Koaouii. 1oen-
mucbikauiro niomeepoxcysaru Mikpockonicro maskie, 3abapenenux 3a Ipamom ma naxmogperon-06a806HAHUM CUHIM
(lactophenol cotton blue). Konuenmpauiro IJ1-6, -17, -22, a maxoxc komnonernmie komnaemenmy C2 i C4y ceui 6uzna-
uanu iMyHogepmMeHmHUM Memoodom 3a 00NOMO20H KOMEPUIlIHUX Habopie 32i0H0 3 IHCMPYKUIIMU GUPOOHUKA.

Pesyavmamu. Hatinowupeniwum eudom 6yara Candida albicans (C. albicans) (59,5%), a natipidwe susnauagcs
Candida krusei (C. krusei) (6,3%). Pieni 1JI-6, -17 ma -22 6yau cmamucmuuno-3uauyuo nidsuwenumu (P < 0,05)
v nauyieumis 3 ypoaimiazom (19,6 £ 2,4 ne/ma; 77,8 £ 16,34 ne/ma ma 93,5 £ 11,9 ne/ma 6i0nogiono) nopisHano 3
KoHmpoavHor epynoio (11,5 = 3,7 ne/mn; 22,5 + 6,41 ne/ma ma 38,6 £ 9,4 ne/ma, 6ionosiorno). Ilpome, pieni C2 6yau
docmosipro 3nuncenumu (P < 0,05) y nayienmis nopiensano 3 koumpoavroro epynoro (51,03 £ 9,44 ne/ma npomu 195,21
* 13,8 He/mn).

Bucnosxu. Ompumani oani ceiouams, wo Candida-acouitiosani ICC y nayienmie 3 ypoaimiazom cynpogooicy-
OMbCS BUPAICEHOID MICUEB0H IMYHHOIO 8i0n08i000 ma MoiCyms nozipulyeamu nepebic OCHOBH020 3aX80PIOBAHHS. 8U-
sHavenns pienie IJ1-6, -17, -22 i C2 y ceui moxce Oymu KOpucHuM yaKocmi 000amkosux Giomapkepie KaHOUuO0o3HOi
ingekyii ma inmeHcu8HOCMI 3aNAALHO20 NPOUECY, WO NOMEHUIHHO 00360AUMb NOKPAUUMU OideHOCMUKY ma cmpamugi-

Kayiro pu3uKy yckaaoueHs y yiil kameeopii Xeopux.

Kmouosi cinoBa: ingexuii cenosux wiasxis, yposimiaz, Candida spp., kanoudos.

Introduction. Urinary tract infections (UTIs) are
among the most common infectious diseases worldwide
and may involve the kidneys, bladder, or urethra [1].
Clinically, UTIs are classified as uncomplicated (uUT]Is)
or complicated (cUTIs) [2]. The ability of uropathogens
to adhere to and invade host tissues is mediated by vari-
ous virulence factors [3—6]. In the presence of predis-
posing risk factors, even mild or atypical UTIs can prog-
ress to severe and life-threatening infections [7].

Urolithiasis is a prevalent urological condition that
significantly increases the risk of urinary tract infection
and associated morbidity. Globally, approximately 12%
of the population is affected by kidney stones, with re-
currence rates of 70—81% in men and 47—60% in wom-
en [8, 9].

Candida species represent the leading cause of
healthcare-associated fungal infections worldwide

Ayad Gaidan
ayad.muqdad@tu.edu.iq.

[10,11]. In healthy individuals, Candida spp. exist as
harmless commensals on the skin and mucosal surfaces
[12]. However, in immunocompromised patients or
those with predisposing conditions (e.g., diabetes mel-
litus, chronic kidney disease, malignancy, or indwelling
urinary catheters), these organisms can become oppor-
tunistic pathogens and cause urinary candidiasis [13].

Host immune responses to Candida are complex
and involve both humoral and cellular mechanisms.
Effective clearance of Candida infections typically re-
quires a predominant T-helper 1 (Thl) response char-
acterized by the production of interferon-y (IFN-y),
whereas a shift toward a T-helper 2 (Th2) profile, with
cytokines such as interleukins (IL)-4 and IL-10, may
impair fungal elimination due to their anti-inflamma-
tory effects [14—16]. An exaggerated Th2 response can
suppress essential proinflammatory pathways, thereby
facilitating persistence of the infection.

The present study aimed to investigate the associa-
tion between Candida-associated UTIs and levels of se-
lected interleukins (IL-6, IL-17, IL-22) and complement
components (C2 and C4) in patients with urolithiasis.

Materials and methods. This cross-sectional
study was conducted in full accordance with the prin-
ciples of the Declaration of Helsinki and approved by
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the Ethics Committee of the Institute of Genetic En-
gineering and Biotechnology for Postgraduate Studies,
University of Baghdad, Iraq (Reference No. 30/7289,
dated 30 November 2023). Informed consent was ob-
tained from all participants before inclusion in the
study.

Sample collection. Between October to December
of 2024, a hundred urine samples were collected from
urolithiasis patients who visited the Saladin Province
teaching hospital. Twenty further urine samples were
taken from people who seemed to be in good health to
act as controls.

Isolation of Candida species from urine samples.
After being incubated at 37°C for 48 hours, all urine
samples were cultured on Sabouraud Dextrose Agar
supplemented with 0.5 pg/mL chloramphenicol (Hi-
media, India). The characteristics of the Candida colo-
nies, including their shape, ability to form germ tubes,
and number of chlamydospores, were used to identify
the species. Under 40x and 100x oil immersion magni-
fication, Gram staining and Lactophenol Cotton Blue
preparations were used for the microscopic investiga-
tion. Carbohydrate fermentation assays provided addi-
tional evidence of species difference.

Immune markers. Urine levels of interleukin-6
(IL-6), interleukin-17 (IL-17), interleukin-22 (IL-22),

complement component C2 (Sunlong, China), and
complement component C3 (Sunlong, China) were
measured using commercially available assay kits. The
procedures were executed in a meticulous manner in
line with the protocols provided by the manufacturers.

Statistical analysis. All data were coded and en-
tered into IBM SPSS Statistics software, version 25.0
(IBM Corp., Armonk, NY, USA). The normality of
distribution of continuous variables was assessed using
the Shapiro—Wilk test. Since all continuous variables
demonstrated a normal distribution, they are presented
as mean =+ standard deviation (M + SD).

Comparisons of continuous variables between two
independent groups were performed using the indepen-
dent-samples Student’s t-test. Categorical variables are
expressed as absolute numbers and percentages (n, %)
and were compared using the 2 test or Fisher’s exact
test, as appropriate.

A two-tailed p-value < 0.05 was considered statisti-
cally significant for all analyses [17].

Results. Demographic and clinical characteristics
of the study participants. A total of 100 patients diag-
nosed with urolithiasis and 20 healthy controls were
enrolled in the study. The demographic and clini-
cal characteristics of both groups are summarized in
Table 1.

Table 1
Demographic characteristics of the study population
Variables Patients Controls value
(n=100) (n=20) p
Age, years
M+SD 4559 £ 117 4245 + 145 0225
Range 21-66 22-61 ’
Sex
Male 77 (771%) 13 (65%) 0258
Female 23 (23%) 7 (35%) ’
BMI, kg/m?
M £ SD 2784 + 3,03 2818 + 333 0358
Range 225-36.2 21.8-34.0 ’
Smoking
Never 69 (69%) 16 (80%) 0373
Ex/current smokers 31 (31%) 4 (20%) }
Comorbidities
Hypertension 14 (14%) 2 (10%) 0.631
Diabetes mellitus 12 (12%) 1(5%) 0.693
Chronic kidney disease 3(3%) 0 1.00
Affected side
Right 45 (42%)
Left 47 (47%)
Both 8 (8%)
Stone size, cm
M+SD 381157
Range 15-70
Disease duration, years
M+ SD 482 + 311
Range 11-14.5

Abbreviations: BMI: body mass index, M: mean, SD: standard deviation,
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As indicated in Table 1, there was no significant
difference (p = 0.225) in the mean age between the
sick group (45.59 = 11.17 years) and the control group
(42.45 £ 11.45 years). With 77% of patients being male
and 65% of controls being male (p = 0.258), the gender
distribution was also similar between the two groups.

There was no significant difference in the body
mass index (BMI), with patients averaging 27.84 + 3.03
kg/m? and controls 28.18 + 3.33 kg/m? (p = 0.358).
With 31% of patients and 20% of controls being current
or past smokers (p = 0.323), there was also no signifi-
cant difference in smoking habits.

There were no statistically significant differences
(p > 0.05) between the groups in terms of comorbid ill-
nesses; however, 14% of patients and 10% of controls
had hypertension, 12% had diabetes mellitus, and 5%
had chronic kidney disease.

Among the patients surveyed, 8% had stones on
both sides of their kidneys, 47% on the left, and 45% on
the right. With a range of 1.5-7.0 cm, the average stone
size was 3.81 * 1.57 cm, and the average duration of the
disease was 4.82 * 3.11 years, with a range of 1.1-14.5
years.

Out of the 100 urine samples analyzed, Candida
species were detected in 47% of cases (47/100) based on
colony morphology on Sabouraud Dextrose Agar and
confirmed by Gram staining and Lactophenol Cotton
Blue staining (Fig. 1).

Fig. 1. Candida grows in Sabouraud’s dextrose agar.

According to growth characteristics and biochemi-
cal activity, four species of Candida were isolated, as
shown in Table 2.

Table 2

Growth characteristics and biochemical activity of Candida species isolated from the urine
of patients with urolithiasis

Sugar fermentation
. Germ tube Chlamydospores Q @ @ 2 &
Candida spp - yaosp 3 3 4 8 =]
formation formation 5 S = S =
a (] = © o
o =
C. albicans + + - + + " +
C. tropicalis - - ¥ " + + +
C.parapsilosis - - - + - - -
CKrusei - - - + - +/- -

Candida albicans was the most prevalent species (28 isolates, 59.5%), whereas Candida krusei was the least

frequent (3 isolates, 6.3%) (Fig. 2).

Il

C.Krusei
N s

C.parapsilosis

C. tropicalis

Species of Candida

C. albicans

I 11
I 25

10 15 25

Frequency

20 30

Fig. 2. Distribution of Candida spp. isolated from urine samples of patients with urolithiasis.
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Urine level of interleukins and complement components. Concentrations of selected interleukins in the research

groups are displayed in Table 3.

Table 3
Interleukin concentration in urine from healthy humans and Urolithiasis patients infected with UTI
Interleukins Patients (n =100) Controls (n =2 0) p-value
IL-6, pg/ml 19624 N5+37 0.009
IL-17, pg/ml 718 £16.34 225 + 641 <0.001
IL-22, pg/ml 93519 386+ 94 <0.001

As presented in Table 3, urinary levels of all studied
cytokines (IL-6, IL-17, and 1L-22) were significantly ponents C2 and C4 in patients with urolithiasis and
higher in patients with urolithiasis compared to healthy healthy controls are presented in Table 4.

controls (p < 0.001 for all markers).

Urinary concentrations of complement com-

Table 4
Urine complement concentrations from healthy humans and Urolithiasis patients infected with UTI
Complement (ng/ml) Patients (n =100) Controls (n = 20) p-value
€2, ng/ml 51.03 = 944 195.21+13.8 <0.001
C4, ng/ml 13812 + 15.06 149.82 + 11.93 0451

Patients with urolithiasis exhibited significantly
lower urinary C2 levels compared to healthy controls (p
< 0.001), suggesting possible consumption or impaired
production within the classical complement pathway.
No significant difference was observed in urinary C4
levels between the two groups (p = 0.451).

Discussion. Candida spp. were found in 47% of
UTI patients in this investigation, indicating a high
incidence of fungal involvement. Our findings con-
firm Altayyar et al. [18] and Ghaddar et al. [19]’s sig-
nificant Candida prevalence in UTI samples. This study
found that vaginal swabs isolated Candida better than
urine samples, similar to Sahal and Bilkay [20]. Moh-
sin and Ali [21] cultivated samples on SDA, a selective
medium that promotes fungal growth, and identified
isolates using macroscopic and microscopic methods.
SDA is still a standard medium in clinical mycol-
ogy due to its selectivity for Candida spp. and the use
of antimicrobials such as cycloheximide and chlor-
amphenicol to reduce bacterial contamination [22].
To confirm the morphological diagnosis, we stained
with Lactophenol Cotton Blue (LPCB). Potassium
hydroxide (KOH) treatment often produces Candi-
da-like hyphae, pseudohyphae, and budding yeast
cells [23-25]. The germ tube test distinguished Can-
dida albicans from other non-albicans species [26].
Musa et al. [27] examined urine samples from pregnant
women using Chromogenic Agar, an early Candida spe-
cies categorization method based on colony pigmen-
tation. Candida albicans (23.52%), krusei (17.66%),
dubliniensis (11.76%), tropicalis (5.68%), and glabrata
(41.18%) were discovered. Overall positivity was 8.67%.
These findings highlight the great variety of Candida
species and the significance of selective medium and mi-
croscopy for urinary tract Candida infection detection.

In this study, urolithiasis patients had greater levels
of IL-6, IL-17, and 1L-22, indicating an enhanced in-
flammatory and immunological response. This supports
Romani et al. [28], who showed that wild-type controls
were less vulnerable to systemic candidiasis than IL-
6-deficient animals [29]. IL-17, a host defense cyto-
kine, is mostly produced by T-helper 17 (Th17) cells
during Candida infections. IL-17 induces chemokines
to attract and activate macrophages and neutrophils,
improving Candida spp. phagocytic clearance [30].
IL-17 also induces the synthesis of strong antifungal
antimicrobial peptides, including defensins and cathe-
licidins [31]. Thus, IL-17 production or signaling is-
sues are commonly connected to long-term or systemic
Candida infections [32].

However, the association between IL-17 expres-
sion and neutrophil recruitment appears complex. Yano
et al. [33] showed no correlation between vaginal I1L-
17 levels and early neutrophil migration. Chemotactic
proteins from epithelial cells stimulate early neutrophil
recruitment after Candida albicans exposure, accord-
ing to studies. Interesting, neutrophil counts increased
steadily but IL-17 levels rose slowly throughout resolu-
tion. Increased immunological activity can worsen tis-
sues and symptoms in vulvovaginal candidiasis, which
is a critical clinical issue because neutrophil infiltration
is linked to symptoms [34]. In general, the ILs were ap-
plied in different medical fields [35-37], but IL-6, I1L-
17, and 1L-22 levels are considerably greater in uroli-
thiasis patients than in healthy controls, suggesting that
inflammatory cytokine activity may rise with severity.
An acute inflammation marker, IL-6, may be associat-
ed with more severe or symptomatic stone disease, oc-
casionally aggravated by infection [38]. Due to mucosal
injury, persistent inflammation, or fungal co-infection,
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Th17 cells release more IL-17 and IL-22, indicating
an active immune system. In addition to protecting lo-
cal tissues, these cytokines can aggravate tissue injury,
impede healing, and cause stones to recur or develop
chronic problems [39]. Thus, their growth may indi-
cate disease severity and prognosis in individuals with
infectious or immune-mediated urolithiasis. According
to our findings, patients had considerably lower urine
complement C2 levels than healthy controls. Heiden-
reich and Dierich [40] discovered that Candida albicans
did not change adherence to C2-coated erythrocytes.
Recurrent Candida infections were related to reduced
C2 levels, even if complement C4 levels were not sub-
stantially different between the control and patient
groups, according to Atallah et al. [41]. C4 concentra-
tions were greater in vulvovaginal candidiasis patients,
suggesting that C4 protects against fungal infection
[42]. C4 activity, which facilitates leukocyte migra-
tion to infection sites, may improve fungal infection
clearance. C2 and C4 perform distinct but potentially
complementary roles in the host’s Candida defenses.
This study’s low C2 levels suggest immunological dys-
regulation or stone-induced inflammation that con-
sumes complement components, reducing classical
complement pathway activation. This dysfunction
may impede the immunological response, causing re-
peated or severe clinical episodes, delayed inflamma-
tion resolution, or persistent urinary infections [43].
Even if C4 concentrations remained stable, comple-
ment activation imbalance may affect disease dura-
tion and progression. These findings show a link be-
tween complement dysfunction, notably reduced C2
activity, and disease severity in urolithiasis patients.
This research improves our understanding of Candida-
induced urolithiasis immune responses; however, there
are several limitations. The small sample size, especially
of the control group (n = 20), limits statistical power
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and generalizability. Lack of fungal burden quantifica-
tion and molecular identification methods like PCR
may have affected Candida detection sensitivity and
species distinction, which suggests employing the mo-
lecular techniques in detection, because they were ap-
plied in different medical areas [44-47]. Serum cyto-
kine and complement levels were not evaluated simul-
taneously, which would have helped explain local and
systemic immune responses. Uncontrolled variables
such as stone composition, comorbidities, and antibi-
otic treatment may have impacted infection susceptibil-
ity and immunological activity.

Conclusions. The present study demonstrates that
Candida albicans was the predominant species respon-
sible for Candida-associated UTIs in patients with uro-
lithiasis, confirming its leading role among Candida
species in this clinical setting. Candida-associated UTIs
in patients with urolithiasis are accompanied by a pro-
nounced local immune response and may worsen the
course of the underlying disease. Measurement of uri-
nary levels of IL-6, IL-17, IL-22, and C2 may be useful
as additional biomarkers of Candida infection and the
intensity of the inflammatory process. These markers
could potentially improve diagnosis and risk stratifica-
tion of complications in this patient population.
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Abstract. Successful maturation of arteriovenous fistulas (AVFs) remains a challenge for patients
with end-stage kidney disease, particularly in resource-limited settings. Handgrip resistance
training may enhance vascular hemodynamics and support AVF maturation. This prospective
uncontrolled case series evaluated the feasibility, safety, and vascular changes of a four-week
home-based handgrip program in patients with new AVFs.
Methods. Twenty-eight adults with recent radiocephalic AVF creation performed daily handgrip
training for four weeks (three sets of 10 contractions, 10 seconds each with 2-second rests;
~3—5 minutes/day). Adherence was tracked via logbooks and weekly WhatsApp submissions.
Feasibility outcomes included adherence, completion, safety, and patient acceptability.
Hemodynamic parameters (vein diameter, vein depth, and blood flow volume) were measured
using Doppler ultrasonography before and after the intervention.
Results. Of 28 participants, 23 (82.1%) completed the program with high adherence (>85%
sessions). No AVF-related adverse events occurred. Significant vascular changes were observed:
vein diameter increased from 3.1 = 0.4 mm to 5.5 + 0.6 mm (p < 0.001), vein depth decreased
from 2.5 £ 0.3mmto 2.1 = 0.4 mm (p = 0.002), and blood-flow volume increased from 180 *
S55mL/min to 565 = 110 mL/min (p < 0.001).
Conclusions. Home-based handgrip training with digital monitoring is feasible, safe, and
Received September 02, 2025  well accepted in patients with new AVFs. The observed vascular changes suggest this low-cost
Received in revised form intervention may support AVF maturation and is suitable for integration into dialysis care in
October 10, 2025  resource-limited settings.
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Myxammaz Csiiposi Xinaiist!, Moce Baxyiio!, Cisbsist Eetin Apitonanr!, Anai Andian 3aiinyinmin?,
Xepani Pacin3, xxaapacri Kycymanerapa, Ymap Yemand, Myxamman 3yasdamt Hypamiv?

IIpocnekTHBHA Ccepis KIiHIYHMX BUNAJKIB JOMAIIHLOI0 TPEHYBAHHS KUCTI
3 IUCTAHIIAHMM KOHTPOoJIeM Yepe3 WhatsApp y nanieHris
i3 HOBOCTBOPEHHUMH apPTepPioBeHO3HUMH (icTyIamMmu

'Vuisepcurer Xacanyinmina, kadenpa $hisudHoi Ta peabitiTaliiiHol MeIUIIMHMY,

Makacap, IliBnenne Cynaseci, IHmoHe3is

2YHiBepcuTeT XacaHyingiHa, kadeapa r(poOMancbKoro 310poB s,
Makacap, IliBnenne Cynaseci, IHmoHe3is

3VHiBepcuter XacaHyinaiHa, kadenpa BHYTPIlIHBOT MEIULIUHU,
Makacap, IliBnenne Cynaseci, IHmoHe3is

4VuiBepcurer XacaHyinaiHa, Kadeapa cepleBO-TOPaKaIbHOI Xipypril,

Makacap, IliBnenne Cynaseci, IHmoHe3is

Pestome. Veniwne dospisanns apmepiosenosnoi gicmyau (AB®@) 3asumaemocs ckaaOHum 3a60aHHAM y naAUi-
E€HMIB i3 MEPMIHANbHOIO CIMAIEr0 XPOHIYHOI X6OPOOU HUPOK, 0C00AUBO 8 YMo8ax obmedceHux pecypcig. TpenysauHs i3
CMUCKAHHS KUCMI 3 0NOPOM MOXce NOAInWUmy cyOurHy eeMoOuHamiKy ma cnpusmu dospieannio AB®D. Y yvomy npo-
CHEeKMUBHOMY HeKOHMPOAbOBAHOMY 00CAIONCeHHI cepii KaiHiuHUX eunadkie oyinoearu 30ilicHeHHicmb, Oe3neKy ma cy-
OUHHI 3MIHU NICAS HOMUPUMUICHEBOT Npoepamu 0OMAWHIX 6Npas i3 GUKOPUCMAHHAM CMUCKAHHA KUcmi Yy nayieumis i3
Hoeocmeoperumu ABD.

Memoou. llsadusms sicim dopocaux nauienmie i3 Heujodasno cghopmosaroio padioyeganiunoro ABD euxonysanu
WoO0eHHi 6npasu Ha CMUCKAHHS KUCMI NPOMS20M YOMUPbOX MmudicHie (mpu nioxodu no 10 ckopouenv mpueanricmro 10
CeKyHO i3 2-CeKyHOHUMU iHMep8anamu; 3a2aiom npubAu3Ho 3—5 xeuaun Ha deHs). Jlompumants npoepamu giocmency-
8au 3a 0ONOMO20t0 W00eHHUKIG [ wjomudicHesux 36imie uepez WhatsApp. OcHoenumu kpumepisamu 30ilichenHocmi 6yau
dompumanHs, 3ae6epuieHHs npoepamu, besnexa ma npuliHamHicmes 05 nayienmie. lemodunamiuni napamempu (diamemp
i enubuHa 6eHu, 00 €M KPOBOMOKY) BUMIPIOBANU 3a OONOMO20I0 OONAEPIBCHK020 YAbMPA3BYK08020 00CAI0NCEHHS 00 ma
nicas inmepeenuyii.

Pezyavmamu. 13 28 yuacnuxkie 23 (82, 1%) 3aéepuiunu npoepamy 3 8UCOKUM pieHem dompumarHs (>85% 3ansmo).
Yexnaouenns, nog’szanux 3 ABD, ne suseneno. Bioznaueno snavywyi 3minu cyOuHHux napamempis: diamemp eenu 30i1b-
wuecs 3 3,1 = 0,4 mm do 5,5 £ 0,6 um (p < 0,001), eaubuna éenu 3menwusacs 3 2,5+ 0,3 mm do 2,1 = 0,4 mm (p =
0,002), a 06’em kposomoky 3pic i3 180 £ 55 ma/xe do 565 = 110 ma/xe (p < 0,001).

Bucnosku. Jlomawns npoepama énpaé Ha CMUCKAHHA KUCMI 3 OUCMAHYIUHUM KOHMpPOAeM Yepe3 yugpposi naam-
hopmu e 30iticherHoro, be3neuHoro ma dobpe cnpuiimacmocs navienmamu 3 Hosocmeopenumu ABD. Ompumani cyounni
3MIHU cgiduamy, wo ye Hedopoee 6Mpy1anHs Modice cnpusmu do3pieantio ABD i modce Oymu inmeepogare y NpaKmuxy
dianiznoeo 00ens0y 6 ymosax o0MelceHux pecypcie.

KirouoBi ciioBa: apmepiosenosna gicmyna, eemodiani, Aikyeanvha QizKyavmypa, cuiogi mpeHy8aHHs, 2emoou-
Hamika.

Introduction. Chronic kidney disease (CKD) re-
mains a major global health burden, with a prevalence
estimated at 18.4% between 2005 and 2015 [1]. The
number of people with end-stage kidney disease is es-
timated to reach more than 2 million by 2030 [2] there
were 406,081 patients who received treatment for end-
stage renal disease (ESRD). Hemodialysis is the pri-
mary treatment option for ESKD. The adequacy of this
treatment is greatly influenced by adequate vascular ac-
cess [3]peritoneal dialysis (PD).

Muhammad Syairozi Hidayat
syairozihidayat25@gmail.com

Compared to other options, Arteriovenous Fis-
tulas (AVF) are more commonly chosen because they
have a low complication rate, good long-term patency,
and a low mortality rate [4]. However, previous studies
have reported that AVFs take 6-12 weeks to mature and
have a failure rate of 20-50%, especially in patients with
small vein diameters and other comorbidities such as
diabetes mellitus [5]. Failure to mature will delay dialy-
sis initiation, reduce adequacy, and increase morbidity
and mortality [6].

Exercise has been recognized as a non-invasive
intervention that can stimulate vascular remodeling
[7]. Muscle contractions increase blood flow and shear
stress on the endothelium, promoting vasodilation and
vessel enlargement. Previous studies demonstrate that
forearm resistance exercises, especially with handgrip
devices, can improve vein diameter, blood flow, and
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ultimately AVF maturation [8, 9]. Nonetheless, exer-
cise protocols vary widely in intensity, frequency, and
supervision. More importantly, little attention has been
given to whether patients can consistently and safely
follow such training outside of hospital settings.

In many low- and middle-income countries, in-
cluding Indonesia, the practical barriers of repeated
hospital visits, limited rehabilitation staff, and patients’
socioeconomic constraints make home-based exer-
cise programs an appealing alternative. Digital plat-
forms such as WhatsApp have been increasingly used
in chronic disease management to support adherence,
provide reminders, and enable remote monitoring [10].
However, the feasibility and patient acceptability of this
model in the specific context of AVF rehabilitation re-
main underexplored.

Therefore, the study aimed to evaluate the feasi-
bility, adherence, safety, and hemodynamic changes
of a structured, home-based handgrip resistance train-
ing program in patients with newly created AVFs, us-
ing WhatsApp for remote monitoring. By focusing on
implementation outcomes, this study complements
previous efficacy trials and provides practical insights
into how exercise can be integrated into routine care for
dialysis patients.

Materials and methods. This was a prospective
uncontrolled case series designed to evaluate feasibil-
ity and vascular changes rather than establish causality.
This study was conducted from September to October
2024 at Universitas Hasanuddin Teaching Hospital
and Wahidin Sudirohusodo General Hospital, Makas-
sar, Indonesia, with ethical approval from the Faculty
of Medicine, Universitas Hasanuddin. Ethics approval
was obtained (UH24010038, 14 April 2025). Written
informed consent was obtained from all participants.
The sample size of 28 participants was determined
pragmatically, based on the expected number of eligible
patients who underwent new AVF creation during the
two-month recruitment period. This approach is con-
sistent with feasibility-study methodology, which prior-
itizes evaluating process outcomes (adherence, safety,
acceptability) over formal power calculations.

Adults aged >18 years with end-stage kidney dis-
ease (ESKD) undergoing their first radiocephalic AVF
surgery, BMI <30 kg/m?2, and complete clinical records
were eligible. Patients with neuromuscular or ortho-
pedic disorders of the upper limb, or those unable to
perform handgrip training, were excluded. Participants
were withdrawn if they trained fewer than five days
per week, developed AVF complications, experienced
health deterioration, or withdrew consent.

After in-clinic instruction, patients performed
daily handgrip resistance training at home for four
weeks. Each session: 3 sets x 10 contractions at toler-
able intensity (~20—50% MVIC), 10-second hold with
2-second rest, ~3—5 minutes/day. MVIC was measured
with a handgrip dynamometer. Adherence was moni-
tored through daily logbooks and weekly WhatsApp
submissions (videos and logbook photos). WhatsApp

was also used for reminders, feedback, and reporting
of problems. Each participant submitted weekly photos
or short videos demonstrating their handgrip sessions
through WhatsApp. Investigators reviewed these mate-
rials to verify compliance and provided short text-based
feedback, encouragement, and reminders. All shared
files were stored on password-protected institutional
devices accessible only to the research team. To pro-
tect privacy, participants were instructed not to include
identifiable personal data in their messages, and all
communications followed institutional data-protection
protocols.

The primary outcomes were feasibility and adher-
ence, defined as the percentage of prescribed sessions
completed, with >85% considered high adherence.
Adherence (%) was calculated as the number of com-
pleted sessions divided by the total prescribed sessions
x 100. Patients recorded daily sessions in personal log-
books, which were verified weekly through WhatsApp
submissions containing photos or short videos. While
this hybrid method improved monitoring feasibility,
self-reported data may still introduce reporting bias,
which was considered during interpretation. Additional
feasibility measures included completion and dropout
rates, reasons for discontinuation, safety (AVF-related
or musculoskeletal complications), and patient accept-
ability based on logbook entries and WhatsApp feed-
back. Secondary outcomes were hemodynamic param-
eters of AVF maturation, including cephalic vein diam-
eter (mm), vein depth (mm), and blood flow volume
(mL/min), which were assessed using Doppler ultraso-
nography before and after the four-week intervention
by a blinded radiologist. Clinical maturation was de-
fined according to commonly accepted vascular access
criteria as achieving a cephalic vein diameter > 6 mm,
blood flow volume > 600 mL/min, and vein depth <
6 mm, indicating readiness for successful cannulation
for hemodialysis [11].

Statistical analysis. Descriptive statistics sum-
marized adherence, safety, and feasibility outcomes.
Continuous variables were expressed as mean * stan-
dard deviation (SD) or median (range), and categorical
variables as frequencies and percentages. Data distribu-
tion was examined using the Shapiro—Wilk test to as-
sess normality before analysis. Pre—post changes were
tested using paired t-tests for normally distributed data
or Wilcoxon signed-rank tests for non-normal data.
Analyses were conducted using IBM SPSS version 22.0
(IBM Corp., Armonk, NY, USA).

Results. A total of 34 patients were screened for
eligibility, of whom 6 were excluded for not meeting
the inclusion criteria. Twenty-eight patients with end-
stage kidney disease and newly created radiocephalic
AVFs were enrolled. Of these, 23 (82.1%) completed
the 4-week program, while 5 (17.9%) withdrew due to
health deterioration (n = 2), low training frequency
(n = 2), or loss to follow-up (n = 1). The participant
flow is shown in Figure 1.
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'
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!

Completed 4-week program (n=23, 82%)

!

Dropouts (n=5, 18%)

|

Reasons :

- Low Frequency (n=2)
- Health deterioration (n=2)
- -Losttofollowup (n=1)

Fig. 1. The study flow chart.

Baseline demographic and clinical characteristics
are shown in Table 1.

Of the 28 patients, 23 (82.1%) successfully com-
pleted the intervention, and 23 (82.1%) achieved ad-

Table 1 herence >85% of prescribed sessions. No AVF-related
Baseline characteristics of the study participants gdverse events were'recorded, angl minor transient fa-
(n=28) tigue was reported in a few participants but resolved
n spontaneously. Clinical maturation was achieved in 23
Variable Value patients (82.1%).
A (medi ] 53 [19-67) Patient feedback is presented in Table 3.
ge, years (median, range -
Male sex, n (%) 15 (53.6%) Table 3
BM, ka/m2 (mean=SD) 239225 Patient acceptability feedback
Type 2 Diabetes, n(%) 23 (821%) Feedback Positive Responses,
MVIC, kg (mean=SD) 133+ 24 n (%)
Data are presented as mean * SD, median (range), Convenience of daily training 22 (78.6%)
or frequency (%).
The median age of participants was 53 years (range Comfort with WhatsApp 23 (821%)
19—67), 53.6% were male, and the mean BMI was 23.9
+ 2.5 kg/m?2. Most patients (82.1%) had type 2 diabetes Loghook use 18 (64.3%)
mellitus, and the mean MVIC was 13.3 + 2.4 kg. ]
Tabl;);'erall feasibility outcomes are summarized in Perceived Benefit 21 75,04

Table 2
Feasibility outcomes (n=28)

Outcome Value
Completed program, n(%) 23 (821%)
Dropouts, n (%) 5 (179%)
Adherence 285%, n (%) 23 (821%)
AVF-related adverse event 0
Clinical maturation, n (%) 23 (821%)

Most participants (78.6%) reported that daily
training was convenient and easy to integrate into their
routine, while 82.1% found WhatsApp monitoring mo-
tivating and helpful. The majority (64.3%) considered
the logbook simple to use, although some described it as
tedious. Overall, 75% of patients perceived direct ben-
efits from training, such as improved arm strength and
greater confidence in fistula use.

Hemodynamic outcomes are shown in Table 4.
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Table 4
Pre-post hemodynamic outcome (n=28)
Variable Pre (M £ SD) Post (M  SD) A (M = SD) p-value
Vein Diameter (mm) 3104 55+ 06 +24+05 <0.001"
Vein Depth (mm) 25+03 21+ 04 -04+02 0.002*
Blood Flow Volume [mL/min) 180 £ 55 565 110 +385+ 95 <0.007*

Pre- and post-training hemodynamic parameters measured by Doppler ultrasonography. Values compared using paired t-test or
Wilcoxon signed-rank test as appropriate. *p < 0.05 considered significant.

Aspresented in Table 4, significant changes were ob-
served after 4 weeks of training: vein diameter increased
from3.1£04mmto55+0.6 mm(A=+24%0.5mm,
p <0.001), vein depth decreased from 2.5 = 0.3 mm to
2.1+0.4mm(A=-0.4%0.2mm, p=0.002), and blood
flow volume increased from 180 + 55 mL/min to 565 +
110 mL/min (A = +385 £ 95 mL/min, p < 0.001).

Discussion. As a single-group prospective uncon-
trolled case series, the findings should be interpreted as
observational and descriptive rather than causal. The
study was intended to assess the feasibility and physio-
logical changes associated with handgrip training, not to
confirm the intervention’s efficacy. The findings dem-
onstrate that such an intervention is both practical and
acceptable, with over 80% of participants completing
the program and only a small proportion withdrawing.
The five withdrawals (two due to health deterioration,
two due to low training frequency, and one due to loss
to follow-up) reflect challenges commonly encountered
in this patient population rather than exercise-related
safety issues. Importantly, no fistula-related adverse
events occurred, and significant hemodynamic changes
were observed after 4 weeks of training.

We observed an overall completion rate of 82%,
with the majority of the patients achieving >85% adher-
ence. These findings are comparable with previous stud-
ies evaluating exercise interventions in dialysis patients,
where adherence rates ranged between 70% and 90%
[8, 9]. Kong et al. demonstrated that regular handgrip
training could enhance cephalic vein diameter and blood
flow, though their study did not report adherence data
[9]. Similarly, Poetra et al. found improvements in vas-
cular parameters following exercise but did not assess
patient compliance [8]. Our study, therefore, adds new
evidence that such programs are not only feasible in real-
world settings but also capable of inducing meaningful
hemodynamic changes associated with AVF maturation.

No fistula-related adverse events were reported. Mi-
nor fatigue was the only complaint, which resolved spon-
taneously. These results are in line with prior studies sug-
gesting that handgrip exercise is a safe modality for pa-
tients with end-stage kidney disease (ESKD) [6]. Chen
et al. recently confirmed that both low- and moderate-
intensity exercise improved vascular outcomes without
complications [12]an advanced program (group B. The
absence of adverse events in our study, combined with
significant increases in vein diameter and blood flow,
highlights that handgrip training was associated with fa-
vorable vascular changes without compromising safety.

A unique feature of this study was the use of What-
sApp for remote adherence monitoring. More than
80% of patients rated this approach as convenient and
motivating. The combination of video submissions,
logbooks, and real-time feedback allowed patients
to feel supported while reducing the need for hos-
pital visits. This aligns with broader evidence on the
role of digital health in chronic disease management.
For example, Ftouni et al. showed that telemedicine
platforms such as WhatsApp has been shown to facili-
tated communication and improved adherence during
the COVID-19 pandemic [10], while Dawson et al.
demonstrated the feasibility of mobile health tools to
promote physical activity in adults [13]but adherence
has been poor. Newer mobile health (mHealth. To
our knowledge, this is one of the first applications of
WhatsApp-based monitoring for AVF rehabilitation
in dialysis patients.

Our findings have several implications for clinical
practice. First, handgrip training can be implemented
safely at home, reducing the need for supervised in-
hospital exercise programs, which are resource-inten-
sive. Second, the significant hemodynamic changes ob-
served suggest that even simple, low-burden daily train-
ing may support vascular remodeling and may benefit
patients. Finally, the integration of digital platforms
such as WhatsApp offers a low-cost, scalable solution
for supporting adherence, which in turn facilitates the
hemodynamic changes observed, particularly in low-
and middle-income countries where dialysis services
are often under-resourced.

This study has several limitations. The small sam-
ple size limits generalizability and statistical power. The
intervention duration was short (four weeks), which re-
stricts interpretation of long-term vascular and clinical
outcomes such as AVF patency and dialysis adequacy.
Adherence data relied partly on self-reports, which may
introduce reporting bias despite digital verification. In
addition, potential selection bias should be acknowl-
edged, as patients capable of using smartphones and
participating in WhatsApp monitoring may differ in mo-
tivation or socioeconomic status from those who could
not participate. As a single-group case series, the findings
should be interpreted descriptively and not as evidence of
causality.

Future research should focus on larger multicenter
trials with longer follow-up to assess the sustainability
of adherence and long-term AVF outcomes. Integra-
tion of mobile health platforms into standard dialysis
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care should also be explored, including cost-effective-
ness analyses and measurement of patient-reported
outcomes such as quality of life and satisfaction.

Conclusions. This prospective case series shows
that home-based handgrip training is feasible, safe, and
well accepted in patients with new AVFs, with high ad-
herence and no complications. The observed hemody-
namic changes suggest that this simple, digitally sup-
ported program may help AVF maturation and could
be integrated into routine dialysis care, particularly in
resource-limited settings. Future studies with larger co-
horts and longer follow-up are needed to confirm these
results and determine the impact of such programs on
long-term fistula patency, dialysis adequacy, and pa-
tient quality of life.
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Abstract. Escherichia coli is the predominant pathogen in pediatric urinary tract infections (UTIs),
yet increasing antimicrobial resistance, virulence gene carriage, and biofilm formation complicate
therapeutic success. Probiotic-derived metabolites represent a potential complementary strategy
to mitigate persistence of multidrug-resistant (MDR) uropathogens; however, data in pediatric
UTIs remain scarce. To determine the antimicrobial resistance pattern, biofilm-forming ability,
and virulence gene prevalence among E. coli isolates from pediatric UTIs, and to evaluate the
antibacterial and antibiofilm activities of cell-free supernatants (CFS) of Lactobacillus plantarum
and Lactobacillus reuteri.

Methods. One hundred urine samples from children aged 1 month to 10 years were analyzed.
Bacterial identification was performed using culture, biochemical profiling, and VITEK. Antibiotic
susceptibility was tested using the Kirby— Bauer method. Biofilm formation was quantified via crystal
violet assay, and the fimH and ompT genes were detected by PCR. Antibacterial and antibiofilm
activities of probiotic CES were assessed using agar well diffusion and microtiter inhibition assays.
Statistical analysis included y? testing with significance at p < 0.05.

Results. Sixty culture samples had E. coli (60%). E. coli 0157:H7 isolates comprised 11.7% (p <
0.001). High resistance rates were seen for nalidixic acid (88.6%), ceftazidime (86.6%), cefepime
(76.6%), cefotaxime (70%), and aztreonam (73.3%). 55% of isolates had XDR traits and 45% had
MDR traits (p > 0.05). All MDR isolates had fimH and ompT virulence genes, with 59% forming
moderate biofilms (p < 0.05). Antibacterial activity of probiotic CFS was concentration-dependent,
with maximum inhibition zones at 75 and 100 ug/mL. L. reuteri inhibited E. coli O157:H7 more
than L. plantarum (p < 0.05), although L. plantarum had stronger antibiofilm effects against robust
biofilm-forming isolates (p < 0.05).

Conclusions. Uropathogenic E. coli provides a treatment challenge because to its multidrug-resistant
and extensively drug-resistant phenotypes, biofilm formation, and universal carriage of fimH and
ompT in pediatric UTI isolates. Probiotic metabolites, especially L. reuteri against E. coli 0157:H7
and L. plantarum against biofilm-producing E. coli, exhibit high antibacterial and antibiofilm
activities and can improve treatment outcomes and reduce recurrence in multidrug-resistant
pediatric UTIs.

Keywords: Escherichia coli, urinary tract infection, biofilm, Lactobacillus reuteri, Lactobacillus
plantarum, fimH, ompT.
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IIpoGioTuune inrioyBannsa yponarorenuux Escherichia coliy nireii 3
iH(heK1issMH ce4oBOI cHCTEeMH: AHTHOIOITIBKOBI Ta aHTUMIKPOOHi eheKkTH
Lactobacillus reuteri ta Lactobacillus plantarum

IKadenpa 6iosorii, hakynsTeT IPpUPOIHUYUX HayK, Jisiabcpkuii yHiBepeurert, Jisiia, Ipak
2Kadenpa MeIUUHUX JJA00PATOPHUX TeXHOIIOTIH, KoseaK MenuuHMX i 0300poBYMX TexHoJIorii, barnan,
CepenHiit TexHiyHMi yHiBepcuTeT, barman, Ipak
3Kadenpa 6iosorii, hakyasTeT MpUpOLHUUMX HayK, KupKykcbKkuit yHiBepenTeT, Kupkyk, Ipak
4Kadenpa 6iosorii, (hakyJabTeT IPUPOIHUYKX HAYK, YHiBepcuteT MycraHcipist, barnan, Ipak

Pestome. Escherichia coli € npogionum 30yonurom ingpexuiii ceuosoi cucmemu (ICC), 00Hak 3pocmanHs aHmumi-
KPOOHOI pe3ucmeHmHOCMI, HASI8HICMb 2eHi8 8ipyAeHMHOCII Ma OpMYBaHHS OIONNIBOK YCKAAOHIOIMb YCHIUHICMb AIKY-
eanns. Memaboaimu, ompumaHi 3 npobiomukie, po3easa0aromscs Ak NOMeHYiliHa 000amKo8a cmpameeis 045 3MeHULeHHS!
nepcucmenyii myavmupezucmernmuux (MDR) yponamoeenie; npome dani wjodo 1CC y dimeil 3aaruuiaromscs 00Mmed ceHu -
mu. Memoro pobomu 0yn0 uznauumu npoginb aHMUMIKpoOHOI pe3ucmenmuocmi, 30amuicmo 0o hopmyeanHs 6ionaieox
ma nowupericmo 2enie gipysenmuocmi ceped izonamis E. coli id dimeii 3 ICC, a makoosic oyinumu anmubaxmepiaivhy
il anmuobionaieko8y akmuanicms be3xaimunHux cynepuamanumie (CFS) Lactobacillus plantarum i Lactobacillus reuteri.

Memoou. Ilpoananizoeano 100 3paskie ceui id dimeii gikom 6id 1 micausa do 10 pokie. l0enmudpixauiro bakme-
DIl BUKOHY8AAU 30 OONOMO20I0 KYAbMYPAAbHOZ 00CAIONCeHHs, bioximiunoeo npoghintoeanns ma VITEK. Aumubiomuko-
yymaueicmo guznauanu memodom Kipbi-Bayepa. Popmysarnns 0ionniok KinbKiCHO OUIHIOBAAU 3a OONOMO0I0 Mecmy 3
KpucmaniyHum gionemogum, a eeru fimH ma omp T eusneasinu memodom ILJIP. Aumubakmepiarvy ma aHmubionniexogy
axkmuernicmwv npodiomuunux CFS ouintoearu memodom oughysii ¢ aeapi ma mecmamu iHeiOY8aAHHA Y MIKPONAGHUIEMAX.
Cmamucmuvnuii ananiz 6xaouas y’>-mecm iz pienem suauyuwocmi p < 0.05.

Pesyavmamu. Kyavmypaavro nosumusnumu 6yau 60 3paskie (60%) ceui, yci idenmugpixosani sx E. coli. E. coli
0157:H7 cmanosuna 11,7 % izonamie (p < 0.001). Bucoka pezucmenmuicmo gid3Hauena 00 HaAioukcosoi Kuciomu
(88,6%), uegpmazudumy (86,6%), uegpenimy (76,6%), uepomarcumy (70%) ma azmpeonamy (73,3%). Pernomunu
MDR ma XDR eusieneni y 45% ma 55% izonamie eionogiono (p > 0.05). Ilepesasicano nomipue gopmysanus 0ionnieok
(59%; p < 0.05), a eenu gipyaenmuocmi fimH i ompT 6yau npucymnui y 100% MDR-izonamis. IIpobiomuuni CFS npo-
ABUAU KOHUEHMPAYILIHO 3ANeIHCHY AHMUOAKMEPIANbHY AKMUBHICMY, 3 MAKCUMAAbHUMU 30HAMU iHeiOyeanHsa 3a 751 100
ug/mkL. L. reuteri npodemoncmpyeana 3nauHo cunvHiuly ineioiyiro E. coli O157:H7 nopieusino 3 L. plantarum (p < 0.05),
modi sk L. plantarum euseunia 3Ha4Ho NOmydicHiuWuUil aHmubionaiexosuil echexm npomu 6ioNAIBKOYMBOPIOIOHUX [3049Mi6
E. coli (p < 0.05).

Bucnosxu. I3oaamu E. coli y dimeit 3 ICC xapaxmepusyromscsa noeonannim MDR/XDR-genomunie, 30am-
Hicmto do ymeopenHs Oionaieok i yHieepcanvHoto HaseHicmio fimH ma ompT, wo nidkpecaioe ckaaduicmo AiKy8aHHS
yponamoeennux E. coli. Bupaxceni anmubaxmepianvHi ma anmuobionaiekosi earacmugocmi memaodoaimie npodiomukis,
3oxpema L. reuteri npomu E. coli O157:H7 ma L. plantarum npomu 6ionaiekoymeoprorouux izonamie E. coli, niomeep-
dorcyroms ix nomenyian K 00NOMINCHUX 3AC00i6 0451 NOKPAWEHHS Pe3yAbmamie AiKY8AHHSA ma 3HUMNCEHHS Peyuousie
MDR-acouitiosanux nediampuunux ICC.

Kmouosi cioBa: Escherichia coli, 0157:H7, dimu, ingexuyia cewoeoi cucmemu, 6ionaigka, aHmubiomuxopesuc-
menumuicms, Lactobacillus plantarum, Lactobacillus reuteri, npobiomuxu, fimH, ompT.

Introduction. One major public health concern
around the world is the prevalence of urinary tract
infections (UTIs), which are a leading cause of bac-
terial infections in children [1, 2]. Clinically relevant
are their long-term effects, such as pyelonephritis,
renal scarring, hypertension, and chronic kidney dis-

Tahreer Hadi Saleh
dr.tahreer80@uomustansiriyah.edu.iq

ease in old age, and high recurrence rate. Recent epi-
demiological studies show that UTlIs are exceedingly
widespread across all age groups internationally, yet
diagnostic uncertainty and postponed treatment keep
them a burden for healthcare systems [1, 3]. Special
consideration must be given to pediatric UTIs due to
the substantial correlation between infections in early
life and kidney morbidity [2, 4]. About three quarters
to three quarters of all UTIs in children are caused
by uropathogenic E. coli (UPEC), which has strong
pathogenic mechanisms such immune-evasive outer
membrane proteases and fibrial adherence to uroepi-
thelial cells [5]. Persistent and recurring infections
caused by UPEC can be attributed to certain virulence
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markers, including as fimH and ompT, which facili-
tate robust epithelial binding and resistance to host de-
fenses [6, 7]. The fact that E. coli O157:H7 has been
linked to serious urinary tract infections and systemic
problems in kids is another cause for worry [8, 9].

UTTI care is more complicated due to antibiotic
resistance. MDR and XDR pediatric UPEC strains
are becoming more common, restricting treatment
options and weakening empirical therapy [10, 11].
There is a critical clinical need for complementary
or alternative therapy approaches since antibiotic
overuse leads to dysbiosis and raises the likelihood
of recurring UTIs [12]. The development of biofilms
affects both the persistence of UPEC and the thera-
peutic failure. Recurrence can occur even when a pa-
tient appears to be responding well clinically, because
bacteria embedded in biofilms are far more resistant
to medications [13, 14]. Therefore, to protect kidney
health and reduce the chance of recurrence, it may
be prudent to employ treatments that restrict bacte-
rial growth and biofilm development. An appealing
alternative to antibiotics for treating UT]Is, probiotics
compete with pathogens for epithelial adhesion sites,
produce antimicrobial metabolites, suppress biofilms,
and enhance mucosal immunity [15, 16]. Evidence
suggests that certain Lactobacillus species may reduce
UTI recurrence and act synergistically with conven-
tional therapy [17, 18]. However, the inhibitory abil-
ity of locally isolated probiotic strains against pedi-
atric UPEC, particularly MDR isolates and E. coli
O157:H7, remains inadequately explored, and few
studies have evaluated the interaction between probi-
otic metabolites and bacterial virulence determinants
such as fimH and ompT [19].

The present study investigates the antibacterial
and antibiofilm effects of two locally isolated probiot-
ics, Lactobacillus reuteri and Lactobacillus plantarum,
against clinical UPEC strains obtained from pediatric
patients with UTIs, including E. coli O157:H7. The
study also evaluates the prevalence of the fimH and
ompT virulence genes and examines their association
with probiotic susceptibility.

Materials and methods. Study design and sample
collection. A cross-sectional laboratory investigation
was conducted between March and August 2024. Ethi-
cal approval was obtained from the College of Science,
University of Diyala (Approval No. 2024AEBT143).
Parental or legal guardian informed consent was ob-
tained prior to sample collection. Patient confidential-
ity was maintained by anonymizing data throughout the
study.

Pediatric patients at Baqubah Teaching Hospital
and Al-Batool Teaching Hospital in Diyala Province,
Iraq, were clinically diagnosed with UTIs. The pa-
tients ranged in age from one month to ten years old,
and 100 urine samples were obtained from them. For
children who have completed potty training, we used
mid-stream clean-catch urine, whereas for babies and
toddlers, we used sterile pee bags as needed. In less

than an hour after collection, every single sample had
made its way to the microbiological lab for analysis.

Bacterial isolation and identification. Urine sam-
ples were streaked on MacConkey agar for the primary
isolation of Gram-negative bacteria. Suspected Esch-
erichia coli colonies were purified and sub-cultured on
Sorbitol MacConkey agar (SMAC) supplemented with
cefixime (50 pug/L) and potassium tellurite (2.5 mg/L)
for selective isolation of E. coli O157:H7. Plates were
incubated aerobically at 42 °C for 24 hours as previously
described by Bedada et al. [20].

Biochemical identification was performed using
standard diagnostic tests, including oxidase, catalase,
indole production, methyl red, Voges—Proskauer,
citrate utilization, urease, sugar fermentation, motil-
ity, and decarboxylation of ornithine and lysine [21].
Hemolysis type was assessed on 5% sheep blood agar
following 24 hours of incubation at 37 °C. Final con-
firmation was achieved using the VITEK Compact 2
System.

Biofilm formation detection. Biofilm formation abil-
ity of E. coli isolates was assessed using the qualitative
tube method. Briefly, isolates were cultured in tryptic
soy broth supplemented with 1% glucose and incubated
at 37 °C for 24 hours. Tubes were washed with distilled
water, air-dried, stained with 0.5% crystal violet for
10—15 minutes, rinsed, and allowed to dry. A visible
violet layer on the inner wall indicated positive biofilm
formation [13].

Antibiotic susceptibility testing. Antimicrobial sus-
ceptibility was determined for 60 E. coli isolates using
the Kirby-Bauer disk diffusion technique on Muel-
ler-Hinton agar, following Clinical and Laboratory
Standards Institute (CLSI) guidelines. Sixteen com-
mercial antibiotic disks (Himedia, India) were tested:
meropenem (10 pg), piperacillin (100 pg), cefotaxime
(30 pg), levofloxacin (5 ng), ceftazidime (30 pg), na-
lidixic acid (30 pg), ciprofloxacin (5 pug), cefoxitin (30
ug), imipenem (10 pg), cefepime (30 pg), tetracycline
(30 pg), chloramphenicol (30 pg), augmentin (30 pg),
aztreonam (30 pg), piperacillin—tazobactam (30 pg),
and ceftriaxone (30 pg). After 24 hours of incubation
at 37 °C, inhibition zone diameters were measured
and interpreted in accordance with CLSI standards
[22, 23].

Molecular detection of virulence genes. DNA ex-
traction. Genomic DNA was extracted using the Wiz-
ard Genomic DNA Purification Kit (Promega, USA)
following the manufacturer’s instructions. DNA pu-
rity and concentration were checked using a Nanodrop
spectrophotometer and stored at —20 °C.

PCR amplification of fimH and omp T. Conventional
PCR was performed to detect fimH and ompT genes
using gene-specific primers obtained from Macrogen.
Primer sequences, annealing temperatures, and expect-
ed product sizes are shown in Table 1.
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Table 1
Primer sequences, annealing temperatures, and expected PCR product sizes used
to detect fimH and ompT genes in E. coli isolates
Primer Annealing Product
Name Sequence Temp. (°C) size (bp) Reference
ompI-F 5-ATCTAGCCGAAGAAGGAGGC-3' 60 559 23]
ompT-R 5-CCCGGGTCATAGTGTTCATC-&
fimH-F 5-AACAGCGATGATTTCCAGTTTGTGTG-3' 60 465 [24]
fimH-R 5-TTGCGTACCAGCATTAGCAATGTCC-3'

Reactions were prepared in 20 pL volumes con-
taining 3 pL DNA template and 17 pL of primer work-
ing solution on ice. PCR cycling was performed accord-
ing to standardized thermal profiles for each primer set
[24, 25].

Gel electrophoresis. PCR products were separated
on 1.5% agarose gel in 1x TBE buffer. Gels were stained
with ethidium bromide, run at 5 V/cm? for 55 minutes,
and visualized under UV transillumination. A 100 bp
DNA ladder served as a size marker.

Source and preparation of probiotic isolates. Locally
isolated Lactobacillus reuteri and Lactobacillus plan-
tarum strains were obtained from the Department of
Agriculture, University of Salah Al-Din. Identification
was confirmed by colony morphology, Gram staining,
catalase/oxidase testing, carbohydrate fermentation,
growth at 15 °C and 45 °C, and tolerance to bile salts
and acidic pH [26].

Antibacterial activity of probiotic cell-free superna-
tants. Antimicrobial activity was evaluated using the
agar well diffusion assay. E. coli and E. coli O157:H7
lawn cultures (105—107 CFU/mL) were prepared on
Mueller-Hinton agar. Cell-free supernatants (CFS)
were obtained by centrifuging probiotic cultures at
6000xg for 15 minutes and filtering through 0.22 pm
membranes. Wells (5 mm) were filled with 100 pL of
CFS and plates were pre-cooled for 2 hours before in-
cubation at 37 °C for 24 hours. Inhibition zones were
measured in millimeters [27].

Antibiofilm activity of probiotic cell-free superna-
tants. Antibiofilm activity was assessed using a modi-
fied crystal violet microtiter assay [28]. After co-in-
cubation of bacterial suspensions with 100 uL. CFS in
96-well plates for 24 hours at 37 °C, wells were washed
with sterile water, fixed with methanol, stained with
0.1% crystal violet, and eluted with ethanol. Absor-
bance was determined at 570 nm using an ELISA
reader. Percentage biofilm inhibition was calculated
relative to untreated controls. All experiments were
performed in triplicate.

Statistical analysis. Clinical and demographic
data were reported as percentages and frequencies.
The Pearson Chi-square test was used to compare

groups. P-values below 0.05 indicated statistical sig-
nificance. We ran statistical studies in SPSS 22.0 and
Excel 2013.

Results. One hundred samples were taken, with 65
from women and 35 from men. Patients reported 62%
fever, 71% flank pain, and 58% dysuria. 35% had cysti-
tis, 68% had pyelonephritis.

Culture characteristics and distribution of E. coli iso-
lates. Sixty percent of the urine samples showed bac-
terial development, while forty percent did not. Each
culture-positive sample was positively identified as be-
longing to E. coli by morphology of the colonies, mi-
croscopic evaluation, biochemical testing, and VITEK
confirmation. The percentage of E. coli positivity was
lower in males (54.28%) compared to females (61.07%)
(p < 0.05). Using Sorbitol MacConkey agar, seven out
of sixty E. coli isolates (11.66% of the total) were deter-
mined to be O157:H7 strains, while fifty-three (88.34%)
were determined to be non-O157 strains (p < 0.001).
Isolation rates of E. coli were highest in children ages
1-2 (30%), then in those aged 3-4 (18.33%), and finally
in those aged 9-10 (18.33%). The lowest proportions
occurred in infants <1 year (11.66%) and children aged
7—8 years (8.33%), with statistically significant differ-
ences across age groups (p < 0.01).

Antimicrobial resistance profile. Antibiotic sus-
ceptibility testing demonstrated widespread resistance
among the 60 isolates (Fig. 1).

The highest resistance rates were observed for na-
lidixic acid (88.6%), ceftazidime (86.6%), cefepime
(76.6%), aztreonam (73.3%), and cefotaxime (70%).
Carbapenem resistance was recorded in 20% of isolates
for meropenem and 30% for imipenem. Based on re-
sistance phenotypes, 27 isolates (45%) were classified
as multidrug-resistant (MDR) and 33 isolates (55%) as
extensively drug-resistant (XDR), with no significant
difference between groups (p > 0.05).

Biofilm formation capacity. Most isolates formed
moderate biofilm (59%), followed by strong (22%) and
weak (19%) biofilm production categories (p < 0.05)
(Fig. 2). Six strong biofilm-producing isolates were se-
lected for subsequent antibiofilm testing.
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Fig. 2. Biofilm formation capacity of E. coli isolates.

Detection of fimH and ompT genes. Multiplex PCR
analysis of the 27 MDR E. coli isolates demonstrated
that both fimH (465 bp) and ompT (559 bp) genes were
present in all isolates (100%). The universal co-occur-
rence of these adhesion- and immune-evasion—associ-
ated genes among MDR isolates suggests a strong viru-
lence profile across the population.

Antibacterial activity of probiotic cell-free super-
natants. Both Lactobacillus reuteri and Lactobacillus
plantarum cell-free supernatants exhibited inhibito-
ry effects against E. coli and E. coli O157:H7. At 75
and 100 pyg/mL, L. reuteri produced the largest inhi-
bition zones against E. coli (22 mm and 26 mm) and
E. coli O157:H7 (27 mm), showing significant differ-
ences compared to L. plantarum (p < 0.05) (Table 2;
Figures 3 and 4).
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Table 2

Antibacterial activity of Lactobacillus reuteri and Lactobacillus plantarum cell-free supernatants (CFS)
against E. coli and E. coli O157:H7 expressed as zone of inhibition

Isolated bacteria CFS concentration (ug/mL) | L reuterilmm) | L plantarum(mm) p-value
25 16 ? 0> 005
, 50 19 15 p>005
E. coli
75 2 20 p>005
100 26 22 p>0.05
Overall p-value
E coli) - p<0.05 p<0.05 -
25 15 12 p>005
, 50 20 n p <005
E. coli 0157:H7
75 21 18 p <0.05"
100 21 18 p <0.05"
Overall p-value B 0 <005 0 <005 B

(E. coli157:H7)

E. calf E. coll OM5THT

Fig. 3. Antibacterial activity of Lactobacillus reuteri (CFS) against E. coli and E. coli O157:H7.
Zone of inhibition (mm) measured by agar well diffusion at CFS concentrations of 25, 50, 75, and 100 ug/mL.
Letters (a, b, ¢, d) correspond to 25, 50, 75, and 100 pug/mL of CFS, respectively.

E. coli E. col O15T:HT

Fig. 4. Antibacterial activity of Lactobacillus plantarum (CFS) against E. coli and E. coli O157:H7.
Zone of inhibition (mm) measured by agar well diffusion at CFS concentrations of 25, 50, 75, and 100 ug/mL.
Letters (a, b, ¢, d) correspond to 25, 50, 75, and 100 ug/mL of CFS, respectively.
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Antibiofilm effects of probiotic cell-free super-
natants. Antibiofilm activity was evaluated using six
E. coli isolates previously characterized as strong bio-
film producers. Both Lactobacillus reuteri and Lacto-

bacillus plantarum cell-free supernatants demonstrated
inhibitory effects against biofilm formation, although
the magnitude of inhibition varied across isolates
(Table 3).

Table 3

Antibiofilm activity of Lactobacillus plantarum and Lactobacillus reuteri cell-free supernatants
against strong biofilm-forming E. coli and E. coli 0157:H7 isolates

Isolate L. plantarum L. reuteri p-value
(inhibition %) (inhibition %)

E1 (£ col) 37 39 p>0.05
E2 (£ col) 53 61 p>0.05
E3 (£ col) 56 45 p>0.05
EO4 (£ coli0157:H7) 39 50 p>0.05
EO5 (£ coli 0157:H7) 43 46 p>0.05
EO6 (£ coli 0157:H7) 30 iy p>0.05
Overall p-value p <0.05" p>0.05 -

L. plantarum showed the greatest antibiofilm ac-
tivity against isolates E2 and E3 (E. coli), with inhibi-
tion rates of 53% and 56%, respectively, while the low-
est activity was observed against isolate EO6 (E. coli
0157:H7), with 30% inhibition (p < 0.05).

In contrast, L. reuteri exhibited relatively uniform
inhibition across isolates, and no statistically signifi-
cant differences were detected between inhibition lev-
els (p > 0.05). When the two probiotic species were
compared overall, L. plantarum displayed significantly
higher antibiofilm activity than L. reuteri against the
group of strong biofilm-producing isolates (p < 0.05),
although the difference was not evident on an isolate-
by-isolate basis.

Discussion. Although E. coli is consistently rec-
ognized as the leading cause of pediatric urinary tract
infections, there remains a lack of studies that simulta-
neously evaluate antimicrobial resistance, biofilm for-
mation, virulence gene carriage, and the inhibitory po-
tential of probiotic metabolites against clinical isolates.
In regions where antibiotic resistance is rapidly increas-
ing and monitoring is lacking, this difference stands up
even more. By integrating clinical microbiology with
probiotic inhibitory assays, this study addresses a gap in
the literature and provides novel insights.

Some reports were noted that E. coli is still preva-
lent in juvenile UTIs [1, 38], But, Lee [3] brought at-
tention to the challenges of distinguishing between as-
ymptomatic bacteriuria and actual infection. Our find-
ings support these tendencies and add to the increasing
amount of data connecting the prevalence of the clini-
cally concerning serotype E. coli O157:H7 to infections
of the intestines and hemolytic uremic syndrome in
children. The challenges in managing recurrent UTIs
were emphasized by [12], while the increasing menace
of resistant UPEC strains renders the new dataset thera-
peutically significant [5, 10].

It reflects global antibiotic resistance tendencies.
Miller [39] discovered that resistant strains boost UTI
complications in susceptible patients. The growing re-
sistance in pediatric isolates were demonstrated [2, 4],
supporting our findings. Middelkoop [40] confirmed
the emergency diagnostic value of fast microbiological
tools. Kherroubi [41], who identified GyrA and ParC
mutations as fluoroquinolone resistance pathways,
matches our isolates' patterns. Tellapragada [42] and
Al-Hasnawy [43] discovered widespread cephalosporin
and aztreonam resistance.

Ramirez Castillo [14], Qahtan [44], and Musafer
[45] found that biofilms contribute to recurrent UTIs
and treatment failure, and a significant percentage of
isolates produce biofilms. All MRSA strains have fimH
and ompT genes, supporting Desloges [6] and Zhang
[7]'s conclusions that they aid adherence, antimicrobial
peptide resistance, and colonization.

Antibiotics are becoming less effective, so research
into probiotic-based alternatives or supplements has in-
creased. Latif [15] and Qasemi [16] stressed probiotics'
benefits for bacterial infections, but Akgiil [17] demon-
strated their UTI prevention potential. Luo [46] and
Park [47] investigated Lactobacillus strains' immune-
modulatory effects, and Soltani [19] found that their
metabolites diminish pathogenic E. coli. Carvalho [48]
found that lactobacilli inhibit urinary tract device bio-
films. Recent studies have found antibacterial and anti-
biofilm effects in probiotic metabolites [49].

Our finding that both L. plantarum and L. reuteri
cell-free supernatants inhibited this supports previous
findings that E. coli and E. coli O157:H7 are probiotic-
resistant in wastewater systems [20, 21], food models
like white-brined cheese and minced beef [50, 51], and
biological systems like the intestines, rumen, wounds,
and infections [52-57]. Probiotic metabolites decrease
bacterial virulence, adhesion, and colonization [18,
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58], supporting L. plantarum's better antibiofilm effi-
cacy in this study.

Despite the fact that this study offers valuable
therapeutic and microbiological insights, it is crucial to
note that there are a number of limitations. To start,
the results might not apply to other pediatric groups as
the sample was just from one area. And secondly, be-
cause the molecular research only looked at the fimH
and ompT genes, other resistance and virulence factors
might have gone unnoticed. Thirdly, the study did not
evaluate in vivo effects, host immunological interac-
tions, or optimal dosing settings; it only examined the
antibacterial and antibiofilm efficacy of probiotic cell-
free supernatants in vitro. Fourth, recurrence rates af-
ter probiotic treatment were not assessed by long-term
clinical follow-up in this investigation. Lastly, it would
have been beneficial to study the effects of mixing pro-
biotics with conventional antibiotics. This knowledge
could be useful for real-world clinical implementation.
In future studies with a clinical focus, that are multi-
center and longitudinal, these limitations should be ad-
dressed.

Conclusions. Even though E. coli O157:H7 only
accounts for a small fraction of UTIs in kids, our re-
search confirms that it is the leading cause. The signifi-
cant influence of the region's frequent empirical anti-
biotic use is demonstrated by the isolates' impressive
resistance to numerous antibiotics.
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Abstract. Intradialytic hypoxemia (IH) is a frequently observed but insufficiently
characterized phenomenon in maintenance hemodialysis (HD). Its associations with clinical
phenotype, nutritional-inflammatory markers, and short-term outcomes in routine HD
practice remain inadequately defined. The present study aimed to characterize the clinical
profile of patients with I1H and determine its prognostic significance for hospitalization rates
and one-year survival.

Methods. A prospective single-center study included 120 HD patients. IH was defined as
mean Sp0, <94%, Sp0, <94% for 210% of the HD session, and/or PaO, <70 mmHg.
Patients were stratified into IH (n=26) and non-1H groups (n=94). Arterial blood gases,
SpO, trends, spirometry, biochemical parameters, hospitalization frequency, and survival
were evaluated.

Results. Patients with IH demonstrated a lower PaO,: 68.115.4 vs. 87.3+7.2 mmHg
(p<0.0001); lower mean SpO,: 92.1+1.8% vs. 96.4+1.2% (p<0.001); greater duration of
desaturation (Sp0, <94%): 62.6% vs. 5.1% of session time (p<0.0001); and lower serum
albumin: 34.2+4.8 vs. 38.5%£3.9 g/L (p<0.001). Concomitant intradialytic hypertension
was more frequent in the IH group (34.6% vs. 11.8%, p=0.0078). Hospitalization frequency
was markedly higher among patients with IH: 1.7—2. 1 hospitalizations per patient per year,
depending on the presence of intradialytic hypertension, compared with 1.2—1.6 in the
non-IH group (U=2359.0; p=2.01x10-"). A trend toward reduced one-year survival was
observed in the IH group: 8§1.62% vs. 91.49% (log-rank p=0.06).

Conclusions. IH in HD patients is associated with significant impairments in oxygenation,
lower nutritional—inflammatory status, and substantially higher hospitalization rates, with
a trend toward reduced survival. [H may represent a clinically relevant marker of elevated
short-term risk. Routine SpO, monitoring may improve early identification of high-risk
patients.

Keywords: chronic kidney disease, renal replacement therapy, hemodialysis, survival,
intradialytic hypoxemia, intradialytic arterial hypertension.
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C. Kymnipenko, O. JIncsHcbKa

Khiniyauii mpogijibp Ta NPOrHOCTHYHE 3HAYEHHSA IHTPAdiaTi3HOI
rinokcemii y mamienTis 3 XXH V cranii,
AKi JIKYIOTbCSA METOIOM IeMOIiati3y
HauionanbsHuit yHiBepcuTeT 0XOpoHU 300poB’s Ykpainu iMeHi I1.J1. lllynuka, KuiB, Ykpaina

Pestome. Inmpadianizna einokcemia (II) € nowupenum, are HeOOCMAMHbLO OXAPAKMEPUIOEAHUM AGUUEM ceped
XBOPUX HA XPOHIUHY X80po6Y HUpoK V, aKi nikytombca memodom eemodianizy (I/1). Ii 36’a30k 3 Kainiunum npoginem na-
yicHmia, ma KopomKoCmpoKo8UMU HACAIOKAMU 8 YMOBAX PeanbHOI KAIHIMHOI NPAKMUKU 3AAUUAIOMbCS HeAOCMAMHbO
eusHaueHumu. Memoio yiei pobomu 6ya0 oyinumu Kainivnuti npogine II'y nayienmie 3 XXH V I/l ma eusnauwumu ii npo-
2HOCMUYHE 3HAYEHHS W000 Hacmomu 20CRimanizayiil ma 0OHOPIHHOT BUICUBAHOCMI NAYICHMIE.

Memoou. Y npocnexmueéne oonoyenmpoge docaioncenus sxaouero 120 I'/l nayienmis. 11’ 6usnauaniu 3a kpume-
piamu: cepedne Sp0, <94%, SpO, <94% > 10% mpusarocmi npoyedypu ma/a6o PaO, <70 mm pm. cm. Ilayienmie po3-
nodineno na epyny 3 II'(n=26) ma 6e3 II' (n=94). Oyintosanu eazooomin (Pa0,, PaCO,, HCO; ), SpO,, chipomempiro,
1a00pamopHi NOKA3HUKU ma yacmomy eocnimanizayiii. Buscueanicmo ananizyeasu memooom Kansana-Maiiepa.

Pesyromamu. Ilayienmu 3 1T manu nuscuuit PaQ,: 68,115,4 mm pm. cm. npomu 87,3+7,2 mm pm. cm. y epyni
6e3 IT (p<0,0001), nuxcue cepeone SpO,: 92,1+ 1,8% npomu 96,4+ 1,2% (p<0,001), 6invuty mpusanicme decamypa-
uii (Sp0, <94%): 62,6% uacy npouedypu npomu 5,1% (p<0,0001), nusxicuuii pieenv arvOyminy: 34,2+4,8 o/n npomu
38,5+3,9 /4 (p<0,001).

Cynymnus inmpaodianizna apmepianvia einepmensis (IAI) wacmiwe eusnauanace y nayienmie 3 11 34,6% npomu
11,8% (p=0,0078). Yacmoma eocnimanizauiii 6yaa cmamucmuyuno 3navywo euujoro y epyni II: 1,7-2, 1 2cocnimanizauii
Ha nayienma na pix 3asexcro 6io nasenocmi IAT, nopienano 3 1,2— 1,6y epyni 6e3 IT (U=2359,0; p=2,01x10-1°). Ananiz
OOHOPIYHOI BUNCUBAHOCMI XEOPUX OEMOHCMPYEA8 meHOeHYiio 00 3Huxcenns y nayicumie 3 11 81,62% npomu 91,49%
(log-rank p=0,06).

Bucnosxu. IT'y I/l nauyienmie acoyitoemuvcs 3 Oinbul GUPANCEHUMU NOPYULEHHIMU OKCUCEHAUIl, HYMPUMUBHO-30 -
NAAbHUMU 3MIHAMU MA 3HAYHO BUWOI0 Yacmomoro 2ocnimanizayiil. Cnocmepieacmucss meHOeHYis 00 3HUNCEHHS 00HO-
piunoi euxncusearnocmi. IT moxce pozeasdamucs sk mapkep NiOBUUWEHO20 KAIHIYHO20 PU3UKY, A PYMUHHUU MOHIMOPUHE

SpO, - ak echexmuenuil incmpymenm pannvoi cmpamuixayii pusuKy.

KnrouoBi ciioBa: xporiuna xeéopoba Hupok, HUPK080-3aMiCHa mepanis, 2eMoOianis, uiCUanicmy, iHmpadianiz-

Ha einokcemis, inmpadianizna apmepiansHa einepmensis.

Beryn. Xponiuna xBopo6a Hupok (XXH) 3anu-
IIAETBCH AKTYaJbHOI MEIUKO-COLiaIbHOK Tpo0dJie-
MOIO Yepe3 BUCOKUU PU3UK MPOrPECYBaHHS 10 TePMi-
HaJbHOI CTalii HUPKOBOI HEMOCTATHOCTI Ta HEOOXif-
HiCTb POBEAEHHSI HUPKOBOi 3aMicHoi Tepamii (H3T).
3rifHO 3 CydYaCHMMHU AAaHUMMU, TOIIUPEHICTh ceple-
BO-CYIUHHUX 3aXBOPIOBAaHb Cepell TaKUX IMAalli€HTiB
cTaHOBUTH 60%, a cMepTHICTh HaGIXaeTbes 10 50%
[1]. HesBaxatoun Ha edekTrBHicTh Temomianisy (I'J1)
y MiATPUMILI XUTTEBO BAXJIUBUX (PYHKIIIN, 1Ieil MeTOx
HEPiAKO CyMPOBOAXKYETHCS PO3BUTKOM iHTpadialli3HOT
rimokcemii (IT'), mo xapakTepusyeTbcsl 3HUXEHHSIM
SpO, abo napuiaabHOro TUCKY KucHio (PaO,) min yac
ceaHcy. €IMHUX pEKOMEHALIil OA0 LUiJIbOBUX PiBHiB
SpO, nin yac I'/] Hapasi He icHye. BonHouac, 3 orisany

Oxkcana JIucsincbKa
lisyanskaya.oksana@gmail.com

Ha pU3MK Aiajli3-acolilioBaHOiI TiMmoKceMii, JOLiTbHUM
€ OpieHTyBaHHS Ha pekoMeHpaanii BOO3 (2011) mono
BEIEHHS MalliEHTiB, 30KpeMa Ha LIiJIbOBi MeXi caTypa-
uii, mpuitnAari B a”ecresiosnorii, ne SpO, < 95% pos-
LiHIOETHCS K O3HaKa MOTEHIIHOI TiMOKCeMil, a 3Ha-
yeHHS < 90% — sIK KpuTHU4Hi [2-4].

IT" yacrime crocTepiraeTbesl y XBOpUX i3 CYMyTHi-
MU CEpLIEBO-JIETEHEBUMM 3aXBOPIOBAHHSIMU, 30KpeMa
XPOHIYHOIO CEpPLIEBOI0 HEAOCTATHICTIO, OOCTPYKTUB-
HUMU TMOPYUIEHHSIMU AUXAHHS Ta CUHAPOMOM arHOe
YBi CHi, a TAKOX Y TMAIli€EHTIB i3 BUPaXEHOI aHEMIi€l0
Yy 3anajibHUMM 3MiHamu [3, 5]. Bimomo, mo rimok-
CceMis 31aTHa BUKJIMKATU CUCTEMHI 3MiHU, BKIIOUHO 3
aKTHUBAIli€I0 3aMajJbHUX MPOLIECiB, TMCHYHKIIEIO epr-
TPOLIUTIB, MOPYLUIEHHSIM METa0O0Ji3My Ta 3HUXKEHHSIM
TpodivHOT MiATPUMKYU TKaHWH [6-9]. MynbTHUILIEHTPO-
Bi TOCHIiIXXEHHS CBigyaTh, 1110 TpuBaja ad0 BUpaxkeHa
IT" Moxxe OyTu He3aexXXHUM (PaKTOPOM PU3MKY TOCIIi-
Tamizaliii Ta cMepTHOCTi. 3okpeMa, Meyring-Wosten
Ta CIiBaBT. MPOJEMOHCTPYBaiv, IO iHTpadiaii3Ha
catypaiist <90% mipotsirom >30% Bim TpuBaJIOCTi TIPO-
LieIypu acoliifoBaHa 3 MiABUILEHOI YaCTOTOIO TOCHi-
Tajizauiii Ta 3arajnbHol0 cMepTHicTio [10]. JocmimkeH-
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Hsl, MPUCBSIYEHI LIEHTPaJbHill BEHO3Hiil OKCUTeHallil
(ScvO,), Takox cBimyaTh, IO HABiTh IOMipHE 3HMU-
JXKEHHSI OKCUTEHallil KPOBi KOPEJTIOE 3i 3pOCTAHHSM PU-
3UKY HECTIPUATIUBUX KITiHIYHUX TToAil y [/l mauieHTiB
Ta BigoOpaxkae CUCTEeMHUI AucOaTaHC MiX T10CTaBKOIO
Ta CroXuBaHHIM KucHio [11, 12].

ITonpu HaKOMUUYEHHS OKPEeMUX JaHUX, KTiHIYHUI
npodinb I'/l namieHTis 3 IT', BKIIOYHO 3 XapaKTepuUCTU-
KaMu ra3000MiHY, TOKa3HMKaMU 30BHIIIIHbOTO TUXaH-
H$I, CYMTyTHIMU 3aXBOPIOBAHHSAMMU Ta Ja0OPATOPHUMU
MapKepaMu, 3aJIMIIAEThCS HEMOCTATHHO BU3HAYEHUM.
KpiM TOro, mano aociaiiXeHb OLiHIOIOTh KOPOTKO-
CTpOKOBe MNporHoctuyHe 3HayeHHs I (3okpema ii
BIUJIMB HA YaCTOTY TOCHiTasi3allil Ta OMHOPIYHY BAXMU-
BaHICTh) Y peajbHUX YMOBAaX PyTUHHOI TiaJli3HO1 MpakK-
TUKU, 1[0 CTBOPIOE MOTPeOy B iHTErpOBAHOMY IiAXOIi
1o ouinku II" 9k moTeHIiiHOro MapKepa MiABULIEHOTO
PU3UKY YCKIJIATHEHb.

VY 11bOMYy KOHTEKCTi METOK HAlIOro JOCTiaXeH-
Hs1 OyJIO OLIHUTU KJIiHiYHUU podine IT y nauieHTiB 3
XXH V I'l Ta BU3BHAYUTH 11 MPOTHOCTUYHE 3HAYEHHS
1I0JI0 YaCTOTH TocHiTai3aliil Ta OMHOPIYHOI BUXUBA-
HOCTI.

Marepiaan Ta MeTonu. B ofnHOLIEHTPOBOMY MpO-
CHEKTUBHOMY KOTOPTHOMY IOCIIMKEHHI B3I Yy4acTh
120 mauienTiB i3 XXH VI cranii, siki JikyBajauch B
ymoBax KHIT KOP «KwuiBcbka obGnacHa KiiHiuHa Ji-
KapHsl», 10 € KJIiHiYHOIO 0a3010 Kadeapu Hedposio-
rii Ta HUpKoBo3aMicHo1 Tepanii HYO3 Ykpainu imeHi
IT.JI. Iynuka. JochigkeHHs MpOBeAeHO BilMOBiIHO
JI0 eTUYHUX NpuHUUMiB ['enbciHChKOiI neknapaii Beec-
BiTHbO1 MeanyHoi acouiauii (2013 p.). IIpoTokon mo-
CJTIIXKEHHS PO3IJISIHYTO Ta CXBAJIEHO KOMICi€l0 3 MUTaHb
etukn HYO3 Ykpainu imeni I1. JI. lIlynuka (nmpoTokos
Ne 2 Bin 01.02.2016). Yci nattienTr Hagaau iHpopMoBa-
HY IMCbMOBY 3roJly Ha Y4acThb Y AOCJIiXKEHHi.

Meniana (Me) Biky nailieHTiB cTaHOBMJIA 52 pOKHU,
IQR (38; 59). Bubipka BkiIouajia MPpUOAU3HO PiBHY
KiUJIBKIiCTh TALliEHTIB MOJIOJOTO Ta CEPENHbOrO BiKY,
TOJi SIK HaliMEHIIa yacTKa MpUIiajaja Ha Malli€HTiB,
[0 MaloTh BikK ToHaa 60 pokiB. 3a cTaTeBUM PO3IOi-
JIOM TiepeBaxasu XiHku — 68 ocib (56.6%). CepenHiii
crax I'/l cranoBuB 51.82 £ 50.67 micsaus.

Kputepisimu BKJIIOYeHHST Oyau: BikK Bim 18 pokiB,
mikyBanHs '/l >3 micsauiB; spKt/V >1,2, MOXINBICTb
BUKOHAHHs MOHiTOpuHTY SpO, Ta 3a60py aprepiaib-
HOI KpOBi Mif yac mpoueaypu, CTabuIbHUM KJIiHIYHU]
CTaH TauieHTa 0e3 O3HaK rocTpoi iHdeklii abo Au-
XaJIbHOI IGKOMIIEHCAllii.

Kputepii BUKIIOUEHHS: TPOMOOLIMTONEHIs, Ty-
0OepKy/ab03 JIETeHb, TpaBMaTUYHi YpakeHHsS abo cy-
JUHHA TAaTOJIOTis BEPXHiX KiHIIBOK, HIrTi, MOKPUTI
JJaKOM, TPEMOpP BEpXHixX KiHIIBOK, CTiliKi MOPYLIEHHS
pUTMYy, JIeTeHEeBa KPOBOTEYa, KPUTUYHUI CTaH, BUpa-
JKEeHa TiMOTeH3is1, HEMOXJIUBICTb 3a0€3MeYnTH KOpPeK-
THe BuMiproBaHHs SpO, 4M BUKOHATH apTepiabHUiA
3a0ip KpoBi.

VYci nmauientu sikyBanuchk merogoM IJl Tpudi Ha
TXAEHb 3 TOYHUM BOJIOMETPUYHUM KOHTPOJIEM YJIb-

TpadinpTpauii. JIikyBaHHS 3MiliCHIOBaIU 3 BUKOPUCTAH-
HSIM GiOCYMiCHUX BMCOKOITOTOKOBUX MeMOpaH; IIBUI-
KicTb KpoBOTOKY 250—350 my1/xB, miamizaty — 500 My1/XB.

CTymiHb 3aaUIIKU OLiHIOBaIX 3a Iukaiow Borg.
DyHKIIiS 30BHIITHBOTO AUXaHHS BU3HAYAJIACh 32 JOTIO-
MOTOI0 CHipoOMeTpii, 1110 BKJItoYaaa 06’eM (popCOBAHOTO
Buauxy 3a 1 cekynny (O®B1), hopcoBaHy KUTTEBY EM-
HicThb siereHb (P2KEJT), a TakoX po3paxyHOK CITiBBiJI-
HomeHHST O®B1/®XKEJ] m1st BCTaHOBICHHS TUITY JTH-
XaJIbHUX TOpYLIeHb. MOHITOPUHT apTepialIbHOTO TUCKY
(AT) nmpoBoauBCS KOXHi 15 XBUJIMH Mia yac Mpoueaypu
T'l 3a noroMorow NpucTpoIo J1jsi aBTOMaTUYHOIO MO-
HITOpYBaHHS Y OENHAHHI 3 HEiHBAa3UBHUM BU3HAYEH-
HsM SpO2 MeToaOoM MYJIbCOKCUMETPIii 3 BUKOPUCTAH-
HsIM MoHiTopy nailienta G3H. Lle 103Bo1s110 3AiMiCHIO-
BaTu Oe3nepepBHUI KOHTposb AT, yacToTu cepleBux
ckopoueHb (HCC) ta SpO2 npoTIroM ycboro ceaHcy.

IT" BusHayanu sK: cepenne SpO, Mmix 4ac ceaHcy
<94% a6o SpO, <94% >10% TpuBanoCTi npouesypH,
abo PaO, <70 mm pr. cr. min yac I'/l. O6cTexeHHs
MPOBOAUJIOCH TIPOTATOM 1-2 THXHIB i BKJIIO4ano 3-6
ceanciB '/l Ha mauieHTa.

JlaGopaTopHi MOKa3HUKM BKJIIOYAJIM T'eMOII00iH
(Hb), rematokput (Ht), ansbymiH; ra3u aprepiajbHOI
kposi (pH, PaO,, PaCO,, HCO;.), crangapTHi 6ioxi-
MiYHi TECTH.

JocnimxyBaHa Koroprta Oyjia po3mnofijieHa Ha JBi
rpynu. Ilepma rpyma (I) cknamamachk 3 26 MallieHTiB i3
IT, cepen sikux 6yno 14 xinok (53.8%), a cepeaHiii crax
I'1 cranoBuB 62 + 51.7 micsius. dpyra rpyna (I1) — 94
natienTa 6e3 IT, i3 gakux xiHok 6yno 54 (57.4%), a ce-
penHiii crax I'Zl craHoBuB 49 * 50.3 micsuis.

OCHOBHUMHU OLIHIOBAHUMM MapaMeTpamMu OyJIu
KJIiHiYHi Ta (QYHKIIOHAIbHI XapaKTepUCTUKM TallieH-
TiB 3ajieXkHO Bia HasgBHOCTI II', MOKa3HUKU OKCHUIeHa-
11ii Ta ra3000MiHYy, a TAKOX YacTOTa roCIiTaxi3allii Ta
BUKMBaHICTh XBopuX. [ToyaTKOM CIOCTepeXeHHS BBa-
XaJIU [aTy MianucaHHs iHGOpMOBaHOI 3rofu, a aHa-
JIi3 JaHUX 30iCHIOBAJIU MPOTSITOM OJHOIO POKY IiCJIs
MEPBUHHOTO OOCTEXEHHS.

CraTUCTUYHY OOpPOOKY OTpUMAaHUX Pe3YJbTaTiB
MPOBEAEHO Ha TMEepPCOHAJbHOMY KOMIT'IOTEPi 3a J0-
MOMOTOI0 MporpamHoro 3abesrnedyeHHs «Excel» (Ji-
LeH3oBaHa Bepcist) Ta «SPSS» (26.0, IBM Bepcis
Corporation, CIIIA). ¥V pa3i BiaxuieHHs Bil HOpMaib-
HOIro PO3MOJiNY IaHi MpeacTaBieHo sIK Me Ta Mix-
kBapTuiabHuil po3max [Ql; Q3]. JlocToBipHiCTh Bif-
MiHHOCTE! MiX TpynaMu OLIiHIOBAJIU 3a JOIMOMOTOIO:
t-xputepito CThloneHTa (IJI1 AAHUX i3 HOPMaJbHUM
posnogainom), U-kputepito MaHHa-VYiTHi (115 mokas-
HUKIB i3 pO3MOIiJIoM, BiIMiHHUM Bif HOPMaJbHOTIO),
¥2-KpUTepilo (/18 AKiCHUX JaHuX). BxkuBaHicTh owli-
HioBaiu MmetonoMm Kamnana-Mailepa 3 BUKOpUCTaH-
HSIM JIOT-paHroBoro Tecty. KputuuHuii piBeHb cTa-
TUCTUYHOI 3HaUyLIOCTi puiiHATO p<0.05.

PesyabTaT. OCHOBHI KJIiHiIKO-1a60paTOpHi MO-
Ka3HUKU, CYMYTHi 3axBOPIOBaHHS, (YHKIiOHAIbHI
napaMeTpy AuxalbHOi cucteMu, piseHb AT Ta SpO,
npencTasieHi B Tabaui 1.
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Tabauys 1
Kuiniuni, 1adopaTopHi Ta (pyHKIIOHAJIBHI BiqMiHHOCTI MK manieaTamu 3 IT" Ta 6e3 IT
MoKa3HUKm I rpyna (3 IF) (n=26) Il rpyna (6e3 IT) (n=94) = ’:;;n‘:;:"u' MIX p-level
Crax ', mic 62517 49+50.3 12.0(9.3-35.3) 0.249
Hb, r/n 911117 901129 1.0 (42- 6.2) 0.722
Ht, % 281+31 218+2.8 0.3 (1.0-16) 0.638
AnbBYMiH, /N 29+1.21 3114 -2.0 (141- 2.59) <0.001*
oH 737+0.04 738+0.06 -0.01(-0.030- 0.010) 0425
Pa0, MM pr cT 58.9+10.2 132452 -14.30 (-18.36-10.24) <0.0001*
PaC0,, MM pr cT 318+10.3 34241044 3.60 (0.89-8.09) 0121
HCO3-, MMonb/n 21.36+4.8 19+3.37 2.36 (0.39-4.33) 0.005
3auLIKa 3a LLKanow 25(1-3) 15(1-2) 1.0 (0.82-118) 0.507
Borg 6an Me (IQR)
X031, n (%) 5 (19.23%) 7 (7%) 178 (-4.27-2784) 0.076
XCH, n (%) 5 (19. 23%) 6 (6.3%) 12.93 (0.3- 254) 0.044"
LA, n(%) 4 (15.38 %) 17 (18. 08%) -27(-19.2-13.8) 0748
IDWG, kr 2509 24+08 01(0.28-048) 0.584
IDWG (kr %) 29410 2810 010 (0.33-0.53) 0.653
Yac npoueaypy Il 20574283 208.0+251 230 (-1430-9.70) 0.688
(xBUnuHM)
Y®O, n 2612 2410 0.20 (0.30-0.70) 0.390
spKt/V 1501 15+0.3 0
Sp0,% 921£1.6 95.2+1.3 =310 (-3.77; -243) <0.001"
Sp0, <94%, % vacy 62.6191 51£75 575 (46.59; 6841) <0.001"
00B1 199+0.54 2.04+0.61 -0.55 (0. 33; 014) 04
OXEN 2.35+0.61 2.34+0.86 0.01 (-042,044) 0.96
OB1/OXEN 0.84:0.08 0.87:0.09 -0.03(-0.067 g0 0.007) 0107
Moyatkosuit CAT, Me 146 (122.75 - 166.75) 147 (12175 - 164.0) -1(-1513) 0.89
(IQR), Mm.prCT.
KiHueswit CAT, Me (IQR), 149 (121.75 - 164.0) 140 (123.75 - 160.5) 9[-53233] 019
MM.DT.CT.
YacTka nauieHris 3 Al 346 (9). 5/4 11.8 (10) 4/6 2398 (4.66; 43.3) 0.0078"
(n] u/x
YCC, yn/x8 73.5 (66;80) 745 (68; 82) -01(-5.50;3.50) 0.316

*  BimMiHHICTB MiX IrpynaMu € CTaTUCTUYHO 3Hauy1o1o, p < 0.05

[Mpumitka:
CAT — cucTosiyHuii apTepiaTbHUI TUCK.

SIK mpoaeMoHCTpoBaHO y Tabj. 1, MiX JOCTiIXKY-
BaHMMU TPYIIaMU He BUSIBJICHO CTATUCTMYHO 3HAYYIIINX
BiAMiHHOCTEM 3a BIKOM, CTaT€BUM PO3IOILIOM, HO30-
JorivnuMu popMamu XXH, TpuBaicTio Ta ageKBaTHIC-
Ti0 nipoBefeHHs '/, a Takox 3a 3aralbHUMM MOKA3HU-
Kamu KpoBi. BogHouac piBeHb aibOYMiHYy B CUpPOBaTILi
KpOBi nauieHTiB I rpynu BUSIBUBCSI JOCTOBipHO HIMXYeE,
HixX y namienTis I rpymu (p<0.001), 110 Moxxe Bimobpa-
KaTU HasIBHICTb XPOHIYHOIO 3amalieHHs, rinepkarado-
JIi3My Ta TIOTipIleHHSI Xap4yoBoro crarycy. IlauieHTu

IDWG — mixmianizauit mpupict Macu tina; YOO — ynbrpadinsrpaiiitHuit 06’eM; n — KiJTbKiCTb IMAIli€HTIB,

I rpynu (3 II') mManm TeHAEHIII0 D0 OLIBII BHpaxkKeHOL
3aIMINKK 3a mKaioo Borg (2,5 [1;3] mpotu 1,5 [1;2] y
II rpymi), mpote 1151 pi3HUIIA HEe HOCSTIIa CTAaTUCTUYHOL
3HauymocTi (p=0.507). KpiM TOro y marii€eHTiB i€l X
rpynu 3aikcoBaHO 3HaYHO HMXK4YUH piBeHb PaO, 58.9
+ 10.2 MM pT. CT. y HOPiBHSAHHI 3 pe3yJabTaTaMu, OTPH-
manumu B II rpymi, ne BinmosinHmii nmokasHuk PaO,
ctaHoBUB 73.2 * 5.2 MM pT. cT.; p < 0.0001). 3HayeHHS:
6ikapoonaty (HCOj;.) y I rpymi (3 IT') Oyno Bumnm, mo
MOXK€ CBITYUTU MpPO MeTaboJiuHy KOMIIEHCAllil0 XpO-
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HiYHOI1 TriMOKCceMii 3a paXyHOK 30i/IbIlIeHHS 6ikapOoHaT-
Horo pesepsy (p = 0.005). PaCO, y I rpymi (II') craHo-
BuB 37.8 = 10.3 MM.pT.cT. mpotu 34.2 + 10.44 MM pT. CT.
BianoBigHoro nokasHuka y Il rpymi, 1o Moxe cBiguuTu
PO HASIBHICTh TIMOBEHTWJISILIT D0 HeaJeKBaTHOI pec-
MipaTopHOi KOMIEHcallii i MoTpebye MOoJanbIIOrO BU-
BueHHs. [IpoTe 11 BiIMiHHICTh HE AOCSIJIa PiBHS CTa-
TUCTUYHOI 3Hauy1octi (p = 0.121). IMauientu I rpynu
3 IT" Takoxx Manu Hyk4i nokasHuku SpO, (p < 0.001).
3a OTpMMaHMMU AAHWMU, CYTTEBUX BiIMIHHOCTEH Yy
MOKa3HWKaxX 30BHIIIHLOTO mauxaHHsg (O®B1, ®XKEJ,
O®B1/DXKEJT) Mix rpyrnamMu He BUSIBJIEHO.

= L g
=} wn =}

=
n

YacToTa rocniTanisauii (BUNagkie Ha pik)

0.0 1rpyna

IMauienTtr I rpynu Majiu CTaTUCTAYHO BUILLY YacT-
ky XCH (p = 0,044). YacroTa CynyTHbOI iHTpamiati3-
Hoi aptepianbHoi rinepreHsii (IAI') Takox OyJa BUILIOI0
B rpyni IT" — 34,6% mnipotu 11,8% y rpymi 6e3 IT" (p =
0,0078). Kpim Toro, y mauienriB | rpynu 3 IT" cepenHs
KUIBKICTB TOCITiTaji3aiii craHoBwia 1,7 Ha OgHOTO ma-
LlieHTa MPOTATroM poky. 3a HassBHOCTI IAI' y Mexax 1iel
TpYIU CepeaHs YyacToTa rocmiTajizaliit 3poctana 1o 2,1
Ha OJIHOTO MAalliEHTa Ha PiK.

V Il rpymi (6e3 IT') yacTora rocmitaizaitiii Oyia HUX-
yoro: 1,6 Ha malnieHTa Ha pik 3a HasiBHOcTi Al Ta 1,2 —
3a il BigcyrHocTi (U = 2359,0; p = 2,01x101%") (puc. 1).

. AT

2 rpyna

Puc. 1. YacTora rocmirtami3aiiii 3ayiexkHo Bin HasBHOCTI IAI y mochimkyBaHUX TpyTiax.

AHaJi3 BIKMBaHOCTI 3a MeTogoM Karmtana—Ma-
lepa mokaszaB TeHIEHIiI0 10 HUXYO0I OJHOPIYHOI BHU-
xuBaHocTi y manientis 3 IT (81,62% mporu 91,49%).

IIpote, pi3HULS MiX TpyllaMK HE AOCSTIa CTAaTUCTUY-
Hoi 3HauymocTi (log-rank p = 0,06) (puc. 2).
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Puc. 2. KpuBa BIKMBaHOCTI TAIIiEHTIB Pi3HUX TPYIT TPOTTroM 12 Micsmis 3a MmerogoM Karmana-Maiiepa
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HailinomupeHilioro OpuYUHOI CMepTi OyB iH-
cynbT, sskuil 3adikcoBanuit y 50 nauieHTtiB (41.7%).
ITo onHomy BUManKy (8.3%) npunaio Ha iHGAPKT Mi-
oKapJia Ta panToBy 3ynMUHKY ceplist. CeTcuc cTaB Mmpu-
YUHOIO JIETAJILHOIO HACTIAKY Y 2 mauieHTiB (16.7%). Y

TpbOX BUNankax (25%) nmpuyrHa 3ajJuliniacs HeBcTa-
HOBJIeHO0. CTaTUCTUYHO 3HAYYIIMX BiIMiHHOCTEN
Mix rpynamu He BussieHo (y2 < 0.0001; p = 0.99), uio
CBiIUUTH Mo OaraToakTOPHUN XapakTep MeXaHi3MiB
cMmepri (puc. 3)

MpUYHKN CMEPTHOCTI Y MaLEHTIB Ha reMogianisi

IHCynbT

IHhapKT Miokapha

PanToBa 3ynuHKa cepus

MNpuynHa cmepTi

Cencuc

Heginoma/He BcTaHOB/AEHA NPUYNHa

10

15 20 25
YacTka nauieHTiB (%)

30 35 40

Puc. 3. [IpuunHa cmeptHOocTi Ha [J]

OoroBopenns. Hespaxaioun Ha HasBHICTb I10O-
JTUHOKUX MyOJIiKaliil, 1Ki BUCBITIIOIOTh OKpPEMi acIeK-
v 1T, nijicHe po3yMiHHS 11boro (peHOMeRy y I'/] maiti-
€HTIB 3aJIMLIAEThCA OOMexkeHUM. OTpuMaHi HaMu AaHi
JIO3BOJISIIOTh OKpeCAUTH (heHOTUI nauieHtis i3 I, aisa
SIKOTO XapaKTepHi OifblLI BUpaXKeHi BilxuyieHHs ¢i3io-
JIOTIYHMX MapaMeTpiB Ta HECTIPUATIMBI KIiHIYHI MOI1.
Kito4uoBi pe3yabTaTi MOXXHA y3araJlbHUTH HACTYITHUM
yuHoM: I'Jl mamientu 3 I1I' Maiu 3Haudylle HUXYi 3HA-
yeHHa PaO, i SpO,, 3HUXeHUH piBeHb anbOyMiHy,
Uiy yactoty IAT Ta rocmiTanizauiii Ta TeHACHILIIO 10
3HUKEHHS OTHOPIYHOI BUXKMBAHOCTI.

IMponeMoHcTpoBaHe 3HMXEeHHA piBHA PaO, T1a
SpO, y mauieHTiB I rpynu y3roaxyroThcs 3 rinoTe3oro
1IOJ0 TOPYIIEHHS BEHTUJsALiHO-TIepdy3iiiHoro Oa-
JIaHCY 200 IUC(YHKIIIIO TUXATbHUX M’ S13iB, 3yMOBJIEHY
YPEMiYHUM CTaHOM, aHEMI€I0 Ta CepleBO-CYIWHHOIO
Komopb6inHicTio [3, 13, 14].

3HUXKEHHS piBHS anpOyMmiHy y mailieHtiB 3 I
CBiIUMTH MPO XPOHIYHE CUCTEMHE 3amajieHHs, Tirnep-
KaTaboJ1i3M Ta MOopyIIeHHS HyTPUTUBHOTO CTAaTyCy, 110
TPAIUIIIHO PO3TIISIAAETHCS SIK MPEAUKTOP HECTIPUST-
nuBoro nporHosy y I'/Jl mamientis [8, 15]. Orpumani
pe3yabTaTu y3roaxXyloTbhes 3 JTaHuMU Meyring-Waosten
Ta CIiBaBT., IKi MPOAEMOHCTPYBaIU, 11O IMAIliEHTH 3
TPUBAJIOIO iHTpaAiali3HOIO JecaTypali€lo MaloTh BU-
paxXeHi 0O3HaKU 3alajJeHHs Ta MiABUILEHUN pPU3UK roc-
mitanizauiii i cMeptHocTi [10].

IAT 3Ha4yHO yacrTille crocrepiragach y maii€HTiB
3 TIOPYIIEHHSIM OKcHUTeHallii KpoBi. AT, 1o Bu3Hayva-
€ThCH K MapanokcanbHe niasuieHHs AT mig yac abo
Micasl nmianizy, € Ceplo3HUM KIIiHIYHUM YCKJIaIHEH-
HSIM, MIOB’SI3aHUM 3 MiJBUIIIEHOI aKTUBHICTIO CUMIIA-

TUYHOI HEPBOBOI CUCTEMM, MOPYIICHHSM CYAUHHOTO
TOHYCY, HaaMipHOIO yiIbTpadiibTpallielo ado 3HU-
>KEHHSAM npoaykuii okcuay aszoty [13, 16, 17]. Ipore,
BapTO 3a3HAYMTH, 1110 BUSBJEHA acolliallis 3 YaCTOTOIO
rocritajizalliif He MoXe OyTH iHTepIpeTOBaHa K MPU-
YUHHO-HACJiIKOBA Ta MOTpebdye MiATBEPIKEHHS Y TTO-
JAJTBIIUX JOCTiIKEHHSIX.

IToxa3HMKY BUXKMBAHOCTi TAKOX BKa3yIOTh Ha He-
ratuBHMi BrivB IT: manieHTH I rpynu Mmanu HAXYY O -
HOpIYHY BMXKMBaHIiCTh TopiBHsHO 3 11 rpymoro (81,62%
npotu 91,5%). HaBiTh monpu BiZCyTHICTh CTATUCTHY-
HO 3HAYylllol Pi3HUIL MiX rpynaMu, dakT, 0 Oilb-
LIICTh CMEPTEN MpUMagaju Ha CepLEeBO-CYIMHHI MOIIT,
1Ile pa3 JOBOAMUTH: CaMe CeplieBO-JiereHeBa TUCHYHK-
11i51 3aIMIIAETHCI KJIIOYOBUM YMHHUKOM PU3MKY IS
I'1 nauienris [7, 18]. OTpuMaHi gaHi y3romKyeThCs 3
nonepeaHiMU TOCTiIKEHHIMHU, SIKi IPOAEMOHCTPYBa-
JIM acouialiro 3HUXeHHs okcureHauii (ScvO,) 3i 3poc-
TaHHSIM pu3KKy cMepTi [11, 12].

Otxe, pe3yabTaTH Halloi poOOTH IMiATBEPIKY-
10Th, o II" € He aue yactuM sBulleM mig yac /I,
ajie ¥ KIiHiYHO 3HaYyIIIMM YUHHUKOM PU3UKY TrOCITiTa-
Jlizauiit, cepueBO-CyIUHHUX YCKJIaAHEHb Ta 3HUXKEH-
Hel BUXUBaHOCTI. Pyrunne BumiproBanua SpO, Moxe
OyTU MPOCTUM Ta €(PEKTUBHUM iHCTPYMEHTOM CTPATU-
dikallii pu3MKy, 110 Y3roIXYyETbCS 3 peKOMEHIAIIIMU
BOO3 miono MOHITOPUHIY catypallii y KpUTHUYHUX
craHax [2] i miaTBepaKye MOLIIbHICTh BIPOBAIKEHHS
peryJsipHOi OLiHKW OKcureHaltii mig yac I'/1.

JlaHe nmocligkKeHHST Ma€ TeBHi OoOMexXeHHs, SKi
HEeOoOXiTHO BpaxoByBaTH i yac iHTepIpeTalii pe3yib-
tatiB. [lo-mepiile, OAHOLIEHTPOBUI NM3ailH 3MEHIIYE
y3araJbHEeHHsI OTpUMaHUX pe3y/bTaTiB Ha IIUPOKY MO~
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nyisuito I'J1 manientis. [lo-gpyre, po3mip BHOipKH,
30kpeMa rpynu 3 II', OyB BiTHOCHO HEBEJIMKUM, TOMY
pe3yJibTaTu MOTPeOyIOTh MiATBEPAKEHHS y OaraToleH-
TPOBUX MPOCMEKTUBHUX AOCTimKeHHsAX. [lo-TpeTe, y
JMOCJiXKEHHI HEe BpaxOBaHO HU3KY MOTEHLIMHUX KOH-
dayHepiB, TAKUX SK TUII Aiali3HOI MeMOpaHU, mapame-
TpuU yabTpadinbTpallii, CKJIaa i TemnepaTypa Jaiaai3Horo
pO34KrHY, a TAaKOX TPUBAJICTh MPOLEAYPH, 110 MOXYTh
BILJIMBATU Ha piBeHb OKCUTeHAllii Ta TOKa3HUKU apTepi-
ajnbHOro Tucky. Kpim roro, Busnauenns PaO, ra PaCO,
npoBoawsiock mpoTsrom 2-6 I'Jl ceciif, mo obGmexye
MOXJIMBiCTb MOBHO1 OLIIHKM AWHAMiK/ LIMX [apaMeTpiB.
HacamkiHelb, nepioa crioctepesxxeHHsI CTAHOBUB JIMILIE
OJWH piK, TOMY JOBrocTpokoBi Hacjinku IT' 3anuia-
I0TbCSI HEBU3HAYEHVMMHU Ta TMOTPEOYIOTh MOAAJbIIOTO
BUBYEHHSI.

IlepcrieKTUBHI JOOCHiIXEHHS MalOTh BKJIIOYATH
OGaratoakTOpHU aHai3 3B’43Ky Mix IT', 3amanbHUMU
MapKepaMM, HYTPUTUBHUM CTaTyCOM i CeplieBO-Jiere-
HEeBOIO (PYHKIII€I0, a TAKOX PO3POOJEHHS MPOTOKOJIiB
Oe3nepepBHOro MOHiTOpUHIy SpO, 3 METOI0 pAHHLOTIO
BUSIBJIEHHSI MALliEHTIB BUCOKOTO PU3UKY.

BucHoBku. OTprMaHi pe3yabTaTv I€MOHCTPYIOTh
KJIiHiYHe 3HAYeHH$SI BUSIBJIEHHS TilMOKCEMil TMia 4yac
npouenypu I'l y mauientiB 3 XXH V cranii Ta ii MoX-
JIUBY POJib SIK MapKepa MiABUIIEHOr0 pU3UKY TOCIIiTa-
JIi3allii Ta 3HMKEHHS BUDKUBAHOCTI:

1) IT e vactum dperomeroM y I'JI-nairieHTiB i cympo-
BOJKyeThCs 3HMXKeHHAM PaO, ta SpO,, mo cBig-
YUTh MPO iCTOTHE MOPYIIEHHS OKCUTEHallii ITij
Yac Mpoleaypu;

2) Tl mauientu 3 IT" xapakTepusyoTbcsi MEHII CIIPU-

STJIUBUM KJIiHIYHUM ITpo@ijeM, BKIIOYHO 3 HUX-
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YUM piBHEM aJibOyMiHY, OinbiIO0 YacTtoToro [AT,
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3) mHasgsHicTh II" acolifoeThbCs 3 TEHACHIIIEIO 0 3HU-
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CTIPUSATIIMBOTIO MPOTHOCTUYHOTO 3HAUYEHHS.
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Abstract. The preferred treatment for severe chronic kidney disease (CKD) is kidney
transplantation. However, delayed graft function and acute graft dysfunction resulting from
acute tubular necrosis, rejection, cyclosporine toxicity, urine leak, hematoma, blockage,
lymphocele, and renal artery stenosis are frequent post-transplant complications. Renal
biopsy remains the gold standard for diagnosis, but it is invasive and associated with
complications and sampling errors, underscoring the need for accurate non-invasive
alternatives.

Renal scintigraphy (RS) is a non-invasive nuclear imaging technique that uses
radiopharmaceuticals to evaluate renal structure and function. It has demonstrated value
in diagnosing complications such as acute tubular necrosis, acute allograft rejection, urine
leakage, urinoma formation, and vesicoureteral reflux. Importantly, baseline RS performed
in the early postoperative period may also provide prognostic information on long-term graft
survival.

Although several reviews have addressed the diagnostic role of RS in transplantation,
less attention has been given to its prognostic applications, its integration with emerging
techniques such as radiolabeled antibodies and hybrid imaging, and its potential to reduce
Received September 18, 2025 reliance on invasive biopsies. This review, therefore, aims to synthesize current evidence on
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Muxkwura I1. Hewaeg!s2

CuuynTurpadis TpaHCIVIAHTOBAHOT HUPKU: iHHOBaMilHI miaxoam
JI0 MOHITOPHUHTY TA MPOTHOCTHYHE 3HAYEHHS

ITepxaBHe HEKOMepLiYiHe HinnpueMcTBo «HalioHanbHa JuTa4a creniaiizoBaHa
nmikapHg «OXMATINWT» MO3 Ykpainn», Kuis, Ykpaina
ZHMY imeni O.0. boromonbisa, Kuis, Ykpaina

Pesiome. Onmumanvrum memodom niKysanus mepminanvhoi cmadii xporiunoi xeopobu nupox (XXH) € mpan-
cnaaumayis. 3ampumku GyHKYii mpancnianmama ma 20cmpa Ouc@YHKYis MPAHCNAGHMAMA 8HACAI00K 20CMpPO20 my-
0yAPHO20 HEKPO3Y, BIOMOPeHEHHs, MOKCUMHOCII YUKAOCROPUHY, BUMOKY cedi, 2eMamomu, 3aKynopKU Ce408uUx wasaxia,
Aimgouyene, cmeHo3y HUPKOBOI apmepii Mowo € HAllYACMiWUMU npodaemamu, AKi GUHUKAOMb nid uac ma nicas mpat-
cnaaumauyii

Cuyunmuepagis nupok (CH) — ye Heinsa3usHa sdepra memoduka gizyanizayii, aKa suKopucmosye padiogpapma-
yeemuuHi npenapamu 0458 OyiHKU cmpykmypu ma QyHkyii Hupok. Bouna dosena ceoro yinnicms y diaeHocmuyi yckaao-
HeHb, MaKux AK 20Cmpuil myoyAspHUll HeKpo3, 20cmpe 6i0MopeHeHHs MPAHCNAAGHMAama, eumik ceti, oopmyeanHs ypino-
Mu ma pegarokc ceuoeody. Baxcauso, wo 6azoea CC, 8uKoHaHa y paHHbOMY NICASA0NEPAYIHHOMY Nepiodi, MaKoic Moice
Hadasamu nPoeHOCMUYHY IHGBOpMAayio wo0o mpusarocmi yHKYIl mpancnianmama

Hessaxcarouu na me, wio neena Kinovkicmo oeasndie simepamypu npucesuero diaznocmuyriii poai CH y mpan-
CHAGHMAYIi HUPKU, MeHWe yeau NpudineHo ii npoeHOCMUYHUM MONCAUBOCIAM, [HMe2payii 3 HOBUMU MEeXHOA0IIMU,
makumu K padiomiveri anmuming ma 2iopudna izyanizayis, a makoxic nomeHyianry 3MeHuleHHs Nompeou 6 iH8a3UBHUX
oioncisx. Tomy yeii 02150 mae Ha memi y3aearvHumu cy4acHi 0ati ujodo diaznocmuyHoi ma npoeHocmuuroi yinnocmi CH
Y MPAHCHAGHMAYI] HUPKU, 3 0COOAUBUM AKUEHMOM HA HOBIMHI IHHO8AaYii ma nepcnekmueu, SKi 8i0pizHAMb 1020 8id

nonepednvoi Aimepamypu.

KarouoBi ciioBa: cyunmuepagis nupku, Kainiune 3Ha4eHHsA, MPAHCHAAHMAYIS HUPKU, Ola2HOCMUKA

Introduction. Renal scintigraphy (RS) refers to
a list of methods using radiopharmaceuticals to assess
the structure and function of the kidneys [1]. RS is a
non-invasive diagnostic procedure that uses radioactive
isotopes; it was originally used in 1965 for post-trans-
plant evaluation. The most popular method for RS is
a dynamic planar process that creates two-dimensional
images by imaging a radioactive isotope using a gamma
camera. Magnetic resonance imaging (MRI), com-
puted tomography (CT), ultrasound, and biopsy with
subsequent immunostaining methods can also be em-
ployed. Still, all of them have specific restrictions.

A radiopharmaceutical or radiotracer that pro-
duces a small amount of radioactivity is injected into
the patient during each of the various types of renal
scans, which are used to investigate distinct functional
features of the kidneys. The radiotracer can assist doc-
tors in determining whether the kidneys are functioning
regularly or if there is a problem with them because it
interacts differently in different types of tissue. A kidney
transplant can also be assessed using renal scintigraphy
(1, 2].

Mykyta Nechaiev
m.nechaiev@ohmatdyt.com.ua

Clinicians can use a variety of diagnostic tech-
niques to identify post-transplant problems, in-
cluding vascular and urologic issues, acute tubu-
lar necrosis (ATN), acute rejection (AR), etc. The
optimal procedural method for assessing post-
transplant renal impairment is still up for debate.
It is frequently necessary to do a renal needle biopsy,
which is usually regarded as the gold standard for di-
agnosing complications of kidney transplantation. The
majority of medical professionals favor non-invasive
techniques, including RS [3-5].

RS is a reasonably priced, noninvasive, and non-
nephrotoxic diagnostic technique. The RS results,
however, are challenging to interpret [4-6]. At the same
time, CT has limits because of the nephrotoxic drugs
utilized, but it offers precise views of the architecture of
the kidney transplant and the surrounding tissue. MRI
is primarily referred to as a second-line diagnostic mo-
dality. However, its application for both anatomical and
functional evaluation has grown in recent years [5-7].

Although several reviews have summarized the role
of RS in kidney transplantation, they have predomi-
nantly focused on its diagnostic utility in differentiating
ATN from rejection or in detecting surgical complica-
tions. Far less attention has been paid to the prognos-
tic role of RS in predicting delayed graft function and
long-term allograft survival, or to recent innovations
such as radiolabeled antibodies, hybrid imaging, and
quantitative approaches that can increase the accuracy
of interpretation. Moreover, the clinical impact of RS
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in reducing the need for invasive biopsies and guiding
individualized treatment strategies has not been com-
prehensively addressed.

The aim of this paper is therefore to review and
synthesize current literature on the main diagnostic and
prognostic aspects of RS in kidney transplantation, with
particular emphasis on innovative approaches and fu-
ture perspectives that distinguish this review from previ-
ous ones.

Material and methods. A review of scientific
publications indexed in international scientometric
databases was conducted. The databases searched in-
cluded PubMed/MEDLINE, Scopus, Web of Science,
and Google Scholar. The search covered articles pub-
lished between January 2000 and June 2025. The fol-
lowing keywords and their combinations were used:
“renal scintigraphy,” “kidney transplantation,” and
“allograft rejection. Inclusion criteria were original re-
search articles, systematic reviews, and clinical guide-
lines addressing the use of renal scintigraphy in kidney
transplantation, both in diagnostic and prognostic con-
texts. Exclusion criteria were case reports, conference
abstracts without full text, studies not involving human
kidney transplantation, and non-English publications.
Additional references were identified through cross-
checking citations in relevant articles.

Renal scintigraphy. Basic principles. With ad-
vancements in other modalities, renal scintigraphy’s
use and indications have evolved, especially in relation
to each modality’s capacity to clarify kidney anatomy
and assess the kidneys for illness. Scintigraphy contin-
ues to play a crucial role in assessing renal function,

even if advancements in anatomic resolution by other
modalities have reduced its use for anatomic evalua-
tion. It contributes to the assessment of bladder, ure-
teral, pylocalyceal, and renal anatomy [1, 8].

Renal graft structure, blood flow, and function are
evaluated by RS, which enables imaging of decreased
flow, blockages, or leakage. The three successive stages
of renal function are described by the different interpre-
tation methodologies, which include visual, qualitative,
and quantitative analysis: The radiotracer’s passage
through the blood vessels is depicted in the vascular
phase, also known as the flow study; the nephrons’ ex-
traction of the tracer from the blood occurs during the
parenchymal or function phase.

Renovascular hypertension, obstructive uropathy,
renal abnormalities, renal transplant, renal parenchy-
mal infections, including pyelonephritis and postinfec-
tious scarring, as well as renal and ureteric trauma, are
among the conditions that can be clinically evaluated
with nuclear medicine agents.

RS requires gamma scintillation camera systems
for RS. These devices create display images from pho-
tons released by the radiopharmaceuticals’ radiotracer.
A collimator, scintillation crystal, photomultiplier
tubes (PMTs), and a processing computer make up the
gamma camera system [8, 9]. Depending on the distri-
bution of the radiopharmaceutical, the computer of the
gamma camera system transforms the output signal into
an image. On Figure 1 we present our RS equipment
established in National specialized children’s hospi-
tal «Okhmatdyt” (Kyiv, Ukraine) (Fig. 1).

g ¢ \., 3
Fig. 1. Basic scheme of the RS block in the National specialized children’s hospital «Okhmatdyt” (Kyiv, Ukraine).

The type of renal scan has an impact on the radio-
pharmaceutical selection. Renal scintigraphy uses a vari-
ety of radiotracer agents. The most often utilized ones are:

Diethylene triamine penta-acetic acid (Tc-99m
DTPA) helps measure GFR because it can be mainly
eliminated by glomerular filtration.

Tc-99m dimercaptosuccinic acid, sometimes
known as technetium-99m DMSA. Technetium-99m
DMSA allows cortical imaging by primarily binding to
renal tubular cells in the renal cortex. It is mostly uti-
lized for cortical anatomy and the evaluation of diseases
such as renal ectopia or renal scarring because of its
prolonged binding to the cortex.

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Aiaaidy N24 (88) 2025

OpUriHOABHI HOYKOBI POBOTU 65



Original Papers

Ukrainian Journal of Nephrology and Dialysis, 4 (88)’2025

Tc-99m MAG3, or technetium-99m mercapto-
acetyl triglycine. The proximal renal tubules release the
majority of Tc-99m MAG3, with the glomeruli filtering
a small portion (about 5%). More effective extraction of
Tc-99m MAG3 from plasma results in preserved paren-
chymal activity, enabling assessment of the renal paren-
chyma. Compared to Tc-99m DTPA, it has 40% more
plasma clearance, which enhances imaging [9, 10].

RS is the precise method, dependent on serial
static or dynamic image acquisitions set up at various
points during the investigation. It usually takes one sec-
ond for a radioactive bolus inserted into an antecubital
vein to go from the aorta to the renal arteries. Serial dy-
namic pictures are obtained every one to two seconds
for a maximum of one minute in order to assess renal
blood flow. In healthy patients, the kidneys often be-
come visible in 5 or 6 seconds after injection and reach
their peak activity 30 to 60 seconds later [3-5, 8].

12
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After one minute of the renal perfusion phase, a
sequence of pictures is taken in order to assess renal
parenchymal function. With 99mTc-DTPA, images
are taken every 15—60 seconds for 3—5 minutes, and
with 99mTc-MAG3, images are taken every 20—30
minutes. The best imaging of renal architecture by
parenchymal uptake is possible at this phase. By min-
utes 4 to 8, radiotracer activity typically begins to show
up in the collecting system or bladder. After taking a
diuretic (the dosage of Lasix depends on age and re-
nal function) or walking to encourage pyelocalyceal
system drainage, the system is evaluated. Since a full
bladder restricts or delays upper urinary tract empty-
ing, patients with urinary bladder non-compliance or
difficulties urinating must have an indwelling open
bladder catheter [8].

The images obtained are used to visually evaluate
renal structure and function (Fig. 2).

Summed,Result Series [7.0min=10.0min]
YT S

Fanz
Summed Result Series [22.0 min~24.0 min]

312 5/12

Summed Result Series [24.0 min=26.0 min]
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Function C-max,

-

Fig. 2. Dynamic images from a normal functional RS.

Furthermore, the set of pictures is used to construct
a time-activity curve, which is then used to quantify re-
nal function in procedures like Tc-99m MAG3 in RS.
The computer creates time activity curves by evaluating
radionuclide activity over a region of interest (ROI).

Data is shown visually for 20 to 30 minutes fol-
lowing the injection of the radiotracer. There are three
phases in a normal renogram. The radiotracer enter-
ing the kidneys is represented by phase one, which is
referred to as the vascular transit phase. Typically, it
lasts between 30 and 60 seconds. When the radiotracer
enters the tubules, phase two, sometimes referred to as
the tubular concentration phase or parenchymal transit
phase, typically lasts for 1 to 5 min. A peak in the reno-
gram serves as its representation. A downslope in the
renogram is a sign that the radiotracer’s excretion from

the kidneys and removal from the collecting system is
indicative of phase three. Usually, it begins 4 to 8§ min-
utes after the radiotracer injection [9-11] (see Fig. 2).

Because the retained radiotracers in the renal pel-
vis complicate the renal cortical assessment, the ROI
should be limited to the renal cortex and exclude re-
nal pelvic activity when assessing renal cortical func-
tion. The renogram can be used to obtain a variety of
semiquantitative statistics, including half-time excre-
tion (T1/2), relative uptake ratios, time to peak activity
(Tmax), and 20-minute time to peak count ratios (20-
min/max count ratio) [9, 12].

Renal scintigraphy of the transplanted kidney.
99mTc-MAG3 for RS is used to assess kidney trans-
plant function, complications, and treatment monitor-
ing [13, 14]. For baseline function analysis, scintigra-
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phy is done soon after surgery. If there are any concerns
about the transplant, such as worsening function or
postsurgical complications, follow-up renal scintig-
raphy imaging is done. Renal cadaveric transplant
survival is predicted by measuring the time to peak in
99mTc-MAGS3 clearance carly after surgery. The graft
exhibits radiotracer activity when perfusion is normal.
It is evaluated in connection with the iliac vessels that
supply the normal graft [11-14].

Acute tubular necrosis (ATN) and acute allograft
rejection (AR) are the most frequent complications of
kidney transplantation. ATN typically manifests in the
first three to four days following transplantation [15].
ATN typically arises as a result of transplant ischemia
following harvesting but prior to transplantation. The
most common instance of this is in cadaveric trans-
plants. Reduced renal function and cerebral retention
are visible on 99mTc-MAG3 scintigraphy. The char-
acteristic scintigraphic findings of ATN include grad-
ual accumulation of the radiotracer in the renal cor-
tex, delayed uptake and excretion of tubular secretion
agents, such as Tc-99m MAG3, and preserved or very
slightly diminished perfusion. Since perfusion is less
impacted in grafts affected by ATN than those affected
by AR, scintigraphic perfusion criteria have been pro-
moted to help with the differential diagnosis between
ATN and AR. Also, on serial studies, progressive de-

- ‘ -
InterView" XP 3.08.006.0000

cline in function and poor perfusion are thought to fa-
vour AR [15, 16].

Similar observations of normal uptake and en-
hanced cortical retention with little to no excretion due
to impaired tubular activity are seen in renal transplant
damage from the antirejection medications [17]. Like-
wise, medication poisoning does not have a particular
imaging pattern. Although cyclosporine nephrotoxicity
can be differentiated from ATN by its correlation with
cyclosporine levels and its time of presentation, which
typically occurs several weeks after renal transplant, by
which time acute tubular necrosis should have resolved,
the scan findings seen in this condition have been re-
ported to mimic both ATN and AR [15-17].

Urine leakage and the formation of urinoma are
frequently observed as post-operative problems. Usual-
ly detected on ultrasonography, a post-transplant fluid
collection could be a hematoma, lymphocele, seroma,
abscess, or urinoma. Fever and elevated inflammatory
markers are common symptoms of an abscess; hema-
toma, seroma, and urinoma are frequently observed
in the initial days after surgery, although a lymphocele
usually appears months later. On scintigraphy, a post-
transplant fluid collection shows up as a peri-renal pho-
topenic region. Despite a slight degree of filling-in on
delayed imaging, a lymphocele appears as a persistent
photopenic region (Fig. 3).

Fig. 3. Sequential Imaging of Renal Perfusion and Function in the case of ureter obstruction.

Urinary leaks are strongly suggested by a photo-
penic region that gradually fills in with powerful radio-
tracer during the scan or by discharged activity outside
the urinary system. On the other hand, a small leak can
make it impossible to differentiate a urinoma from oth-
er fluid collections using scintigraphy [18].

Finally, renal transplant rejection may be observed
after the transplantation. Depending on when it first ap-
pears, renal transplant rejection is typically categorized
as hyperacute, acute, or chronic, with each type being
caused by a distinct mechanism. RS usually reveals de-
layed excretion, reduced absorption, and impaired per-
fusion in rejection (Fig. 4).
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Fig. 4. Sequential Imaging of Renal Perfusion and Function of the rejected kidney after the transplantation.

RS shows no renal perfusion or function within
0—24 hours of surgery in cases of hyperacute transplant
rejection. The recipient’s pre-existing antibodies to a
foreign body, in this case, cause the development of
venous thrombosis. Cell-mediated lymphocytic infil-
tration typically results in acute rejection within two to
three months. Reduced renal perfusion, as well as ra-
dioactive uptake and excretion, are revealed by RS. An
antibody-mediated process that lasts longer than three
months to years following surgery is known as chronic
rejection. In these situations, nuclear scanning reveals a
progressive decline in transplant performance and per-
fusion [15-19].

It is important to confirm urologic problems as a
distinct category of kidney transplant issues. One typi-
cal complication that may occur soon after transplant
surgery is vesicoureteral reflux [20]. Due to its non-spe-
cific symptoms, reflux is often accidentally discovered
on Tc-99m MAG3 RS while searching for a cause of
graft failure. When reflux occurs, RS typically shows a
“double peak” on the time-activity curve. The first peak
indicates the beginning of the regular excretory phase,
whereas the second peak results from radiotracer re-
entrance into the kidney due to bladder reflux. From a
visual standpoint, the radiotracer is first removed from
the collecting system and expelled from the renal pa-
renchyma [19, 20].

Additionally, the prediction of long-term allograft
function may be influenced by baseline scintigraphy
done in the early post-operative phase. Graft survival
has been found to correlate with a number of quantita-
tive measures of perfusion and/or uptake obtained from
Tc-99m DTPA and Tc-99m MAG3 RS conducted one
to four days following transplantation. According to a
recent study, quantitative evaluation of Tc-99m DTPA
perfusion scintigraphy conducted within two days of

transplantation was better than Doppler ultrasonogra-
phy in measuring the intra-renal resistance index; it was
helpful in predicting long-term graft performance for
up to five years [21].

In order to identify post-transplant problems in-
cluding vascular or urological issues, ATN, or rejection,
it is essential to monitor renal function following kid-
ney transplantation. Consequently, a more individual-
ized and patient-specific treatment plan and potential
decrease in early graft failure could be the outcome of
an imaging technique with a high predictive value for
post-transplantation problems [3-5].

Depending on the kidney graft type, - donation af-
ter circulatory death (DCD), donation after brain death
(DBD), or after living donation, and delayed graft
function (DGF), this common complication following
kidney transplantation can range from 2% to 50%. The
definitions of DGF that are most frequently used in-
clude [22]:

Dialysis-based DGF, which requires postoperative
dialysis within seven days of KTX;

Functional DGF, which is indicated by a blood
creatinine level that does not drop by 10% for three days
in a row after kidney transplantation.

RS was first used in earlier research as a technique
for DGF evaluation and/or prediction. However, be-
cause there are numerous quantitative indices and ra-
diopharmaceuticals accessible, accurate acquisition
and interpretation are challenging [18, 22].

According to studies, RS results can predict the
duration of recovery following DGF and could offer
valuable insights into identifying patients who have
further allograft pathology. This could make it easier
to take image-guided therapy decisions, which would
reduce the need for diagnostic biopsies and speed up
treatment.
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Discussion. Nuclear medicine is a fast-developing
science, and the continued development of new im-
aging and radiotracer techniques. This is promising
for improving the sensitivity and specificity of nuclear
medicine investigations in identifying problems associ-
ated with kidney transplants. Renal perfusion, function,
and anatomy are all assessed with renal scintigraphy. At
the same time, ultrasound, CT scans, and MRIs are the
main methods used to evaluate anatomy [1-3].

In terms of anatomy, renal scintigraphy is now uti-
lized in cases where a patient is allergic to the contrast
substance used in CT or MRI scans [1, 2]. When renal
function is impaired and GFR is altered, IV contrast is

not used in CT or MR scans. In these situations, nuclear
scanning agents may be employed. For claustrophobic
patients who are unable to have CT or MRI scans, renal
scintigraphy is also recommended.

A great technique for both qualitative and quan-
titative evaluation of kidney transplant performance is
RS. It helps detect complications after transplantation.
Early detection of kidney transplant function enables
prompt management choices, such as transplant re-
moval when irreversible. A patient can avoid needless
immunosuppression by having a defective transplanted
kidney removed as soon as possible [3-5]. In Table 1, a
comparison of the main imaging tools is presented.

Table 1
Comparison of Imaging Modalities for Renal and Transplant Evaluation
Feature RS Ultrasound (US) CcT MRI
Functional Excellent (perfusion, . Limited [dynamm
. Limited Poor contrast studies
assessment GFR, excretion) -
required)
Anatom_lcal Low Moderate High High
resolution
Radiation exposure Moderate None High Low [contrast-
dependent)
Cost Moderate Low High High
Contrast requirement Usually none None lodinated Gadolinium (risk in CKD)
. ) sensmve 0 Useful for hydronephraosis, Detects anatomy, Detects anatomy,
Use in transplant early functional . . B o
fluid collections complications perfusion with contrast
changes
o L|m|teq anatomy, Operator-dependent; limited Radiation; nephratoxic Expgnswe, mqtlon
Limitations small lesions may be o artifacts; limited
. functional info contrast L
missed availability
Compared to a CT scan, re-
nal scintigraphy continues to be RiSkS, Benefit
: i Y enelts
usgd in the assessment of pedl' limitations
atric renal anatomy, whether it

is normal, abnormal, or diseased,
due to its extremely minimal ra-

RS i
Scans are more sensitive than other

c . . techniques for a kid
- . ne
fila‘qon dgse. 'To offer high .qugl functional informtie, Zitragsplam, and the
ity investigations, renal scintig- P unobtainable by apy Iiernji-l from RS s ofien |
. . . . - agin, i

raphy requires a coordination ggclzarmedlcme — e gteChmqui/

. . . cedur ————
and multi-team communication time-corfssuﬁ?nze

. . . . |
between radiologists, nuclear Low radiation exposure |
medicine physicians, nuclear T}:,f fadiotracer injection
medicine technologists, and the 4y cause slight pain
and redness

treating physicians and/or sur-
geons [3-5, 19].

In conclusion, we offer a
strategy outlining the primary
risks, limitations and benefits of
the RS on the kidney transplant
(Fig. 5).

Fig. 5. Comparative analysis of the limitations and benefits of RS.
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In summary, RS uses a variety of radioactive trac-
ers to evaluate the kidneys and collecting systems.
Perfusion to the kidneys, tracer extraction from the
blood, and tracer excretion through the collecting sys-
tem can all be evaluated with dynamic renal investi-
gations. Perfusional anomalies, assessment of kidney
transplants, computation of differential renal func-
tion, study of deteriorating renal function, and exami-
nation of mechanical renal tract blockage (including
pelviureteric and vesicoureteric junction obstruction)
are among the indications.

Advanced combined methodologies will be used
in the field of kidney transplantation and RS in the
future. Acute renal rejection was shown recently to be
treated with anti-CD3 monoclonal antibodies. For the
purpose of visualizing and detecting acute renal rejec-
tion, research teams have labeled anti-CD3 monoclo-
nal antibodies with technetium-99m in several trials.
Tc-99m SHNH-visilizumab, a more biocompatible ra-
diolabelled CD3 antibody, is undergoing testing [23].
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Abstract. The shortage of suitable donor organs and the increase in the proportion
of extended criteria donors and donation after circulatory death necessitate the most
accurate possible assessment of donor kidney quality, regardless of its origin. Adequate
assessment of donor kidneys for transplantation remains insufficiently objective, as it is
impossible to predict the severity of post-transplant ischemic-reperfusion injury and the
prospects for restoration of transplanted kidney function based on standard approaches.
The purpose of this review is to evaluate biomarkers of donor kidney quality prior to
transplantation and the prognostic value of these indicators for early and long-term
graft function.

The paper considers biomarkers of donor kidney quality (blood, urine, biopsies, and
perfusate) and markers of acute damage (NGAL, KIM-1, IL-18, CXCLI10, etc.),
along with “repair” markers (uromodulin, osteopontin), proteomics, and molecular
signatures of transcriptomics. Their prognostic value for delayed graft function, primary
non-function, acute rejection, and long-term survival of the transplanted kidney is
analyzed. Therefore, the most effective approach to assessing the quality of a donor
kidney is a multiparametric approach combining traditional assessment methods and
prediction using the latest biomarkers.
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perfusion, kidney transplantation.

Conflict of interest. The authors declare no conflict of interest.
© L. Korol, I. Shifris, A. Shuba, M. Kolesnyk, 2025.

Correspondence should be addressed to Lesya Korol: lesyakorol@meta.ua

() Er-3n |

72

LLIkona Hedponora

YKPAIHCBKUIN XYPHOA HEPPROAOTTT Ta Aianizy N24 (88) 2025


https://creativecommons.org/licenses/by-sa/4.0/deed.uk
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/index.php/journal
https://ukrjnd.com.ua/
https://orcid.org/0000-0002-5484-0326
https://orcid.org/0000-0002-9413-7301
https://orcid.org/0000-0001-6658-3729
doi:%2010.31450/ukrjnd.4(88).2025.09
https://www.surgery.org.ua/
https://www.surgery.org.ua/
https://www.surgery.org.ua/
https://iht.knu.ua/en/
https://iht.knu.ua/en/
https://lutfikirdareah.saglik.gov.tr/EN,194978/our-vision-and-mission.html

Ukrainian Journal of Nephrology and Dialysis, 4 (88)'2025 Nephrology School

© Kopons JI. B., igpic I. M., IIly6a A. B., Konecauk M. O., B., 2025
VIK: 616.61-089.843-071

Kopoas JI.B.1, ITidpic I.M.1, ITTy6a A.B.2, Koaecunk M.O.!1
biomapkepu OLiHKH SIKOCTi IOHOPCHKOI HUPKH

TepxaBHa ycraHoBa «HalioHaIbHUI HayKOBUI LIEHTP Xipyprii Ta TPAHCIUIAHTOJIOTIT
iMeHi O.0. lanimoa HAMH Ykpainu»
2HaByaabHO-HAyKOBUIA LIEHTP «[HCTTUTYT GiojIorii Ta MeIUIIMHW» KUIBCHKOTO HalliOHAILHOTO YHIBEPCUTETY
imeHi Tapaca IlleBueHnka, Kui, YkpaiHna

Pe3stome. Jlegiyum npudamuux 0oHOpcoKUX 0peanis i 3p0CMAanHs 4acmKu 00HOPi6 3a pO3UWUPEHUMU Kpumepis-
mu (extended criteria donors) ma donauyicio nicas 3ynuHku Kpoeoobicy (donation after circulatory death) 3ymoearoroms
HeoOXIOHiCMb MAKCUMANBHO MONCAUBOT OUIHKU SKOCMI OOHOPCbKOI HUPKU He3aaexcHO 6i0 ii noxodiceHHs. Adekeamua
OUIHKA OOHOPCHKOI HUPKU 0451 MPAHCRAGHMAYIT 3AAUAEMbC HeOOCMAMHBO 00 €KMUBIZ08AHOI0, OCKINbKU NPOCHO3Y8A~
mu 2AuOUHY NICASMPAHCHAAHMAYUITHUX [WeMiuHO-penep@y3illHUX NOWKOOXCeHb Ma NepCcneKmusl GiOH08AEHHSA PYHKUYIT
MPAaHCNAGHMOBAHOT HUPKU Ha nidcmasi cmanoapmuux nioxodie Hemoxncaueo. Memoro yboeo oeas0y € ouinka biomapke-
Ppi6 sikocmi 00HOPCbKOI HUPKU 00 MPAHCHAGHMAYI] Ma NPOSHOCMUYHE 3HAYEeHHS UUX NOKA3HUKIB 015 paHHbOI ma 006820~
CcmpoKoeoi pyHKYii mpancnaianmama.

Y pobomi pozensnymi biomapkepu sxocmi 0oHOpcovKoi HUpKU (Kpoes, ceua, bionmamu i nepgyzam) ma mapkepu
eocmpoeo nouwkooxcents (NGAL, KIM-1, IL-18, CXCL 10 mowo), nopyu 3 «penapayitinumu» mapxepamu (Ypomooyniu,
O0CMeoNnoHMUH), NPOMEOMIKOI Ma MOAEKYAAPHUMU nionucamu mpauckpunmomixu. [lpoananizoearo ix npoenocmuu-
He 3Ha4eHHs giomepminosaHoi hyHkuii mpancnaanmama (delayed graft function), nepeunnoi nedynkuii (primary non-

function), eocmpoeo sidmoperenHs ma 00820CMPOK08020 BUNCUBAHHS MPAHCHAAGHMOBAHOI HUDKU.

Omoice, HallOinbUL eheKMUBHUM € MYAbMUNAPAMEMPUYHUI NIOXI0 OUIHKU AKOCMI 0OHOPCbKOI HUDKU — NOEOHAHe
3QCMOCYBaHH MPAOUUITIHUX Memo0die OYIHKU [ NPOCHO3YBAHHS 34 HOBIMHIMU OioMapKepamu.

KmouoBi cioBa: donopcvkuii opean, biomapkepu, saxicmv epagpma, 3ampumana QyHKUis mpaHchaaumama,

MawuHHa nepghysis, HUPKO8a MPAHCHAAGHMAYS.

TpaHcraHTalisi HUPKU € ONTUMaIbHUM METO-
JIOM JIiKyBaHHS IUISl OUJIBIIOCTI MAlLiEHTIB 3 XPOHiy-
HOI0 XBOpo6o1o HUpoK (XXH) 5 cranii, 1110 mo3uTHUB-
HO BIUIMBAE SIK Ha SKiCThb, TaK i HA TPUBAJICTh XXUTTS
Takux MauieHTiB. He3Baxkarouu Ha 3HAYHUII TIporpec y
MOKpallleHHi BMXKMBAHHS TpaHCIUIaHTaTa ITic/s mepe-
CcallKM HUPKU, OJHi€I0 3 MPoOJeM, 110 MePeIIKoIKae
VCITIIHOMY Pe3yJbTaTy, € 3poCcTaiya HeBilMOBiAHICTh
MiX JOCTYITHICTIO JOHOPCBKHUX OpraHiB Ta IOTPe0OIo
B HUX. 3pocTaiouuii TOMUT Ha JOHOPCHKi OpraHu y
MO€EJHAHHiI 3 HecTauelo OpraHiB CIOHYKaB OO BUKO-
PUCTaHHS HEONTUMAaJIbHUX MapriHaJbHUX HUPOK Bin
JIOHOPIB 3 PO3LIMPEHUMU KPUTEPiIMU 3 (PaKTopaMUu
CepLEeBO-CYIUHHOTO PU3UKY Ta JOHOPIB i3 JOHALIiEIO
miclisl 3YMUMHKM KpoBooOiry. BukopucTaHHSI Takux
HUPOK aCOIIOETHCS 3 OiIBIIT BUPA3HUM illIEeMiYHO-Pe-
nepdy3iinum nowmkomkeHHsaM (IPIT) i Bumum pusu-
KOM paHHiX MiclSITpaHCIJIAaHTAUiHUX YCKJIagHEHb,
HacaMIiepel BiATepMiHOBaHOI (DyHKIil TpaHCILIaH-
tata (BOT) i iforo mepBMHHOIO0 He(MYHKIIOHYBaHHS
(ITHT). YactuHa Takux opraHiB Bce XX TaKM BiaXuJisi-
€TBHCS «3 MIEPECTOPOTU», X0Ya BOHU IOTEHLIIITHO MOTJIU
6 n1o6pe dyHkuionysaru [1]. BinxuneHHs opraHa Bene
JI0 BTpaTu MOTEHLiHOI TpaHCIUIaHTAaLlil IS MalieH-

Jleca Kopoasb
lesyakorol@meta.ua

Ta. IMIJIaHTaLisl TaKUX <«IMCKPEIUTOBAHUX» HUPOK
MoB’s3aHa Hajalli 3 MOXJIMBUM MiCASTpaHCIJIaHTa-
LIAHUMU YCKIIATHEHHSIMU, TOCTPUM IOIIKOIKEHHSIM
Hupok (I'TTH), mianizom, iHTEHCUBHIlIOI iMYHOCY-
npecielo, BUIIOIO CMEPTHICTIO Ta 3HUXKEHHSIM JOBIO-
CTPOKOBOI'O BVIKMBAHHSI HMPKOBOI'O TpaHCIUIaHTaTa
(HT) [2].

AKicTb opraHiB € OCHOBOIO YCITIIIIHOI JOBIOCTPO-
KOBOI TpaHCIUIaHTallii. 34aTHiICTb MPOTUCTOSITU Ta Bill-
HOBJIIOBAaTU TMOIIKOJXEHHS, OIIOCEpPeAKOBaHi iMyH-
HOIO Ta HEIMYHHOIO CUCTEMOIO, a TAKOX KiJIbKiCTh He-
(GpOHIB, 110 BiAMOBIAAIOTH MiABUIIEHOMY Ta CTiHKOMY
MeTa0OoJiUHOMY MOIMUTY OAHIET HUPKU, XapaKTepusy-
10Th onTUManbHy sKicth HT 3 moTeHLiagoM mist Haii-
Kpalioro JOBroCTPOKOBOro (PyHKIIiOHYBaHHS. AKicTb
maioyTHboro HT 1ie B opraHiami goHopa Moxe OyTu
nopyiieHa d4epe3 HemiarHoctoBaHy XXH monHopa,
TpaBMaTUYHi TOJii, 110 IPU3BOAATH A0 CMEPTi JOHO-
pa, 3amnajbHe CepeaOBMIIE CMEPTi MO3KY a00 reMoau-
HaMiyHy HeCTaOiJIbHICTh Ta HE(POTOKCUUHI YparKeH-
Hd Mg yac #oro JikyBaHHs. TpaBMa HUpPKM ITim yac
TpaHCIOPTYBaHHS, 3aCTOCYBaHHS MallMHHOI nepdy3ii
(MIT) abo iMmiaHTallii MOXe 3aBAaTU IIKOAW TOHOP-
ChKiii Hupi [3].

Ha choroaHi TpaguuiitHi Kputepii 1000py HUPOK
DI TpaHCIUIaHTallii BKJIIOYAIOTh KJIiHIYHiI XapakTe-
pUCTUKM JOoHOpa (BiK, CYymyTHi 3aXBOpIOBaHHS, Te-
MOIMHAMIiKy), CTaHAApTHi JabopaTOpHi ITOKa3HUKU
(KpeaTuHiH, ceUOBMHA, TTIEUiHKOBI MPOOU, ra3u KpoBi),
Bi3yaJlbHy MaKpOCKOITiYHY OLIIHKY OpraHa, a iHoIi
iHTpaomnepauiiiHy 6ioncito 3 MOpHOMETPUYHUM CKO-
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puHroM (Hanpukian, Remuzzi-score mjis JOHOPCHKOT
Hupku) [4]. OgHaK 1i XapaKTepUCTUKU He MOBHICTIO
BimOOpaXKalTh TSKKiCTh MOIIKOMXXKEHHSI HUPKU Ta Ma-
I0Th OOMEXEeHY TOYHICTh Yy MPOTHO3YBaHHI 11 (PyHKII1
Micasl TpaHCIUTaHTAllil. ¥ KOHTEKCTi CyTTEBUX OOMe-
KE€Hb OLIHKU SIKOCTi JAOHOPCHKOI HUPKU OioMapKepu
KpPOBi, cedi Y AOHOpiB, Nepdy3iliHOI Ta KOHCEPBYIOUOL
PiIVHU MPOMNOHYIOTh MOTEHIIiHI epeBaru siK HeiHBa-
3UBHI MOKAa3HUKW TMOIIKOMKXEHHS HUPOK, SIKi MOXHa
IIBUAKO BUMipATU. BusHaueHHs1 6ioMapKepiB y TOHO-
pa Moxe OyTHM LiHHUM iHCTPYMEHTOM OLIiHKM SIKOCTi
HUPOK 3 METOIO Opi€EHTAllii HA PAaHHE YNPABIiHHS PU-
3UKOM Micys TpaHCIUTaHTalii. Ha nboMy Tii akTUBHO
PO3BUBAETHCS HAMPSIMOK MOLIYKY Ta Bajifauii 6iomap-
KepiB SIKOCTi TOHOPCHKMX OPraHiB, 110 MA€ Ha METi:
00’€KTUBI3yBaTU pIillleHHS <«IPUTHATYH/BIIXUIUTI»
opraH; Kpaie crpatudikysatu pusuk BOT ta [MTHT;
onrtuMizysatu ctpaterii MII Ta yMoB KOHcepBallii; mo-
TEHLIHO MePCOHANi3yBaTU IMYHOCYIPECilO Ta iHTEeH-
CUBHY Teparlilo peuuIlieHTa.

OcTaHHIM yacoM OyJio 3p00JIEeHO YUMaJIo CIpood
ineHTU(dikyBaTH GioMapkepu y MOHOpa, IO MOXYTh
nependayutu paHHio nucdynkuio HT B opranHismi pe-
uumienTa [1, 5, 6]. OgHak Taki migxoau MaloTh 0OMe-
KE€HY MPOTHOCTUYHY TOYHICTh IIOAO MPOTHO3YBAHHS
B®DT um itoro 1OBrocTpOKOBOI (DYHKIILii.

MeTo10 11HOTO OTJISIAY € aHalli3 CyJacHUX Ta Tep-
CMEKTUBHUX OioMapKepiB, IO 3aCTOCOBYIOThCS IS
OLIIHKM SIKOCTi TOHOPCHKUX HUPOK IO TpaHCIJIaHTa-
1Ii1, a TAKOX OLlIiIHKa MPOTHOCTUYHOIO 3HAYEHHS LUX
MOKA3HUKIB JUISI PAHHBOI Ta JOBTOCTPOKOBOI (PYHKIIi1
HT.

IlomykoBa cTpaTeria. Y 1boMy OIJISIAI TPO-
aHaJli3oBaHO CyyacHi JiiTepaTypHi JAaHi 1momo 6io-
MapKepiB OLIHKU SKOCTi JOHOPCbKUX OPraHiB mepesn
TpaHCIUIaHTali€l0 Ta iX acouiauii 3 ¢yHkuiero HT.
IMTomryk mpoBOOMBCS Yy MiXXHAPOAHUX HAyKOBHUX Oa-
3ax: PubMed/MEDLINE, Scopus, Embase, Web of
Science Core Collection, Cochrane Library Ta Google
Scholar. Crparerii nouyky aganTyBajJMCcs A0 KOXHOI
6asu (MeSH-tepminm y PubMed, Emtree/xkmo4oBi
cjoBa y Scopus Tol1110). JJ0JaTKOBO BUKOHYBAJIU PyY-
HUIl MOIIYK y CIUCKax JliTepaTypu KJIOYOBUX OTJISI-
noBux crareit Ta HacraHoB (KDIGO, ERBP, ISHLT,
ILTS). Iepiox momryky: 2010—2025 pp., 3 aKueHTOM
Ha HaitHoBili (2020—2025) nocninxeHHs, NOB’s13aHi 3
SIKiCTIO TOHOPCbKOI HUPKU, OioMapKepaMM Ta afapar-
Hoto niepdysiero. s momyky 0yau BUKOPUCTaHI TaKi
KJI04oBi cioBa ‘donor organ quality’, ‘biomarkers’,
‘kidney transplantation’, ‘ex vivo perfusion’, ‘delayed
graft function’, ‘machine perfusion biomarkers’,
‘proteomics’,  ‘transcriptomics’,  ‘metabolomics’,
‘organ viability assessment’.

Jlo aHani3y BKJIIOYAIUCS: MIPOCIIEKTUBHI I peTpo-
CTEKTUBHI KJIIHIYHI JOCTiAXEHHS; EKCIIEPUMEHTAIbHI
JOCTIIXKEHHS in Vivo Ta X Vivo Ha TBApUHHUX MOJESIX
3 YiTKUM TpaHCJSILIMHUM MOTEeHLiaJloM, MeTaaHai3u,
CUCTEMATUYHi OIJISIAW; MiXHApOAHI KJiHiYHI HacTa-
HOBU Ta KOHCEHCYCHi JOKYMEHTH; POOOTH 3 OMiKCHUX

miatgopM (mporeomika, MeTaboOJI0MiKa, TPAaHCKPUII-
TOMiKa), OLiHKA SIKOCTi AOCHiIX€eHb i PU3UKY CUCTE-
MaTUYHOI MOXUOKH.

Ha cboroaHi y KJiHiYHil MpakTULi s OUiHKU
MOTEHLIiHOro TOoHOpa SIK «0ioMapKepy MEPLIOTo IMo-
PAAKY» TPAAULIITHO BUKOPUCTOBYIOTh KPEaTUHIH KPO-
Bi y JOHOpa, pO3paxyHKOBa IIBUIKICTb KJIIyOOUKOBOL
dinprpanii (IHK®D), miypes, emekrpoiitu, AJIT/ACT,
ra3u KpoBi, ajle BOHA He 3a0e3MeuyloTh T0CTaTHbOL
MPOTHOCTUYHOI TOYHOCTI 11010 pu3uky BOT um nos-
roctpokoBoi ¢yHkuii HT. Bnponosx ocTaHHbOTO J€-
CSATWJIITTS B TPAHCIUJIAHTOJIOTIT chopMyBanucs KiJibKa
HAaMpsMiB JOCTiIXeHb 0iOMapKepiB 1 OLIHKU SKOC-
Ti OpraHiB:

1. binkosi 6GioMapKepu rocTporo yuIKOAXeHHS, SKi

BimOOpaXxalTh CTyMHiHb TyOyJSIpHOI Ta €HIOTEJi-

aJIbHO1 TPaBMM.

3amanbHi, iIMyHHi Ta KOMITJIEMEHT-3a1eXKHi Map-
Kepu, 31aTHI KiJIbKiCHO XapaKTepu3yBaTh aKTUBa-
1iI0 BPOIKEHOTO iMYHITETy A0 iMILIaHTALil.

OMIKCHI TeXHOJIOTIi: MpoTeoMika, MeTaboJIoMiKa
1 TpaHCKpMIITOMiKa TIpeiMIIaHTaliiiHuX 0io-
nTaTiB Ta mepdysaTy, 110 TO3BOJSIOTh BUSBUTHU
KOMIIJIEKCHI MOJEKYJISpHi IMiAMUCU XKUTTE3AT-
HOCTIi opraHa.

Biomapkepu mig yac MammHHOI niepdysii — pe-
aJIbHUI «CTpec-TecT» opraHa B yMOBax e€X vivo, 1110
Jla€ 3MOTY aHaJli3yBaTu JiaKTaT, (DepMEHTHU LIUTO-
JIi3y, MapKepu MIiTOXOHIpiaabHOI AUCPYHKLIT Ta
JIUHAMiKy MeTa0OJiuHUX 3MiH.

MynbTudhakTOpHiI MOJei, maHedi Ta aIrTOPUTMU
MAalllMHHOrO HaBYaHHS, 110 iHTErpyloTh KIiHiu-
Hi, n1abopatopHi, OioMapKepHi i Bidyasti3zauiiiHi
IaHi I TIPOTHO3YBaHHS pE3YJIbTaTiB TpaHC-
IIaHTallii.

Haii6inpiu monyasipHUMM Ta HAMOLABII JOCTiAXKe-
HUMMU Ha cborofHi € mapkepu ['TITH, s1xi BimoGpaxatoTs
CTYNiHb TMOIIKOXKEHHS MPOKCUMAJIbHUX KaHaJbIIiB.
Cepen HUX HaAWMOMYJISIPHili: JIiMOKaJiH, OB’ I3aHUI
3 HelTpodiabHOW XenatnuHazo (NGAL), Moyekyna
nomkomkeHHsT HUpok-1 (KIM-1), IL-18 ta 6in0k, 1o
3B’SI3y€ XKUPHIi KUCTOTH TtediHkoBoro Tumy (L-FABP).
NGAL HajlexuTh 10 NPOTEIHiB i3 POAUHU JTUMOKaNTi-
HiB, 1110 BUCOKO €KCIIPECYETHCS Y pa3i MOIIKOAXKEHHS
HedpoHiB (TyOyJSIpHOrO emiTeNilo) W IIBUAKO BUMi-
JsieThesl B ceuy abo kpoB micis IPIT Ta acouitoeTbes
3 BOT [7, 8]. KIM-1 (HAVCRI1) — TpaHcMeMOpaH-
HUI GiTOK, 3HAYHO €KCIPECYETHCS Y MPOKCUMATbHUX
KaHAJIBISIX TICHS iIeMiYHOTO/TOKCUYHOTO TTOIIKO-
mxkeHHs [9]. VY pasi noikomxeHHs KaHanbliB KIM-1
BUSBIISIETbCSL B CeYi, 1110 pOOUTH Horo creuudiyHuM
MapKepoM KaHaJiblieBOro mnoikomkeHHsa. KIM-1 y
ceui/bionTari JOHOpPA MOXe OyTHM He3aJeXXHUM TIpe-
nuktopoMm BTpatu HT. L-FABP — 6in0k, 110 3B’s13y€
xupHi kucnotu (liver-type fatty acid binding protein),
Y HUpPKax MPUCYTHI y MPOKCUMAIbHUX KaHAJIbIISX;
Mo BIUIMBOM immemii/peniepdy3ii Yu TOKCUYHOT mii
iloro piBeHb MiABUIILYETHCS B cedi. BBaxkaeTbcs, 110
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L-FABP Bino6paxae MeTabOJiYHUI CTpec Ta YLIKO-
JUKEHHS TPOKCUMaIbHUX KaHanbLis [10].

ITonpu 4yuCaeHHi MOCHiAXEeHHS OioMapKepiB y
peuumnieHTiB Ta xBopux Ha XXH i goBeaeHy ix mpo-
THOCTUYHY WiHHICTb, caMme y aoHopa (Tabauusl)
BoHM Majio pocmimxyBanucs [7-13]. Tak, NGAL,
L-FABP nokazaiu noTeHUiliHO 3HAuyylly MpPOrHoc-
TUYHY HiHHicTb aas dyHkuii HT, mo mnae migcraBu

pO3II4AaTH 1X IK NOMOMIXHI iIHCTPYMEHTHU MpU Bif-
6opi opraHa. Hait6inbm oOrpyHTOBaHUM goka3z —
st NGAL i gani L-FABP; KIM-1 mae noreHuian,
ajle KpUTUYHO OpaKye BeJIMKUX AOCIIKEHb Y JOHOP-
cbKiil yactuHi. [IpoTe, Ha ChOroOAHI, XOMEH i3 LIUX
MapKepiB 1lle He BKJIIOUEHUN Yy CTaHIaAPTU30BaHi KJTi-
HiYHi aJTOPUTMU OLIHKU SKOCTi TOHOPCHKOI HUPKU

[7, 8, 10].

Tabauys 1

Mapkepu NOUIKOIKEHHS, 3aNaJIeHHs, imeMii Ta penapamii HUPKH y TOHOPIB 10 3a00py oprana [2, 7-13].

Mapkep

OyHKuia

3acrocyBaHHg

Uuctatuu C

Mapkep dinsrpauii

MiOBMLLIEHWIA PiBEHD Y IOHOPA iHAMKATOP 3HUXEHOI
DYHKLLT, ika MOXe ByTV HeooLIIHeHa 3a piBHEM
KpeaTtuHiHy

Monekyna yLUKOIKEHHS
HUPOK-1 (KIM-1):

EKCpecyeTbes Y NOLLKOMKEHIX
MPOKCUMATbHUX KaHasbLISIX.

Bucoki piBHi B Cevi IOHOPA € HE3ANEXHNM
npeavkTopoM BOT

HentpodinbHMiA NiNoKaniH,
acouiioBaHni 3
xenatnHasoo (NGAL)

Mapkep YLWKOIXEHHS KaHanbLyiB

BUSIBNAETbCS Y CUPOBATL Ta Ceui. Floro BUCOKI piBHi y
[0HOPa KOPEeNtoTh i3 pusikomM BOT .

Ypomogynit (UMOD) Ta
OcTeonoHTiH (OPN) B cevi
[OHOpa:

Binobpaxae cnpusTivBi afanTyBHi NPOLIECH
B HMpLI

Husbke cnissigHoLeHHs UMOD/OPN (<3) y ceui
[I0HOPA aCOLIOEThbCS 3i 3HUKEHUM pusikoM BOT Ta
KpaLLIOt I0BrOCTPOKOBOK BUXMBAHICTHO HT

L-FABP (L-type Fatty Acid
Binding Protein)

BinoK, L0 CUHTE3YETLCS B MPOKCUMATIbHIX
KaHanbLsIX i BUBINbHAETLCS npw [P,

Woro pisHi acoLiiioiaTbes 3 puankoM BOT Ta
NOripLUEHHSM 1-piuHOT dyHKLT HT

Monekyna-1, Lo iHmyKyeTbes
iHTepdhepoHom (CXCL10/IP-10)

XEMOKIH, L0 € iHAMKATOPOM 3ananeHHs Ta
[PT1.

MipBuLLeHi pisHi CXCL10 y ceyi abo nepdy3aTi MOXyTb
MpOrHo3yBaTu BULLMIA pusik BOT Ta cybkniHiyHoro
BiOTOPrHeHHs HT

EninepmanbHuin hakTop pocty
(EGF)

Mapkep pereHepauii kaHanbLiiB

3HKEHHS piBHiB EGF y cevi JoHOpa acowitoeTbes 3
ripLUMM BiJHOBNEHHSM Ta MiABULLEHUM puankoM BOT

[HTepneiki-18 (IL-18):

[po3ananbHuid LIUTOKIH, acOLLii0BaHWIA 3
FOCTPUM KaHanbLieBUM HEKPO3OM.

MiaBMLLIEHHS PiBHS Y MOHOPa NporHosye BOT

HMGB1 (High-Mobility Group
Box1):

Binok, LU0 BUBINbHAETHCS NOLLKOMKEHUMM
ab0 HeKpOTYHMMM KniTuHaMu (DAMPS) i e
MOTY)XHUM areHTOM 3ananeHHs.

BuCOKI piBHi aCOLIOKITLCS 3 TKKMM iLLEMIYHIM
YLLIKOMXKEHHsM Ta BOT

CIRBP [Cold-Inducible RNA-
Binding Protein):

MapKep MOLLKOMKEHHS.

MioBuLLIEHA KOHLIEHTPALS B N1a3Mi JOHOPA € CUIIbHUM
NPeanKTopoM BUHUKHEHHS BT

NakTtatnerinporexasa, AT

BuBinbHEHHS B nepdy3iliHnii po3unH abo
B KPOB [I0HOPA CBIAYMTb NPO PyJAHYBAHHS!
KNITMHHUX MemMBpaH Ta 3arnbenb KNimH
yepes ileMito.

BukopucToByeTbea gk npeanktop BOT Ta MHT

(DepMeHTI Ni30COM
(N-aueTun-B-D-
rnoKo3aMiHasa- HAT,
ranakrosinasa)

Mapkepu YLLIKOIPKEHHS, 3ananeHHs.

MinBuLLEeHi piBHi HAT y ceyi IOHOpa KOPENowTh i3
ripwoto LLIK®, I'PB Ta BAT y peumnieHTa B paHHbOMY
nicnaTpaHCNNaHTaLinHOMyY nepiogi

AMiHOKMCAOTY (apriHiH,
OPHITUH, TPUNTOhAH).

MeTaboniuHi Mapkepu

HusbKi piBHI apriHiHy abo 1oro MeTaboniTia
aCoLiIoKTbCS 3 EHAOTENIANbHOK AMCPYHKLIEKD Ta
MOTIPLLEHHSIM MiKpOLMPKYNSILT KOPENHOKTb i3 FipLLIOKD
LLIKD, I'PB ta BOT
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VY nocnigxenHi Koo T.Y. 3 koneramu [14] y ceui
noHopa 3 I'TIH (94 monopu / 109 peuurieHTiB) BU-
3Hauasii NGAL Tta L-FABP Ta moBenu ix poJsib K
npenukTopie BOT (3 momewo ming kpusBumu ROC:
AUROC 0,758 nna NGAL Ta 0,704 nna L-FABP).
Kpim Toro, aBropamu Oyna 3anpornoHOBaHa METOAUKA
OlliHIOBaHHS J1s1 TporHOo3yBaHHS BOT Ha ocHOBI piB-
HiB NGAL, L-FABP Ta kpeatuHiHewmii. /liarHocTUuHa
edextuBHicTh ii mag nporHo3dyBaHHsd [THT (AUROC
0,808) 6yna 3rayHO Kpamoro Hix mist BOT (AUROC
0,627) ta iHgekcy mpodinto Hupku goHopa KDPI
(AUROC 0,606). PiBni L-FABP y ceui noHOpa Takox
oynu npenukropamu (pynkuii HT nmpotsirom 1 poky.
Pisenr L-FABP B ceui moHopiB OyB NMpeauKTOPOM
3HuxkeHoi ¢pyHkuii HT (P = 0.005 nas 1-piuHoi pyHK-
uii, AUROC mnsa L-FABP = 0.704). Ha nymKky pocuia-
HuKiB, Bu3HaueHHd NGAL Tta L-FABP y ceui noHo-
piB € KOPUCHUMHU OioMapKepaMu JJisl TPOTHO3YBaHHS
I'TIH, BOT, ITHT i miarBepmKyiOTh OOLUIBHICTh iX
BUKOPUCTAHHS ISl OLIHKM SIKOCTi JOHOPCHKOI HUP-
ku [14]. B inmomy nocnimkeHnHi, Reese PP [15] Ta
cniBaBTopiB, BuUuIi piBHIi NGAL T1a IL-18 y ceui go-
HOpiB TakoxX Oynu noB’si3adi 3 ['TIH y peuunieHTiB Ta
3HmKeHow ¢yHKuielo HT depes 12 micsauiB. Buuui
piBeHb NGAL y ceui toHOpa KopesoBaB 3 MiABUIIE-
HUM pU3UKOM illeMiuHoro nomkoakeHHss HT y peru-
nieHTa. PiBHi NGAL y ceui peuunientiB HT B nepuiumii
pPaHOK MiCJsl TpaHCIUJIAHTAlil Mepeadayaiu po3BUTOK
I'TTH. Ha nymky aBTOpiB, paHHE nowmkomkeHHs HT
MPU3BOAUTH N0 iHMIAbTpaLlil IMyHHUX KJIITUH Ta BU-
BiJIbHEHHSI Mpo3anajbHUX LIUTOKiHIB, 1110, UMOBIpHO,
3aIlyCKa€ aJOiMyHHY BilIMOBiAb (30UTBIIYIOUU PU3UK
TOCTPOro Ta XpoHiuHoro BintoprHeHHss HT) Ta cripu-
YUHSIE iHTepCTULianbHUI (PiOpO3, KaHAJbLIEBY aTpo-
(diro Ta rIOMepyNOCKIEPO3, IO 3PEIITO0 MPU3BOAUTH
JIo mopyweHHs ¢yHKIlii Ta nepeayacHoi Binmosu HT.
Bucoki KoHIleHTpallii 6ioMapKepiB MOIIKOAXKEHHS Xa-
pPaKTepU3YIOTh MOii, [0 MEePeaAyTh JOHAllili HUPKU Y
MOMEPJIOTO AOHOPA, BKIOUAIOUU TPAaBMAaTUYHUM €Ii-
3001, 110 TIOB’I3aHUI 3 YEPEMTHO-MO3KOBOIO TPaBMOIO,
SIKAW MOXe BKJIIOYATU TIiMMOTEH3il0 Ta BIUIUB Hedhpo-
TOKCUHIB ( KOHTPAacTy, aHTUOIOTUKiB) Mil Yac rocmi-
tajizauii [15].

OcTaHHIM 4YacoM 3’SBJSIIOTbCS  AOCHTiIKEHHS,
10 OMUCYIOTh HOBi CyyacHi Oiomapkepu ISl OLIiH-
KW SIKOCTi TOHOPCBHKOro opraHa. Tak, cepel HOBUX i
MEePCHEKTUBHUX MapKepiB € XOJO0I0BO-iHAYKOBAaHUIA
PHK-3p’s13ytounit 6inok (CIRBP), ekcmpecisi sikoro
noB’si3aHa 3 ['TIH. Pisui CIRBP y mnasmi kposi no-
HOPiB MOXYTb €(PEeKTUBHO mepeadayaT¥ BUHUKHEHHS
B®OT. CIRBP, xnacugikoBaHuii K MOJEKYISIPHUI
naTepH, MoB’s3aHuii 3 nowkomkeHHsIM (DAMP), Ha-
JIEXUTh A0 TMATPYNU TETEPOJOTIYHUX PUOOHYKIIEO-
npoteiHiB y ponuHi PHK-3B’g3ytounx 6inkiB. Takox
BiIOMUI SIK TeTepONIOTiYHUI pubOHYyKIeonpoTein AlS.
CIRBP pearye Ha pi3Hi CTpecOBi yMOBU, MOIYJIIOIOUU
crabinbHicth MPHK. CIRBP € moreHUiliHUM HOBUM
OGiomapkepoM I OLIiHKU (PYHKIii TpaHCIUIAHTOBAHO1
Hupku [16]. 3a HopmanbHux ymoB CIRBP ekcripecy-

€TbCSl HA HU3bKKX PiBHSIX Y TKAHWHAX, 1110 MPU3BOIUTH
JI0 HU3bKUX KOHLEHTpAllill y cupoBarili KpoBi. OfHak,
KOJIM TKAHWHU 3a3HAIOTh MOLIKOIXXEHHS BHACIIIOK Ta-
KUX (pakTOpiB, SIK HA3bKA TeMIIepaTypa, OKCUIATUBHUIA
cTtpec abo yabTpadiosieToBe OMPOMiHEHHSI, eKCIpecis
CIRBP 3HauHO 3pocTae B LIMTOILIa3Mi, OiJIOK BUBiJIb-
HSETHCS Y TO3AKJIITUHHUIA MPOCTip Yepe3 Ji30COMHUI
ta ek3ocoMuuii nuisixu [17]. Pisens CIRBP y cupoBart-
i KPOBi MOXKe 3pOCTaTH MPOTATOM 6 TOAWH MicC/s TO-
mkomkeHHst TkaHuH [18]. Y pasi T'TIH enitenianbHi
KJIITUHU E€KCIPECYIOTh Ta BUBIIBHSIOTH BEJIUKY Kijlb-
kicte CIRBP, 1110 mpr3BOAUTH 10 KIITUHHOI AUCGHYHK-
1ii, cOpusilouu BUPOOJIEHHIO aKTUBHUX (POPM KHCHIO
Ta PO3LIEIJIEHHIO MiTOXOHIpPiaJIbHOI JBOJAHIIOTOBOI
JAHK, iHIyKyiouu BUBIIbHEHHS 3aMajibHUX (haKTOpPiB
Ta amomnTo3, a TaKOX MPUCKOPIOIYU MPOrpecyBaHHS
I'TIH [19]. B ymoBax IPI1, CIRBP ekcnipecyeTbest BHY-
TPIlIHBOKJIITUHHO Ta BUBUIBHSETHCS B KPOBOTIK Uepe3
JII30COMHI Ta €K30COMHI ILIJISIXU, 3TOJ0M 3B’SI3yIOUKCh
3 peuentopamu TREM-1 Ta nocuiiorouu 3anajieHHS
W TIOINKOKEeHHST HUPOK [20]. BHYTpillIHbOKTITUHHU I
CIRBP Binirpae BupillaJibHy pojib Y MiATPpUMIL KJTi-
TUHHOI cTabijibHOCTI HuIsixoM crabimizanii PHK, 3a-
nobiraHHs nerpanauii PHK Ta perynsuii TpaHCKpUIILii
PHK [21]. Bayrpituabsokmitunauiit CIRBP y kinituHax
HUPOK MOXE PEeryioBaTh €KCIPECito TiMOKCisi-iHIyKOo-
BaHoro (dakropa-lo, TUM caMUM 3MEHIIYIOUM HACIi[I-
ku IPII [22]. Takum uyuHoM, piBHi CIRBP y cupoBarii
JIOHOPIB BifoOpaxaroTh MOIIKOIXEHHS HUPOK 10 TpaH-
CIUTaHTallii Ta MOXYTb CIPOTHO3YBAaTU MOXJIWBI pe-
3yJAbTaTU TpaHCIIaHTallil. JliarHOCTMYHI MOKAa3HUKU 3
po3ButkoM I'TTH as uboro Mapkepa : mioina mnig ROC-
kpuBoto (ROC-AUC) CIRBP cranosuna 0,801 (95%
AI: 0,728—0,874; P <0,001), a onTuMajbHe MOPOTroBe
3HAYEeHHSI CTAHOBUJIO 5,548 Hr/MJI, po3paxoBaHe 3a iH-
nekcoM tOneHa, 3 uyTnuBicTio 65% Ta crienudivHicTIO
83%. lleit moka3HUK OyB 3HAYHO BHUIIYM, HiX IOKa3-
HUKU KpeaTuHiHeMii y noHopa Ta KDPI. Otxe, ninBu-
meHi koHueHrpailii CIRBP y kpoBi mtoHOpa moB’si3aHi
3i 30UTBIIEHHSIM TSKKOCTi MOLIKOMXKEHHS TPAHCIUIaH-
TOBaHOI HUPKM Ta Buiiolo iimoBipHicTio BOT. CIRBP
€ He3aJeXHUM (AKTOPOM pPU3UKY Ta e(PEeKTUBHUM
npeavkropoMm BOT. B excrieprMeHTaTbHUX pOOOTaX
MoKa3aHo, 1110 BHyTpiluHboBeHHE BBeAeHHSI CIRBP Bu-
knukae ['TIH y muiieii, Toni sk BBeAeHHS iloro 6J0Ka-
topa — TREM-1 — 3Hauno 3Huxye IPIT [20]. ¥ maii-
O0yTHbOMY OsioKaTtopu, cripsiMmoBaHi Ha CIRBP, MoxyTb
OyTH BMKOPUCTAHI s JOHOPIB 3 MiABUILEHUMU KOH-
uentpauigsmMu CIRBP y mna3mi, moTeHLiiHO 3MEHIITy-
IOYY MOIIKOMXEHHS TPAHCIJIaHTaTa Ta YacTOTYy MicCJIs-
omepamiitHoi BOT.

Ille onHUM MOOMYJSIPHUM MapKEepOM € TKaHWH-
HUi iHTiGiTOp MeTanonporeiHazu-2 (TIMII-2) — pe-
TYJISITOPHUNA OiNOK, IO cKiIamaeTecs 3i 194 amiHO-
KMCJIOT 3 MOJIeKYJIsIpHOIO Macolo 0au3bko 21 k]la.
TIMII-2 mae moaBifiHY peryasaTOpHy (yHKIitO: BiH
3HUXYE aKTUBHICTb MATPUKCHOI METaJoNpoTeiHa3u
(MMII) Tta cnpusie aktuBauii npo-MMII-2. TIMII-
2 perymoe akTuBHicTb MMII, yTBOploOYM MillHUIA
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HEeKOBaJIeHTHUI 3B’s130K, 30Kkpema 3 MMII-2 (kena-
thHa3a A). [Ipo-MMII-2 moxe OyTM aKTMBOBaHa Ha
TMOBEPXHi KJIIITUHU IIUISIXOM B3a€EMO/Iii 3 FTEMOIMEKCUHO-
MOMiOHMM TOMEHOM Ta HEKATATITUYHUMMU IUTTHKAMU
memOpaHHoi MMII-1. Lleit MexaHi3M € BaxXJIWBUM
IJIS.  KJIITUHHO-OMOCEPEAKOBAHOIO KOJareHomizy Ta
PEMOJIeIIOBAaHHS TKaHUH. ¥ TKaHWHI HUpoK TIMII-2
Oepe ydacTb y peryJisilii KOMIIOHEHTIB TMO3aKJIiTUH-
Horo matpukcy (ECM), 1o € BupimaibHuM i Mif-
TPUMKHU CTPYKTYPHOI Ta (DYHKIIOHAJIBHOI LIiTICHOCTI
nupku. Excropecig TIMII-2 perynioeTbcsi Ha CTamisix
TPAHCKPUILil Ta MNOCTTpaHCKpumuii. BoHa cTumy-
JIIOETHCS LIMTOKIHAMU Ta (pakTOpaMu pPOCTY, 30Kpema
TpaHcopMmytouum daktopom pocty 6eta (TGF-B), i
MoB’s13aHa 3 PO3BUTKOM (hiOPO3y y pa3i po3BUTKY 3a-
xBoproBaHHsT HUpoK [11, 23]. TIMII-2 — 1e BaxauBa
MOJIEKYJIa, 10 PEryalo€e oOMiH MO3aKJIITUHHOTO Ma-
TPUKCa i HEOOXigHA IS YUCIEHHUX KIITUHHUX TMPO-
LIeCiB, BKJIIOYAIOUM AudepeHLialiio KIiTUH, 3aruoeb
Ta mpoJidepallilo KJIiTUH, OCOOJIMBO B KOHTEKCTi IMO-
IIKOXEeHH HUPOK. ONHi€l0 3 OCHOBHUX (YHKILiN
TIMII-2 € 610KyBaHHS aHTioreHe3y. AHTHUAHTIOTeH-
Ha akTuBHicTh TIMII-2 3ymMoBieHa SIK IOTO MPSIMUM
BIUJIMBOM Ha TpoJidepallilo eHaoTeadialbHUX KJli-
TWH, TaK i HOro 3JaTHICTIO MPUTHIYYBaTU aKTUBHIiCThb
MMII, koTpi 6epyTh y4yacTb y pEMOJETIOBAHHI CyqUH
[24]. TIMP-2 3ano6irae aktuBanii MMII-2, 110 Heo6-
XigHO st aHrioreHe3dy Ta aerpaaauii ECM. TIMII-2
TaKOX B3a€EMOJi€ 3 iHTETpUHAMU MOBEPXHi €HIOTEi-
AJIbHUX KJIITUH, MOIUDiKYIOUM IXHi CUTHAIbHI LIJISXU
Ta 3MEHUIYIOUM Mirpauito i npoJidepallito eHaoTei-
anpHUX KIiTUH. TIMII-2 3B’43y€eThCcs 3 iHTETPUHOM
o3pB1 eHaoTeniabHUX KJIITHUH, 1110 TPU3BOIUTH 0 aK-
tuBauii p42/44 (MAPK), innykoBaHOi (haKTOpOM poc-
Ty di6pobnactis-2 (FGF-2) [25].

IHmmii monmynspuuit mapkep, uNAG — cedo-
Ba aKTHUBHICTb JIi30COMHOT0O eH3uMmy N-anetun-f-D-
rmoko3aMiHasu (HATD). EH3uM MicTUTBCS B KJIITMHAX
MPOKCUMATbHUX KaHAIbLiB HUPKU. Uepe3 BeIuKy Mo-
nexynsipHy Macy (> 130 kJla) HAT 3a3Buyaii He inb-
TPYETHCS KITyOOUKaMU — MiNBUIIEHHS ii PiBHS B Ceyi Bi-
Jnobpaxae pyiHYBaHHS J1i30COMaIbHOI MeMOpaHu KJli-
TUH MPOKCUMAJIbHUX KaHAIbLIB. B HOpMi ceya MiCTUTh
Jy>xe HUu3bKi piBHI HAI', 3HauHe minBUIIEHHS €KCKpeLlil
BKa3ye Ha BuBiIbHeHHs HAI y mpocBsit HedpoHy, 1110
CBITYUTH MPO MOLIKOMXEHHS MPOKCUMAIBHUX KaHATb-
1iB. uNAG BUKOPUCTOBYEThHCS SIK paHHiil MapKep TyOy-
JIIPHOTO YIIKOMXXEHHS, 1€ 10 3pOCTaHHS aJlbOyMiHYpil
yn 3MiH éGFR. Moxe MOmoMOrTH B OLHIL TSKKOCTI
niabetTuyHoi Hedpomnarii, 3anaieHHs, IgA-Hepponarii,
I'TTH, moxe OyTy BUKOPUCTAHUM 111 MOHITOPUHTY TYy-
OyJIIpHOTO CTpecy Iic/asl TpaHCIJIaHTallil HUPKU abo B
cuTyarlisix HepoTokcuaHocTi [26-31].

Komanga Mao YJ 3 kosieramu, OLIiHIOIOUM PiBHi
TIMII-2 y cupoBatui KpoBi goHOpiB Ta UNAG mpo-
JIEMOHCTPYBaU iX MPOTHOCTUYHY LiHHICTb JJISI 3HU-
xeHoi ¢dyHkuii HT: mioma nig KpuBUMU peliunieHTa
(AUROC) ans TIMII-2 ta uNAG cranoBuia 0,714 ta
0,779 BinnoBigHo. Kom0OiHOBaHa MoAeab MPOTHO3Y-

BaHH# piBHiB TIMII-2, uNAG Ta KpeaTHHiHY B CUPO-
BaTLi KPOBi HaliKpallle BiAMoBigajia MokKa3HMKaM 3HU-
xeHoi ¢yHkuii HT. PiBui TIMII-2 y cupoBaTui KpoBi
Ta uUNAG n0HOpa € KOPUCHUMU MPOTHOCTUYHUMU Oi-
OoMapKepaMU, OCKITbKHA MOXYTh 3a0€3MEUYUTH TPOTHO3
s3HmkeHol pyHkuii HT Ha ocHoBi nanux noHopa [32].

CyyacHUMU Ta TepCNEKTUBHUMU MapKepamu €
OCTEOIOHTUH Ta ypoMmoaydiH. OcteonoHTUH (OPN) —
cekpeToBaHUM TriikomnpoteiH 44—75 x/la; Ginok mo-
3aKJIITHHHOTO MAaTPUKCY, IO €KCIPECYEThCSI MaKpO-
¢aramu, emniTesieM HUPKOBUX KaHAJbIIiB, OCTEOKJIAC-
TaMU, iIMYHHUMU KJIiTUHAMM; € TUIEHOTPOITHOIO MO-
JIEKYJIO10 3amnajieHHs, (pidpo3y Ta MyXJIMHHOIO POCTY.
Bin aktuBye wmakpodaru, Heitpodinu, Thl/Thl7,
CTUMYITIOE npoayKuio 1L-6, hakTopa HEKPO3y MyXJIMH
(TNF-o) Ta ctumyiloe nOpoaykililo ¢pakTopa pocTy
enporenito cyiudH (VEGF), aktuBye ¢iopobiacTu,
cnipusie HakonuueHHio kojareHy I/III. OPN 3axu-
mae KriTuHY Bix anmonTo3y yepe3 PI3K/Akt ta NF-xB
uissxu. OPN excripecyeTbcsi B HOpMalbHUX HUPKAX
Ta TEpPeBaXXHO OOMEXEHUN TOBCTUMU BUCXiTHUMU
KiHOiBKamu nieT/1i ['eHile Ta gucTajJbHUMU 3BUBUCTH-
mu KaHajgbusgMu. OPN akTUBHO MiABUILYETHCS MPU
T'TTH, XXH, BintroprHeHHi HT, HUpKOBiii KapuMHOMI,
MeTacTa3ax Ta myxJauHHil rinokcii. OPN 6epe yyacTtb y
OaraTbox 0i0JIOriYHUX MpoLIEcax, BKIIOYAOUU MiHepa-
JIi3allito KiCTOK, iMyHHi peakllii Ta pO3BUTOK MyXJIVH.
IMigsunieni pieHi OPN MoxyTh OyTH MapKepaMu 3a-
MaJbHUX MPOLECiB, IO CYMPOBOIXYIOTh PO3BUTOK
pi3HUX 3axBopioBaHb. Y pa3i po3Butky ['TIH icHye
3B’s130K Mix ekcrpecieto MPHK i OPN. IlinBuieHa
iHDinpTpanis Makpodaramu, a TakoxX iHMIIbTpalis
CD4 ta CDS8 nop’s3aHi 3 Bucokolo ekcripeciero OPN
y Hupkax. OPN Bukiukae akrtuBauio NfB, mo moxe
CIIPUYMHUTU MOIIKOMXKEHH KIy6oukis [33-35].

VYpomonynin (UMOD) — ue miikonpoTeiH, 110
BHPOOJISIETBCS emiTesieM HUpoK. Moro crpykrypa Ta
(YHKIIIT 3HaXOAAThCS Mil TECHETUYHUM KOHTpPOJIEM, a
3MiHU B reHax abo mopyiieHHs BupobiseHHs UMOD
MOXYTb MPU3BOJUTU OO0 PO3BUTKY 3aXBOPIOBaHb HU-
poxk (tyOynomnariit). BiH NpoayKyeTbcsl KIiTUHAMU
TOBCTO1 BUCXiTHOT YaCTUHU neThi ['eHne, miaTpumye
BOJTHO-COJIbOBUI OajlaHC, MOMYJALi0 iMyHHOI Bif-
MoBimi, 3aXUCT Bim iHeKIili ceyoBUX LLISIXiB, Mae€
aHTMOKCUIAHTHI BJIACTUBOCTI, 3aMo0ira€ yTBOPEHHIO
KaMeHiB y HUPKax i MpoTUAi€ 3anaieHHI0. 3HUXEHHS
koHueHTpauii UMOD y ceui mpomnopuiiiHO A0 3MEH-
IIeHHSI yuciaa Ta (QyHKIil HehpPOHiB, a HU3bKI PiBHIi
noB’s3aHi 3 Ginbin Baxkumu cragismu I'TIH [36]. B
nochaimkeHHi, Mansour SG 3 kojieramMmy, BU3Hayajlu
crniBBigHomeHHst UMOD/ OPN y cedi moMepJioro ao-
Hopa. ABTOpU AOCHiIKE€HHSI JOBEJU OOLIJIbHICTb BU-
3HAUYEHHS 1[MX NPOTEiHIB Ta iX CHiBBiAHOILIEHHS, IKE Y
pa3i UMOD:OPN <3 cBiguujo npo 3axucHuil edexr,
HUX4YU pU3KUK po3BUTKY BDT, Buiny 6-micsaHy
plIK® Tta moxpameny BrxusaHicte HT. Ile mo3Bo-
JIWJIO iM 3ampOTNOHYBAaTU BUKOPUCTAHHS LILOTO CITiB-
BiITHOLIEHHS JJIs1 TOTIOBHEHHS iCHYIOUMX MPOTOKOJIiB
OLIiHKU SIKOCTi HUpOK [37].
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HMGBI1 — HerictoHOBUli sigepHuii 6inok (25—
30 x/la), o BUKOHYE posb DAMP-Monekyau, Bu-
BiJIbHSIETHCS Y MO3aKJITUHHUI MPOCTIp y pa3i YLIKO-
JUKEHHS KJIIiTUH, akTuBye peuentopu TLR2, TLR4,
RAGE, 3anyckarouu 3anajeHHsi, akTUBYE MMpo3arnaib-
Hi umrokinu (IL-1B, 1L-6, TNF-a), 3amyckae cte-
pWIbHE 3aMajieHHs, MiACWIIOE Mirpailito Mmakpodaris,
HelTpodinis, T-kniTUH, OGepe yyacTb y po3BUTKY i-
6po3y. HMGBI1 — onuH 3 roIoBHUX MapKepiB iniemii-
penepdyaii, TOCTPOro Ta XpOHIYHOIO IMOIIKOMAXKEHHS
HUPOK, CUCTEMHUX 3amajbHUX cTaHiB. IlimBUILEHHS
HMGBI koncratoBano npu: I'TTH, IPII, niabeTuuHiit
Hedponarii, cencuci, [gA-Hedponarii, TyOya0iHTEP-
cruLianbHoMy 3ananeHHi [38]. Ockinbku JOHOPCHKA
HUPKa MPOXOJUTh YEPE3 XOJOAHY Ta TEILTY illleMilo, TO
e Bukiankae macosuit Bukuag HMGBI y pasi penep-
dy3ii i 3amyckae paHHE CTepuJbHE 3amajeHHs, aKTu-
Ballil0 AEHAPUTHUX KJIITUH, iHDiNbTpalilo Makpoda-
ramu, aktusalito jaHku TLR4 — NF-kB — uurtoki-
HOBUI Kackafd. 3HauHe 30inbieHHs piBHa HMGBI1 y
CHUpOBATIli KpoBi JoHOPa Kopeioe 3 BOT. MoxnBoio
MPUYMHOIO € Te, 1o migsuuieHHs BMicty HMGBI1 y
KpOBi IOHOpA CIpUsI€ PO3BUTKY 3anajieHHs yepe3 TLR
Ta RAGE-peuenrtopu, i, TaKuM YAHOM, MOXE TMOTip-
LIyBaTHU SIKiCTh NOHOPChbkUX HUpok. HMGBI1 y cupo-
BaTLi KPOBi JOHOpPA € MAPKEPOM illIEMiYHOTO MOIIKO-
JKEHHST JOHOPChbKUX HUPOK [39].

YKL-40 (takox Binomuii sk mpotein CHI3L1) —
e raikonpoteiH nmpubausHo 40 xJla, MpoayKT reHa
CHI3L1, Hanexuth A0 CiMeiicTBa XiTUHA30-MOAI0OHMX
nporteiHiB (chitinase-3 like protein 1), o 6epe yyactb y
Mpollecax 3anajeHHs, BiTHOBIEHHI TKAHUH Ta PO3BU-
TKy paka. BiH He Mae KaTaJiTUYHOI aKTUBHOCTI XiTH-
Ha3u. BupoOssieTbcs pisHUMU KJTiTUHAMU: Makpoda-
ramu, HelTpodisamMu, eHAOoTeNiaJbHUMU KIiITUHAMU,
M1aAKOM SI30BUMM KJIiITUHAMU cyauH, ¢idpobdiacto-
noaioHumu kiaituHamu. YKL-40 6epe yyacth y npo-
liecax 3amnajeHHs, PEMOJEIIOBAHHS MO3aKJIiITUHHOTO
MaTpUKCY, arloNTo3i/BKMBAaHHI KJIITUH, aHTiOTEeHEe3i.
IMinBuiena koHnueHTpalisgs YKL-40 y ceui abo nnasmi
€ MapKepoM MOIIKOIKEHHS KaHAJIbIIB YU MiKPOLIUP-
KyasitopHoi nucdyHkiii Hupku [40]. KoHueHTpanist y
ceui YKL-40 > 5 Hr/mu1 y rocmiiTaii3oBaHUX Malli€eHTIB
acouitoBajnacs 3 nporpecieto I'TTH. TlinBuieHHsT KOH-
uentpanii YKL-40y mazmi/cedi crioctepira€Tbest mpu
3anaibHUX i GPiOPOTUUYHUX 3aXBOPIOBAHHSIX. Y peLUIi-
€HTIB JOHOpPCchbKUX HUPOK i3 I'TIH minBuileHa ceuyoBa
koHueHTpauis YKL-40 kopentoe 3 KpaliuMm BiJHOB-
sneHHsaM ¢yHkuii HT. Puthumana J Ta koneru y cBoe-
MY AOCJIiI>KeHHI BUMiptoBaK KoHIeHTpalio YKL-40
y ceui y 1301 monopa (111 manu I'TTH, mo Bu3Hauya-
€TbCS SIK TOJBOEHHS KPEaTUHIHY B CUPOBATIIi KPOBi)
Ta BCTAHOBUJIW Pe3yJbTaTh y 2435 pelurieHTiB, y 756
3 gkux crnoctepiramacs BOT. Jonopu 3 I'TIH mamm
Buily koHueHTpauilo YKL-40 y ceui (P<0,001) Ta
rocTpuii KaHajblLeBUil HeKpo3 y Giontarax (P=0,05).
IMinBuineHa koHueHTpauis YKL-40 y ceui moHopa
Oyna moB’s3aHa 3i 3HmxkeHuM BOT 5K y peunmieHTiB
JIOHOPCHKUX HUPOK 3 TOCTPUM MOIIKOIKXEHHSIM (CKO-

puroBaHui BimHocHUi pusuk, 0,51 [95% noBipuuii
intepsan (95% J1), Bin 0,32 no 0,80] mist HalBUIIIOTO
npotu HaiHuxk4oro teptwist YKL-40), tak i y peuu-
Mi€EHTIB TOHOPCHKUX HUPOK 0€3 iX FOCTPOro MouIKOo-
JUKEHHS 1e B OpraHi3Mi TOHOpa (CKOPUTOBAHWI Bil-
HocHuit pusuk 0,79 [95% M1, Big 0,65 no 0,97]). Kpim
Toro, y Bumagky B®T, mimBumieHa KOHIICHTpAIlis
YKL-40 y ceui noHopa OyJia moB’si3aHa B MOAAIbILIOMY
3 BULIOIO 6-MicsguHolo pLLIK®D (6,75 [95% /1, Big 1,49
10 12,02] mi/xs Ha 1,73 M2) Ta HIKYUM PUSHKOM Bill-
toprHeHHs1 HT (ckopuroBaHuil Koe@illieHT pU3UKY,
0,50 [95% A1, Bing 0,27 mo 0,94]). Lli pe3yabraTu cBin-
yaTh npo Te, 1o YKL-40 BupobisieTbecs y BilOBiAbL Ha
TMONIKOMXXEHHSI KAaHAJbLIB i He3aJexXHO IMOB’SI3aHU
3 BinHOBneHHsSM (yHkil HUpku micias ['TIH ta BOT
[41].

Ypununaudocdarriokoza (UDP-Glc) — Hykie-
otua-caxapun. Kpim MetraboniyHoOi posii (CUHTE3 IJli-
KOT€HY, TaJlaKTO3U, TJIOKYPOHATHUX MOXiTHUX), BOHA
Billirpa€e posib €KCTPALICTIONSIPHOTO CUTHAJIBHOTO METa-
001iTy: y pa3i MOLIKOIKEHHS KJIITUH BUXOIUTh Y MiX-
KJIITUHHUI TPOCTip/cedy Ta aKTUBYE PELENTOPU, 30-
kpema P2Y14-receptor, mo aktuByeTrbcsi UDP-sugars,
3okpema UDP-Glc, i 3anmyckae iMyHHO/3amaabHy Bifl-
noBiab [42]. UDP-Glc Bigirpae 3HauHy poJjib y Mo3a-
KJIITUHHINA CcuUrHaji3allii, MoB’s3aHili 3 MOILIKOMXEH-
HSIM TKAHUH, i 30epirae cTabibHIiCTh JIs1 BUSIBJICHHSI.
UDP-Glc — ue Mojekynaa MOJEKYISPHOTO MaTepHY,
SIKa BUBUIbHSIETBCS IMOLUIKOMKEHUMHU KiitTuHamu [43].
V¥ pasi nminBumieHHs: koHueHrpauii UDP-Glc — Bucty-
nae sk «MoJjiekyna Hebesneku (DAMP)». € mapkepom
KaHAJIbIIEBOTO CTPECY/MiKPOCYIMHHOTO YIITKOIKEH-
Hs y Hupui. UDP-Glc cunTe3yeThCcs B LIUTOIIA3Mi Ta
TPAHCIIOPTYETHCS 10 €HAOIIA3MATUYHOTO PETUKYTYMY
Ta anapary ['onabaxi, Je peryjioe CMHTe3 BYIJIEBOIIB,
JIIIOYM SIK CyOCTpaT ISl MOJIETIIeHHST peakliil Tiko-
suoBaHHsA. UDP-Glc € eHnoreHHUM 30yAHUKOM pe-
uentopa P2Y14, nos’sa3anoro 3 G-6inkom [44]. Kpim
TOrO, LIeH peuenTop y JIOJAUHU eKCIIPECYETHCS Yy BUCO-
KUX PiBHSIX Y XUPOBiii TKAHWHI, HUTYHKY, HUDKaX, KU-
LIEYHUKY, MIEBHUX AUISTHKAaX MO3KY, CKEJIETHUX M’S3aX,
ceJie3iHli, JereHsx Ta ceplii. AktuBauis P2Y14 cnpusie
iHbUTbTpaLii HEHTPODdLTIB, 3aTyYEHHIO MOHOLUTIB Ta
Makpodaris, a TAKOX aKTUBallil iIMyHHOI BilMOBii, 110
3pENITOI0 TPU3BOAUTH A0 MOIIKOMIKEHHST TKaHUH [45].
IHTepkanboBaHi KJIITUHU y 30ipHill MPOTOLI HUPKU Ii-
10Tb 51K ceHcopu Ayt UDP-Glc, i konu peuentop P2Y14
Ha IXHill anmikajbHiii MeMOpaHi aKTUBYEThCS, iHTEPKa-
JIbOBaHi KJITUHU BUPOOJSIIOTh XeMOTAKCUYHI LIMTOKi-
HU, 110 NMPUBAOIIOI0TE HEUTPODLTU 10 HUPKU, BUKIU-
Karouu 3anajieHHst Hupok ta moyarok I'TTH [46]. PiBeHb
UDP-Glc y cedi noHopa Moxe OyTW BiIMOBIAHWM Ta
edexTBHUM GioMapkepoM st porHO3yBaHHS BOT.
HoomnepauiitHi pieHi UDP-GIc y ceui noHOpa Biapi3HsI-
I0ThCS Y MOJATBIIOMY MiX PELIUITIEHTAMU 3 HEraitHOIO
(yukuiero, ynosinbHeHol0 a60 BDT. Pisenr UDP-
Glc y ceui moHOpa € He3aleXHUM (PAKTOPOM PUBUKY
possutky BOT (BII = 1,741, 95% MA1: 1,311-2,312, p
< 0,001). Kpim Toro, pienb UDP-GIc y ceui noHopa
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Mae Kpally MporHOCTUYHY LiHHICTh st BOT y micns-
TaHCIIaHTaLiiHOMy Tiepioni (AUROC = 0,791, 95%
Al1:0,707-0,875, p <0,001). Konuentpauiss UDP-Glcy
ceydi IBUIKO 3pocTae Ha paHHix ctafisx ['TIH, a mo3a-
kiniTuHHU piBeHb UDP-Glc nemoHcTpye BUCOKY CTa-
oinbHicTh. OTXe, piBeHb UDP-GIc y ceui foHOpa € He-
3ayiexXHUM (pakTopoM pusuky po3Butky I'TIH Ta moxe
HaaTU XipypraM MOXJIMBICTb JUIsl OiIbIIl pAHHBOTO Ta
TouHOoro nporHo3dyBaHHs ['TIH 6e3 iHBa3uBHUX Mpole-
nyp [46].

BigoMo Takox, 110 ycmiX TpaHCIJIaHTallil HUPKU
MOXe OyTM CKOMIIPOMETOBaHUU OaraTbMa (akTopa-
mu [3]. 1o Toro X, GyHKIIisi HIPOK CUJTbHO 3aJIeXXUTh
Bill agekBaTHOI CyAMHHOI (DYHKIIIi, i 1le 0COOJIMBO aK-
TyaJIbHO, BpPAaXOBYIOUM 30UTbIIIEHHS BUKOPUCTAHHS
MapriHaJbHUX JOHOPiB HUPOK. Tomy ocobiuBa yBara
NPUAIISETbCS AOCHIIKEHHSIM CYIWHHUX OioMapke-
piB. ¥ nocnigxeHHi Garcia-Rojo E Ta xoser y mia3mi
JNIOHOpa BuMiptoBapu KoHieHTpauii TNF-o, acume-
TpuyHOro numetwiapridiny ta Orail. TNF-a — kito-
YOBUI mMpo3anajbHUN LMUTOKiH, SIKUU MPOAYKYIOTh
Makpodarv, MOHOLIUTUA Ta €HAOTENii y BiAMOBiAb HA
cTpec, ilemito Ta cucteMHe 3anaieHHs. [linBuileHHs
TNF-0 y moHopa (0co6i1BO y AOHOpaA i3 CepLEBOIO
CMEPTIO) CBIAYUTH MPO CUCTEMHY 3amajbHy peaklliito,
TUIIOBY [IJI TPUBAJIOI TocHiTaji3alii abo KaTexojami-
HOBOTO LITOPMY Tepen 3a0opom opraHa. [ligBuuieH-
Hs1 TNF-o y noHOpa — Gifnblile eHaoTeTiadbHE YIIKO-
JIDKEHHSI, aKTHUBallisl IMTOKiHIB Y HUPKOBOMY MiKpoce-
penoBulli e a0 nepecaaku. lle mow’si3aHO 3 pU3U-
koM BOT y peunnienta. TNF-a ninBuiye excrnpeciio
anresiitHux mosekyn (ICAM-1, VCAM-1), 3anyuae
HelTpodinu. Hupku Big noHopis 3 Bucokum TNF-a
B KPOBi MalOTh BUILMUIA PU3UK FOCTPOTO TYOYJISIPHOTO
HEKpPO3y Ta MEHIIl BUpPa3He PaHHE BiTHOBJIEHHS (PYHK-
uii HT. AcuMmeTpuyHuUii TUMETWIAPTiHIH — €HJAO0TeH-
Huit iHri6itop NO-cuHTa3u, 1o nopyurye cuHtes NO
Ta BUKJIMKAE €HAOTeNialbHy IUCHYHKIIIO. Y TOHOPIB
HUPOK 3 TPUBAJIOIO FOCITiTATi3alli€l0 UM TeMOUHaAMIY-
HUM CTPeCcOM IiABUILEHUI HOro piBeHb BimoOpaxkae
CTYyNiHb MiKPOCYIUHHOIO YIIKOMXEHHS Ta illemii, a
TaKOX acOULIOEThCS 3 BUIIUM pusukom BOT y penu-
mieHTa. Orail — e MeMOpaHHUIA KaJblLi€BUI KaHal,
akuit popmye mopy CRAC-kanany (Calcium Release-
Activated Calcium channel) y niasmaTuuHiit Memopa-
Hi KJIiTUH, 3a6e3reuye Bxig KanbLio (Ca?") y KiiTuny
MicJs BUCHAXEHHS 3amaciB KaJbllil0 B €HIOMIa3Ma-
TUYHOMY PETUKYIyMi, akTUBYeThCcs OinkoM STIMI,
KPUTUYHO BaxJIMBUUN s aktuBauii T-miMdouuris,
MPOAYKIIii LUTOKIHIB, TMpofidepallii KIiTUH, Mirpa-
wii ¥ axgresii, KajabLili-3aJeXXHUX CUTHAJAbHUX IIJIsSI-
xiB (NFAT, NF-kB, MAPK), 6epe yuactb y ¢idopo3i,
KaJbllieBOMY TOMeOCTa3i, akTuBye mpoaykiiito IL-2,
IL-6, TNF-o yepe3 Ca?™-3anexHi nuiaxu. Excripecy-
€TbCsl iIMyHHUMU KiiTuHamu (T-niMdouutu, Makpo-
(haru), eHmoTeNialbHUMM Ta eMiTediaIbHUMU KIIiTH-
HaMM, HUPKOBUMU KaHAIbUSIMU, KIITUHAMU TTyXJIVH.
B manomy nmocnimkenHi Garcia-Rojo E 3 koneramu
ekcrpecito 6iika Orail mapaneabHO OLIHIOBAJIU B a0p-

Ti KoxHoro aoHopa. PiBenp Orail y mtasmi qoHOpiB
HeraTMBHO KOPEJII0BaB 3 CYIMHHOIO (DYHKIIIE€IO Ta IPO-
rHo3oBaHolo ¢yHkuiero HT depe3 3-6 micauiB micis
TpaHcmiaHTalii. Bmict cynunHoro Orail y moHopiB
OyB MOB’sI3aHU I 31 3HUKEHOIO CYAMHHOIO (DYHKIII€I0 Ta
ripuioto dyHkuiero HT y peuunieHta npotsirom 1 poky
nicis TpaHcmianTauii. CynuHHa QyHKIiS JOHOPIB Ta
(YHKIIiST HUPOK PELMITIEHTIB HETaTUBHO KOPEIIOIOTh
3 ekcnpecieo cynuHHoro Orail, gkuii € MOTeHLil-
HUM O6ioMapKepoM «HUPKOBUX» HACHTIIKiB TSI JOHOP-
cbkoro opraHa. PaHiue 0yi1o nosinomaeHo, mo Orail
Oepe yyacTb y mpoJidepaliii Me3aHTrialbHUX KJIiTUH,
a TaKOX OMNOCEPENKOBYE 30ibLIEHHS (haKkTOpa poCTy
diopodnacti-23 (FGF-23). Excnpecig Orail B aopri
y DOHOpIB OyJa moB’s13aHa 3 Hik4oo LHIIK® y perurmi-
€HTa HaBiTh micas 12-MicssYHOro Mepioay Mmicjisi TpaH-
cnnanTauii. e minTBepakye KoHuemniito, o Orail €
KJTIOYOBUM (DaKTOPOM MJISI XapaKTePUCTUKU CYTUHHO-
ro ¢GbeHOTUMY AOHOpa Ta MPOTHOCTUYHUM MapKepoM
dbynkuii HT [47].

B nocnimxenni Baboudjian M Ta xoner 3a yuac-
Ti 47 DOHOpIB 32 PO3LIUPEHUMU KPUTEPISIMU 3 BU-
KOpUCTaHHSIM TinmorepMiynoi MII Busnavanu IL-6,
IL6-R, ICAM, VCAM, TNFa, IFN-g, CXCLI1 Ta
(pakTankiH B KpOBi JOHOPiIB Ta BIPOAOBX MEPIIOrO
TUXHS TiCA8 TpaHCIUIaHTallii. ABTOpU BCTaHOBWIH,
mo ouiHka piBHiB VCAM mepen TpaHCIUIaHTAL€O
MoXe OyTH LiHHKUM ToKa3dHukoM ctaHy HT Ta ineHTuH-
dixyBatu nuisix VCAM-CDA49d sk milieHb 1151 oome-
JKEHHSI ITOB’I3aHOT0 3 IOHOPOM (CYAUHHOTO YPaKE€HHS
MapriHajabHux opraHiB). [ligBumenuii pisenp VCAM
y pinuHi ais koHcepBaulii HT € He3anexHuM mpen-
UKTOPOM pPaHHbOI Horo mucdyHkuii. 3anaibHi K-
TOKiHU, XeMOKiHU ab0 MOJIEKYylIu aares3ii JeWKOIUTiB
MOXYTb BigjoOpakaTu IOB’s13aHi 3 JOHOPOM IIKiAIUBI
CTUMYJIU, SKi poOsdaTh cynuHHy cuctemy HT Oinbiu
cnpuitHgaTiauBoo ao IPII, BiuBa4YM TaKUM YMHOM
Ha paHHIO ioro auchyHkKuio. byjio BUsBIeHO 3HAUYHY
kopensanito Mix piBHIMU VCAM Ta paHHBOIO JHUC-
dyukuiero HT. Lleit 3B’30K, 1IBULIE 3a BCE€, BUHU-
Ka€e mig yac TpuBaioi xojiogooi imemii. PiBHi VCAM
y niepdy3ati 3Ha4HO 3pOCTaIM 3 YACOM, 1110 BKa3ye Ha
Oe3nepepBHE BUBIIbHEHHS 1LIi€T MOJEKYJIU 3 i30J1bOBa-
HOI1 HUPKMU Mif 4ac xojoaHoro 30epiraHHs. Ha nymky
aBTopiB, migBuileHi piBHi VCAM mnoB’s13aHi 3 niaBu-
IIEHHSM PErysilii iHIIUX MapKepiB eHA0TeTiaIbHOTO
3amayieHHs1, Takux K ¢dpakrankid, ICAM Tta IL6-R.
Ho toro x, migsuuieHi piBHi VCAM TakoX MOXYTb
OyJIM MOB’s13aHi 3i 3HMXKEHOIO aHTiOT€HHOIO aKTHUBHiIC-
Tio [48].

Ile onvH cyyacHUll Ta MepCreKTUBHUIN Oiomap-
Kep, CUHAEKaH-1, 3HaXOAUTHCS B EHIOTETiaIbHOMY
IJIIKOKATIKCi Ta 3 BUCOKOIO IIBUIKICTIO BUALISETHCS
B KPOB IIijl 4YaC CUCTEMHHUX MATOJIOriYHuX cTaHiB [49].
CunpexkaH-1 (Syndecan-1, SDC1, CD138) — TpaHc-
MeMOpaHHUI TrenapaHcyibdar-MpoTeoriiKaH, eKc-
MPECYEThCS Ha eMiTeliaIbHUX, MIa3MaTUYHUX Ta €H-
JMOTelialbHUX KJIITUHAX, BaXJIUBUU it Oap’e€pHOI
(yHKIIT TTiKOKaJiKCy, KIITUHHOIL aares3ii, aHrioreHe3y
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i 3ananeHHs. SDC1— BaxJIMBUI MapKep MOLIKOIKEH-
HSI €HIOTENiaTbHOTO TIiKOKAKCY, 10 € KPUTUUHUM
npu I'TTH, XXH, imewmii-penepdy3ii, MiKpoCyIUHHIi
nucdynkuii. ITigsuimenHs sSDC1 (po3uuHHOi dop-
MM y KpOBi/ceui) o3Haua€e nerpajaliio riIiKoKartiKcy,
AKTUBALIiIO 3aMajJeHHs, EHAO0TeliaJIbHE YIIKOIKEHHS,
MiABUILIEHY MPOHUKHICTh MiKpoUMpKysuii. Navratil
P. ta xoneru [49] y OmZHOLIEHTPOBOMY OOCIiIKEHHI
piBHiB SDC1 y cupoBariii KpoBi 1oHOPiB (56% 3 sIKUX
Oy/v 3 PO3LIMPEHUMU KPUTEPISIMU ) BCTAHOBWIH, 11O
Bulli piBHi SDCI1 kopentoBaiv 3 OCTAHHIMU PiBHSAMU
KpeaTuHiHy nepen 3abopoM opraHiB i OyJu BUILMMU
y noHopiB 3 I'TTH. Otpumani gaHi cBigyaTb mpo Te,
mwo SDCIMoxe 6yT NOTEeHLIHUM OioMapKepoM st
OLIIHKY SIKOCTi HUPOK JIOHOpA.

Ceuosuii aikkond 3 (uUDKK3) — ue mapkep, 110
BUBUIBHSETHCS EMiTENialbHUMU KJIITUHAMU KaHAaJb-
IiB HUPOK, Mapkep iHTepcTuliaibHOro ¢didposy Ta
kaHanbleBoi arpodii. uDKK3 takox Moxe nepen-
OauaTtu BTpaty (pyHKuii HUpok. Fallois J. Ta cniBaB-
TOpU JOCHiIXyBaau BIIMB 3MiH piBHiB uDKK3 no-
HOpa Ha SIKiCTh OopraHa Ta 3B’430K 3 dyHkuiero HT B
Maii0yTHbOMY, 3aJyYUBLIN 10 JOCTiIXEHHS 46 XUBUX
Ta 95 nmomepnux noHopiB Hupok. PiBai uDKK3/kpe-
aTUHiH 10 HedpekToMii Oynu B 100 paziB BUIIUMU Y
TMOMEepJINX, HiX y XUBUX MOHOpiB (9888 mr/Mr mpo-
™ 113 nir/mr; P < 0,001). PemumienTn, gKi oTpuma-
JIU JOHOPCHKi HUPKHU Bill TOMEPJUX NOHOPIB, OyIu
crpatudikoBaHi 3a BignoBinHuMuU piBHAMU uDKK3/
KpeaTUHiH y JoHOpa. 3a AOMOMOrO0 3MilllaHOTO Ji-
HiltHOTO perpeciitHoro moaemoBaHHs piBHi uDKK3/
KpeaTUuHiH y ToHOpa Oyja He3aIeXXHUM MPEAUKTOPOM
pIK® micns TpancrutanTauii 3 Haxuiaom -4,282 mi/
xB/1,73 M2 na norapudmiune 36inbmenns uDKK3/
KpeaTuHiH y ToHopa. TakuM YMHOM, aBTOPU JOBEJIH,
mo uDKK3 moxe 0yTh HEiHBa3UBHUM OioMapKepoM
JUIS OLLIHKM SIKOCTi OpraHa Ta MaiioytHboi ¢pyHkiii HT
[50].

CyyacHa [iarHOCTMKA CIHpPsIMOBaHa Ha OIL[iHKY
O6ioMapkepiB, 3naTHUX mnepeadauutu Gyukuiro HT y
peuumienta [52] 3 BukopuctaHHssm LC-MS/MS Tta
iMYHOOJIOTiHIa Uil BUBYEHHS NMpodiliB merpaganii
LIMTOCKENIETHUX OiNIKiB y MpeiMIuiaHTaliiiHuX OionTa-
TaX HUPOK MOMEPJINX Ta KUBUX TOHOPiB. ICHYIOTH 10-
Ka3u TOTO, 110 HUPKU TOHOPIB 31 CMEPTIO MO3KY OLbIII
CXWIbHi 10 aKTHUBAallil MPOTEOJITUYHUX MPOLECiB, 1110
BUKJIMKAIOTh 3MiHU B LIIUTOCKENETi MOJOLIMUTIB, Mepe-
BaxHo B HT 3 cybontumanbHoto dyHkiieo (eGFR <
40 mu/xB/1,73 M2 ) micng 12 micauis. Bzaemomisa mix
TGFp Ta kanpnaiHoM-1 MOXe CIpUYMHSATH Jerpana-
{10 KJIIOYOBUX LIMTOCKEJETHUX OiIKiB [51].

Heski nociiaxeHHs: OyJu 30CcepenXeHi Ha BUSIB-
JIEHHI TTpOoTeOMHUX OGioMapKepiB y ceui goHoOpiB. Be-
auke ( n = 469 momepaux qoHOpiB Ta n = 902 Bigmo-
BiIHUX PEUUNIEHTIB HUPOK), MPOCHEKTUBHE, 0OCEP-
BallillHe KOTOPTHE MOCITIIKEHHS, B SKOMY BU3HaYalu
piBHi aHadinatokcuHiB C3a ta CS5a y cedi TOHOpiB
nixg yac 3abopy opradis, ['TIH y koropti craHoBuUjI0
32% i BUSIBUBIISLIIOCSI TTIO3UTUBHO KopesowouuM 3 C5a

JOHOpa. Y Wil KOTOpTi TaKOX BUSIBUJIM TPUKPATHE
30i1bpIIeHHS KOHUeHTpalii CSa y ceui noHopis 3 'TTH
JIPYroi Ta TPEThOi CTaAil MOPiBHSHO 3 AOHOpaMu Oe3
I'TIH (p<0,001). PiBeup CS5a y noHopa OyB BUIIUM Yy
pelunieHTiB 3 HeaocTaTHbO GyHKIiielo HT (motpe-
OyBaB Jiajlizy MPOTSITroM IMepIIoro TUXKHS ITiCs TpaH-
criaHTalii) mopiBHsIHO 3 peummieHTamu 6e3 T'ITH
(p=0,002). ¥V ckopuroBaHomy aHanizi CS5a 3anuinaBcs
He3ajexHo noB’si3aHuM 3 BOT penumnienTa y 1oHOpiB
6e3 I'TTH (BP 1,31;95% A1, 1,13—1,54). ABtopu cro-
cTepirajav TeHIEHIilo 10 Kpamoi 12-MicsauHoi pyHKITiT
HT y nonopiB 3 koHieHTpauielo CSa y HallHUXYOMY
teptuai (p=0,09). AkTuBaLisl KOMIUJIEMEHTY IiCJs
MOIIKOMKEHHS TKaHWUH MPU3BOAUTH MO JIOKAJIbHO-
ro BupoOneHHs aHadinatokcuHiB C3a ta CSa. Ilicas
3B’SI3yBaHHS 3i CBOIMU ClieUU(DIYHUMU pelenTopamu
(C3aR Ta C5aR BignoBiAHO), Ki €KCIPECYIOTHC SIK
Ha KJIITUHAaX HUPOK, TaK i B iIMyHHUX KJTiTuHax, C3a ta
C5a byHKUIOHYIOTH SIK Ba30AUIaTATOPU, XeMOATpaK-
TaHTA Ta AKTUBATOPU EHAOTENiabHUX, eMiTesiaab-
HUX Ta iHQUIBTPYIOUUX KJIITUH BPOJXKEHOTO IMYHiTe-
Ty. KpiM TOro, y 1OHOpiB MicJs 3yMUHKU KPOBOOOIry
crnocTepiraiacs 3HauHo Bula reHepauis C3a ta CSa
MOPiBHSHO 3 JOHOPAMU 3i CMEPTIO MO3KY, a MiABUILIE-
HUIi piBeHb aHadinaTOKCUHY, HIMOBIpHO, 3yMOBJIEHU I
AKTHUBAIli€I0 KOMITJIEMEHTY Yepe3 LIISIX aKTUBallii KO-
aryJssiuii, OCKiJbKU TpOMOiH Moxe posuieruioBatu C5
no CS5a ta C5b, 1106 akTUBYBAaTU TEPMiHATBHUN LIJISIX
koMIuieMeHTy. CucremMa KOMIUIEMEHTY TaKOX aKTH-
BYETBC illIEMI€I0 B OPraHi3Mi TOHOpa, MOCUJIIOE 3a-
MaJbHY PeaKllilo Ta MoJajblile MOIKOAXEHHS HUPOK
[52-54].

HailakTyanbHilnnM 3aBIaHHSIM Ta KDUTUYHO BaX-
JIUBUM TMUTAaHHSM y TPaHCIUIAHTAllii HUPOK € edek-
TUBHE 30€peXeHHSI HUPKU Tepel TPaHCIUIaHTALL€0.
Ilepion ¢yHKLIiOHATBHOTO 30€peKeHHSI 0OMEXYEThCS
TOAMHAMU, BIPOAOBX SIKMX OUTKM, MENTUAX Ta iHILI
MOJIEKYJIU BUBUIBHSIOTHCSI OPTAHOM Y CEPEeOBULIE TSI
30epiranHs. Ha cborogHi BUKOpucTaHHS OioMapKepiB
nepdys3aty MiIsl OLIIHKWA SIKOCTi OpraHiB 3aJMIIAEThb-
¢ mpeaMeToM AucKyciii. He3Baxalouum Ha ue, AesKi
CBITOBiI TpaHCIUIAHTALliiHI LIEHTPU BKJIIOYAIOTh iX ¥y
MpoLec NPUAHATTS PillleHb LIOA0 SIKOCTi JTOHOPCHKOIL
HupKu. Moser M.A. 3 KoJieraMu TOPiBHSIM piBHi 6io-
MapkepiB nomkomkeHHss (NGAL, MMII-2 ta JIATD) y
41 Hupui, o NpoiIILIa XOJI0AHY Tepdy3ito, Ta BUSBU-
JIV BUILI PiBHi MapKepiB MOLIKOMXEHHS B mepdy3aTi
Bill TOHOPIB 31 CMEPTIO KPOBOOOITY, HixK Y HUPKAX Bif
JTOHOPIB 3i CMEPTIO MO3KY a00 XMBUX AOHOPiB. MoX-
JIMBUMMU MOOIYHUMU MTPOAYKTAMM MOUIKOMXEHHS OyIu
¢parMeHTH KojareHy, iMyHOIJIOOYIiH Ta ajJbOyMiH,
rimorepmiuna MII. ABTopu MOBiZOMUIN PO KOPEs-
1LIi10 MiX piBHSIMU IJIyTaTioHTpaHcdepa3u B nepdy3ari
ta ['TTH [54, 55],

3oBciM HenaBHo van Leeuwen L.L. 3 koneramu
nocaiguau 0inkoBi mpoditi nepdy3aty HUPOK TPYII-
HOTO JOHOpa Mia yac rinotepmiynoi MII 3a nonomo-
roo LC-MS/MS, 11100 BUSIBUTH BiIMiHHOCTi MiX TTpO-
TEeOMHUMU Npodinsimu onTuManibHUX HUPOK (eGFR >
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45 mi/x8/1,73 M2 ) Ta HEONITUMAIBHUX Yepe3 1 pik mic-
Jis TpaHcriaHTalii. [lo3uTuBHI naHi Oyau MOB’sA3aHi 3
MiABUILEHHSM PeryJisiii 22 0ifKiB, BKIOYAIOYU YOTU -
pu 6inKu, 110 6epyTh yyacTh B aKTUBAllii KOMITJIEMEH-
Ty KJIACUYHOTO LILJIAXY, [0 CBiITYUTH MPO MOTTUMHAHHS
TKaHWUHAMU OiIKiB KOMITJIeMeHTY. 3 iHIIIOro 60Ky, 26
OiNKiB BUSIBUJIMCS 3HUKEHUMU B ONTUMAIbHUX HUP-
Kax, cepea Hux 14 6inkiB uurockenery [56] .

B npocnektuBHOMy nochiigxeHHi Parikh C.R. 3
KOJIeraMW BU3HAYWIM 3B’SI3KM MiX MapaMeTpaMu 3a-
cTocyBaHHS rimotepMiuHoi MII (mapamerpamu Haco-
ca omip/moTiK), biomapkepamu B niepdy3iliHill pinuHi
( NGAL, KIM-1, IL-18 ta L-FABP) i pe3ynpTaTamu
BOT. Bumi konuenrtpanii NGAL a6o L-FABP ta mizg-
BULIEHMI oIip Oy/iu 0OepHEHO IOB’s3aHi 3 6-Micsg4-
Hoto eGFR. HeBukopucTaHi HUpKU MaJli MOCiAOBHO
BUILMI MEiaHHUI OITip Ta HUXXYUI MeTiaHHUH MOTIK,
HiX TpaHCIUIAHTOBaHi HUPKU, ajie MeAiaHHI KOHIEH-
Tpallii nepdy3iiiHux 6ioMapkepiB Oyiu a00 HUXXYUMU,
abo CYTTEBO HE Bipi3HSIUCS Y HEBUKOPUCTAHUX JO-
HOPCHKMX HUPOK MOPiBHSHO 3 TPAHCIUIAHTOBAHUMU
Hupkamu [57].

B iHmioMy [ocnigkeHHi BUMIpIOBaad PpiBHi
NGAL, KIM-1 ta engoreniny-1 (ET-1) y pa3i 3acto-
cyBaHHS HopMoTepMiuHOi MII y cepii BinbpakoBaHUX
56 HUpOK ToMmepaux AoHopiB. Ilim yac 3acTocyBaH-
Hs HopMmoTepMiuHOT MII HuX4i piBHI CHOXWBAHHS
KHUCHIO, BUIllA €KCTPaKILisl KUCHIO, MEHIIE 3HUXEHHS
piBHSI KpeaTUHiHYy B CHUpOBATLi KPOBi Ta BUI PiBHi
NGAL ta ET-1 6ynu noB’si3aHi 3 BUIIUM OajoM 3a
mKanow HopMotepMiuHoi MII. Ili mapameTpu Takox
Oy/v MOB’s13aHi 3 MiABUILEHUM PiBHEM KPEATUHiHY Y
JnoHopa nepej 3abopom opraHis. PiBHi KIM-1 He Oyau
MoB’si3aHi 3 mapameTpamMu nepdysii abo @yHKIliEO
HUPOK Yy foHOpa. BuMiptoBaHHs GiomapKepiB ceui, 30-
kpema NGAL, y noegHaHHi 3 (GyHKIIOHAIbHUMU Ma-
pameTpamu nepdyaii Ta mkanow MII, Ha fymKy aBTO-
piB, Moxe OyTH iHGOPMATUBHUM MOKA3HUKOM SIKOCTI
HUPOK, 1[0 MOXE AOTOMOITU y MPUNAHSATTI PillIEHHS
PO BUKOPUCTaHHs opraHa [58].

VYci TpaHcmiaHTalii Bi TOMEPI0OT0O JOHOPA BUMa-
raloTh nepiony ileMii Ta rimokcemii M yac rinoTep-
MiYHOTO 30€peXeHHs, 10 CIOpUsE MEBHOMY CTYIEHIO
I'TTH, npu3BoaAuTh A0 MIiTOXOHApPiaJibHOI AUCPYHK-
11i1, XapaKTepU3yeThCs 30UIBIIEHHSAM aKTUBHUX (hOPM
KHUCHIO, MOPYIIEHHSIM OKHUCJIEHHS XXUPHUX KUCTOT Ta
3HIKeHHSIM yTBopeHHs1 AT®. Ahmadi A Ta koneru
Yy CBOEMY HOCJiIKE€HHI OLIHWJIM 3B’SI30K 3MiH TKa-
HUHHOTO MeTabosizmy 3i 3MiHamu NGAL Ta dyHKIi-
OHAJIBHUX MapaMeTPiB y HUPKaX MOMEPJUX TOHODPIB,
BU3HAHUX HEMPUAATHUMM TSI TPAHCIUIAHTALII ITiJ] yac
12-roquHHO1 HOopMoTepMmiuHOi MIT ex vivo. MeTta6o-
JIITU 3 HAWOIMBIIMMU KPaTHUMU 3MiHAMU BKJIIOYAIU
JIEALMH, 130JIeMLIMH Ta TiICTUAMH 3i 3MiHamu B 2,2, 2,4
Ta 2,3 pa3a. PiBenb NGAL y noHOpiB «ITOraHUX HU-
pok» 6yB Ha 71 Hr/mu Buum (95% nosipunii iHTepBas
1,5, 140) yepes 1IiCTh TONVH NOPiBHSHO 3 «XOPOLIUMU»
HUpKaMH, 110 BiAMoOBiga€e MiKOBUM (PYHKIIiIOHATbHUM
BimMiHHOCTSIM. DYHKIIIOHAJIBHICTh OPTAHIB Bigpi3HsI-

Jjlacsl TKAHUHHUMU MeTaboJiUHUMM BiIMiHHOCTSIMU B
MeTaboJ1i3Mi aMiHOKMCJIOT 3 pPO3Tajy>KeHUM JIaHILII0-
oM, i TUM, 11O iXHi piBHi B TKAHWHAX HETaTUBHO KOpe-
JIIOBAJIU 3 Aiype3oM uepes IicTb ToAUH. TakKuM YMHOM,
aBTOpPU JOBEJIM, 110 MeTab0JIi3M aMiHOKMCJIOT 3 pO3-
TaIyXX€HUM JIAaHI[IOTOM MOXe OyTU OCHOBHUM (PakTo-
poM, 110 Bu3Ha4yae (PYHKIIIIO Ta CTilKicTh opraHa [59].

HewmonasHi nochimkeHHs Leite R.R.A. Ta cniiBaB-
TopiB nokaszanu, 1o JIJIT', rnyratioH-S-TpaHcdepasa,
IL-18 Ta ninokaniH, mow’s3aHuii 3 NGAL B 3pa3skax
nepdysaty nicasgs MIT MoxyTh nmepeadadyaTu pesyib-
TaTu Micas TpaHCIUIaHTauii. ByJo BUSBIEHO CUJIb-
HUl 3B’5130K Mix KoHUeHTpauielo NGAL ta I'TIH
(AUC=0,766, 95% M1, P=0,012), a TakoxX MiX KOH-
uentpauiero JIAI ta ITHT (AUC=0,84, 95% /I,
P=0,027). JAI' € enuHuM OioMapKepoM, CYTTEBO
nos’s3anuM 3 [THT (AUC=0,84, 95% 1 0,598-1000,
P=0,027) [60]. B iHioMy nociimKeHHi moka3aHo, 110
BUBUIBHEHHSI YPOIWIATUHY Ta €pUTPOIOETUHY 3 Ce-
4yelo, a TaKOXX BUBLUIbHEHHSI aKTUBHOIO BiTaMmiHy D 3
nepdys3aty Mmia yac 3acTocyBaHHs TrinorepmiuHoi MIT
MOXYTb CIIYXXUTU MOTEHUiHHUMU GiomMapkepamu s
MPOTHO3YBAaHHS PaHHiIX MOCTTPAaHCIUIAHTALIIHHUX pe-
3ynpraTis [61].

liieMiyHe MOIIKOAKEHHS Micasl TimOTepMidyHOI
MII npu3BOAUTb A0 BUBIJIBHEHHSI TiCTOHIB 3 MOpY-
IIEHUX KIIiTWH, BKJIOYal4yuM MO3aKJiTUHHI TiCTOHU
H2A, H2B, H3 ta H4. Ilicng iHaykuii imemii ricro-
HU BUBINBHSIOTHCS 3 KJIITWMH, 10 BiAMUpPaOTh, y TO-
3aKJIITUHHUN TpocTip Ta PyHKUiOHYIOTh 5K DAMP.
PetpocniektviBHe nociiaxeHHss 309 HUPOK TOHOPiB
Mmicast 3yMUHKU KPOBOOOIry O0yja0 MpoBeleHO IJIsl BU-
BUEHHS MO3aKJITUHHUX TiCTOHIB y nepdy3aTi HUPOK:
BUMipIoBaiu piBHi rictony H3 uepe3s 1, 2 Ta 4 ronuHu
nicas rimorepmiuHoi MII. Buma xonueHtpaiis H3
y niepdysati 6yna nos’szaHa 3 BOT (ogHOBUMipHE
BII = 3,071; 95% 11, 1,588-5,941; GaratoBuMipHe
BIII = 2,433; 95% 11, 1,253-4,723). I1pu nopiBHSIHHI
JIBOX TpYI MAlli€HTiB 3 KOHLIEHTpaligMu rictony H3
BUILIE Ta HMXX4Ye MediaHu, aHani3 KarutaHa-Meiiepa
BUSIBUB 3Ha4yHy pi3HUII0 y BxxuBaHocTi HT Ha ko-
PUCTh HUXXYMX KOHLIEHTpalliii. 30KpeMa, MOKa3HUKU
BUXXMBaHHS yepe3 1 Ta 5 pokiB Oyu 3HAUHO BUILIMMU B
rpyIi 3 HIx9uM piBHeM H3 (uepes 1 pik — 84% npoTtu
72%; uepes 5 pokiB — 79% npotu 66%) [10].

Wang Z. 3 koneramMu onucaiu pi3HOMaHiTHiI MeTa-
OoJtiyHi 3MiHM B iepdy3ari, 3aJ€XHO BiJ BiKy JOHODIB,
yacy X0JI0I0Boi ilemii. B piguHi 111 KoHcepBallii 0yniu
ineHTUdikoBaHi OiIKM, 110 MOB’S3aHi 3i CTPYKTYpPHUM
KOMITOHEHTOM LIMTOCKEJETY, iHTiOIiTOPHOI aKTMBHiC-
TIO €HAOMNENTUIA3U CEPUHOBOTO TUILY, iHTIOITOPHOIO
aKTMBHICTIO MeNTUIa3U, OpraHi3aiic€ro KJIiTHHHUX KOM-
MOHEHTIB ab0 6ioreHe30M, a TaKoXK MOpdOreHe30M Kili-
TUHHMX KOMOOHEHTiB. Tak, 3HauHe MiABUILEHHS PiBHS
O-DJIIOKO3UM Ta LUUTPATy Ha TJIi 3HAYHOTO 3HUXEHHS
piBHS TaypuHy Ta OeTaiHy B mnepdy3aTi KOpEIOBAIO
3 BOT, crocrepiramocs 30iIbIIeHHS KiJIbKOCTi TIpO-
TeTHiB, 3adisSIHUX Yy KJIACMYHUX KacKaaaX KOMILIeMEeH-
Ty, Ta 3HVXKEHHSI PiBHM JiMigHOro meradosizmy [62].
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van Balkom B.W.M. 3 koneraMu AOCHiaWIv B PilUHi
I8 KOHcepBallii JienTuH, nepioctudH, GM-CSF, iHri-
OiTop akTuBaTopa mjaasMiHoreHy-1, OPN Tta nBa Kii-
HiuHi mapameTpu (iHIekc Macu Tina peuurnieHTa (IMT)
Ta TPUBAJIICTb Aiaji3y, po3pi3HSIM HOPMaIbHYIO (DYHK-
miro HT ta BOT. Monenb IporHo3yBaHHSI, 3aCHOBaHA
Ha gentuHi, GM-CSF ta IMT peuunieHTa, nokasaia
AUC 0,89. PinHa 1j1st KOHCepBallii HUpOK JOHOpa Mic-
TUTH GioMapKepH, sKi pazom 3 iHdbopmMmaitiero po IMT
PELIMITiEHTA, 30aTHI CIIPOTHO3YBAaTU KOPOTKOCTPOKOBY
dynkuiro HT micns tpaHcmianTaiii [63].

Zhao S. 3 KoJjieTaMU 3alpOMOHYBJIU METOIUKY
nporHo3yBaHHsl B®T, BM3Ha4alouM 4ac XOJOIOBOI
ileMii, aHaMHe3 LyKpOBOro AiabeTy y 1oHOpa, piBeHb
IL -2 y noHopa Ta piBeHb TEPMiHAJBHOTO KPEATUHIHY

y nonopa (AUC 0,867) aj1st CUCTeMU MPOrHO3YBaHHSI.
Hana Mojenb peKOMEHJOBaHa Jisl MPOTHO3yBaHHS
B®T. Ockinbku, IL-2 6epe yuacTh y mporeci moIIKko-
JUKEHHST HUPOK, TO MOX€ OyTU MOTEHUiHUM Mapke-
POM ITOLIKOIKEHHS JOHOPCHKOro opraHa [64].

InTerpanis 6iomapkepiB, MalllMHHE HaBYaHHS Ta
BIUIMB Ha pe3yJbTaT TPaHCIUJIAHTAllil € Halmepcnek-
TUBHIIIMMU MaWOyTHIMU HaNpsSIMKaMu IOCTiIXEHb
1IOJ0 BUSBJIEHHSI MapKepiB SIKOCTi JOHOPCHKOI HUP-
ku. Hwuska poOiT mokasye, 1110 MyJIbTHOiOMapKepHi
moaeni (kom6iHanii NGAL, KIM-1, IL-18, CXCL10,
KJIIHIYHUX XapaKTEepUCTUK JOHOpA, 4acy XOJOIO0BOI
imremii, mapamMeTpiB nepdy3sii) MalOTh Kpalily MPOTHOC-
TUYHY 3aaTHicTh mono ['TIH ta pannwkoi dyHkuii HT,
HiX MOOAMHOKI MOKa3HUKM [65].

Tabauysa 2

MapKepu OlIHKM SKOCTi JOHOPCHKOI HUPKH, 110 BU3HAYAIOThCA B nepdysari [2, 10, 12].

JlakTar

Hu3bkuit piBeHb B Nepdy3aTi & 03HAKOI0 BiOHOBEHHS METaboni3My Ta KpaLLOi
XWTTE3AATHOCTI OpraHa

NakTataerinporexasa (A, LDH):

Bucokuit pieHb JIAT € iHAMKATOPOM 3HAYHOTO KNITMHHOTO YLUKOMKEHHS i €
CUIbHIM MPEAMKTOPOM NepBUHHOI HeYHKLIT TpaHCMNaHTaTa abo Taxkoi BAOT

KIM-1/ NGAL

KoHueHTpaLis y nepdysati kopenioe 3 pusikom BOT

MyTatioH-S-TpaHcdepasa (GST) N-auetun-
[B-D-rnioko3aminigasa, I'TT, B-rntoKypoHinasa,
[3-ranakrosupnasa:

IX BUBINbHEHHS! BKa3YE Ha YLLKOIKEHHS KaHamMbLiB | KOPENtOE 3 NiABULLEHUM
pusmkoM BOT

AneHosuHtpudocdar (ATM)

Huabkui pieHb ATQ y nepdy3ati abo TKaHUHI HUPOK A0 TPAHCMNAHTALLT €
npeankTopoM BOT Ta He[OCTATHLOTO EHEPreTMYHONO BiAHOBAEHHS NiCAs iLLeMii.

rinyposa kucnora

linypoBa KWCNoTa, NoB>93aHa 3 MiKpobioMOM Ta MeTaboniyHo QyHKLIED
HWUPKOBMX KaHabL|iB. 3HWXEHHS PIBHS MOXeE BKa3yBaTh Ha NOPYLLEHHS
MeTabonivyHOI aKTUBHOCTI KaHanbLLiB BHacnigok IPr.

KnituHHo-BinbHa IHK (cfDNA)

Bucokwmit piBeHb CBIAYMTL PO MAaCUBHY 3arnbenb KiTMH AOHOPCHKOI HUPKY Ta €
npeavkTopoM BOT

MitoxonapianbHa JHK (mtDNA)

Bkasye Ha cepiioHe MIToXoHapianbHe YLUKOMKEHHS BHACIAOK ilLiemii/penepdysii,
nportosye BOT

LinTokinn ( 116, 1-8)

Bucoki piHi y nepdysari BkasyoTb Ha CMHAPOM 3anabHoi BiAMOBIAi Y A0HOPA.

Kacnaau AkTuBaLlia Kacnas (hpepMeHTiB anonTosy) B nepdysaTi acoLIOETbCA 3i SHUKEHHAM
XWTTE30ATHOCTI TPAHCMNaHTaTa.
FAT/CD36 Mapkep, NoB>913aHNi i3 MeTaboiYHIM CTPECOM Ta TPAHCMOPTOM XMPHUX KUCAOT.

BOT

BuCOKi piBHi aCOLLiHOHOTBCS 3 MOPYLLUEHHSM AiMiAHOMO 0BMiHY Ta BULLWM PU3IKOM

MpopykTv akTuBaLii Komnnementy (C3a, C5b-9)

BuCoKi piBHi BKa3ytTb Ha CUMbHY 3anasnbHy PeakLilo B Oprai, Lo NPorHosye
BinbLu Taxke IPMN Ta BOT

CbOroiHi JochigkeHHs OioMapKepiB BCe 4acTi-
11Ie iHTeTpYIOTh iH(popMallito 3 pi3HUX IIaThopM, Ta-
KHX SIK TEHOTUIIOBUI aHaIi3 OJHOHYKJIEOTUIHUX M0~
JiMop(di3MiB, emireHeTUYHi AOCHIIXEHHs Ta aHai3
MPHK, mikpoPHK, a Takox mpodinoBaHHS OiJIKiB,
NenTUAiB, aHTUTI Ta MeTaboJiTiB. Bucokomnpomyk-

TUBHI aHali3W CTalOTh OiJbII TOCTYITHUMHU, a IIBUI-
KM PO3BUTOK aHAJiTUYHUX METOHiB OOCIiIXEHHS
JIO03BOJISIE TIPOBOIUTU iHTETPOBaHi MeTaaHali3u pi3-
HUX HabopiB gaHux. TpaHCKpUIITOMiKa MpeiMIIaH-
TaliiiHUX OionTaTiB IoKa3ana, 1[0 TPaHCKPUIITOM-
HUI Ipodifb MpeiMIIaHTaliiHO1 6ioTICii TOHOPCHKOL
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HUPKMU A03BOJISIE BUIIIUTHU MiANUC, IKUIA aCOLIIOETh-
¢ 3 HU3bKow (yHkiiero HT yepes3 24 micsui i, Bia-
MOBiAHO, TipIIMM JOBrOCTPOKOBUM BUXKUBaHHIM HT
[66]. TIpoTeoMika JOHOPCHKOI HUPKU — IMPOTEOMHI
MiAMUCU MOXYTh BigOOpaxkaTu CTYMiHb XPOHIYHO-
ro ymkomxeHHs, pusuk I'TIH i po3BUTKy XpoHiuHO1
aucoyukiii [12]. MikpoPHK Ta iHmi He-komywooui
PHK noHopcbhkoi HUpKM, IJ1azMu abo mnepdysarty
posrisaaioTeces K Mapkepu IPIT, ¢ioposy, 3ananeH-
Hs [67, 68]. [IporeomHe pocaimxeHHs nepdysary 3
67 mapHUX HUPOK JOHOPIB Tic/s 3yMUHKU KPOBOOOi-
ry, BusiBujo 1716 OiKiB, BKIIOYAIOYM KaCKaJ KOMII-
JIEMEHTY, arperauiro TPOMOOLUTIB Ta AETOKCUKAIIilO
aKTUBHMX (opM KHcHIO. Haiibinpinl mnoummpeHUuMu
ineHTudikoBaHUMU Oinkamu O0yau kommaemeHT C3,
anoJiinonpoTeid Al ta naHuor ¢gidpuHoreny o. On-
HUM 3 HalMoOUIMpEeHilluX OuUIKiB OyB BUsiBaeHUU C3.
KpiM Toro, 6inku Kackaay KOMIUJIEMEHTY (Taki $IK
CIR, C1QC, C3, C5, C7, C8A ta C8G) kopestoBaiu
3 12-micsquHoto eGFR, ae ixHS KilbKiCTb 3MeHIIyBa-
nacs minx yac rimorepmiunoi MIT [69].

Steinhauser C. Ta KoJiern Ha MOJieJli HUPOK CBUHI
MoKa3aJiv, 10 HU3Ka MapKepiB TYOYJSIPHOTO YIIKO-
JDKEHHSI, e€HJOTeliaJibHOI akTuUBalil # 3amajieHHsI B
nepdysari mig yac 4-ronmHHOT HOpMOTepMiuHO1 MIT
(nanmpukinan, NGAL, KIM-1, 1L-6) kopentoe 3 Tic-
TOJIOTIYHMMU 3MiHAMM Ta (YHKIIOHAIBHUMU Mapa-
merpamu (Qinbrpauii [70]. Faucher Q. 3 koneramu
MPOJEMOHCTPYBAIM, 110 MeTa00JOMiIUHMI Mpodinab
nepdy3ary (aMiHOKUCJIOTH, EHEPreTU4YHi MeTabo-
JITW) 3aJIeXUTh BiJ 4Yacy KOHCepBallii 1 Moxe OyTu
MOB’SI3aHUM 13 BUPA3HICTIO TYOYJISPHOTO YIIKOIXEH-
Hs Ta noganbiio ¢yHkuiero HT [71]. Ornsg Ohara
S Ta xojer miacymoBye, 1o noeaHaHHs MII 3 Bumi-
PIOBaHHSIM TaKUX MapkepiB, SIK (hJIaBiHMOHOHYKJIE-
oTua (MapKep YWKOMXEeHHs MiToxoHapiil), NGAL i
OPN, € onHUM 3 HalOiIbLI TEPCTIEKTUBHUX HAMPSIMiB
ouiHku xurre3natHocTi HT 3 mporHo3om mocTTpaH-
CIIaHTAliWHUX pe3yabTariB [72]. [lepceKUBHUM €
JMOCTiIXKeHHs KOMOiHallili Ta maHeaeil 6ioMapkepiB 3
METOI0 BUSIBJIEHHSI ONITUMAJIbHOI MaHei 1151 BCeOiYHO1
XapaKTEepUCTUKU TOHOPCHKOTO opraHa. B qociimxeHHi
Mansour SG Ta Kojer BuzHavaiaucs 17 Giomapkepis
B ceui, 3i0paHiil mim yac 3a00py OpraHiB, y JOHOPIB
6e3 I'TTH. Bicim OiomapkepiB CYTTEBO BilApi3HSIN-
cs THCJS TepepaxyHKy Ha KPEaTUuHiH cedi, TpUuIoMy
NGAL, enitenianbHuii dakTop pocty, uuctatuH-C Ta
UMOD wmanu HaiOiibli CTaTUCTUYHO 3HAYYLII Bil-
MiHHocTi. OgHak ag kiaiHiyHoro I'TTH, o mae micie
mig yac 3a00py opraHiB, AeB’sITh OiOMapKepiB CYTTEBO
Bimpi3HsUCS: enmigepManbHuil pakrop pocty, NGAL,
uuctatuH-C, MCP-1, LFABP, UMOD, IL-8, YKL-
40 ta 1L-6. L1i 3Minu kopenoBaiu 3 BOT i 3HUXeHHIM
IIK®. ABTOpu akKlIeHTYIOTh yBary Ha TOMY, IO KJTi-
HiuHo miaTBepaxeHe I'TTH ta inagykoBane I'ITH y no-
HOpa BiApi3HsUIUCA 3a 6ioMapkepaMu MOIIKOAXEHHS
Ta pemnapatii B ceui [73].

VY npocrnekTuBHOMY aociimxeHHi Maslauskiene
R. 3 koneramu y 43 noMepinx JOHOPIB 10 TPaHCILJIaH-

Talii OLiHIOBadX OioMapKepu CHUPOBATKM KpOBi Ta
ceui: NGAL, KIM-1, IL-18 Ta xemokiH 10 3 MOTUBOM
CXC (CXCLI10), nng mporHo3yBaHHS PaHHbBOI Ta Mi3-
Hboi pyHkuii HT. BOT crnoctepiranacsa y 27,6% Bu-
nankiB. CupoBaTkoBi koHuUeHTpauii IL-18 i KIM-1
ta ceuoBi NGAL i KIM-1 6ynu npenukropamu BOT.
Hnst mporao3ysanHs BT aBTropamu 6yna po3podiieHa
MoJenb, 1o Bkaouae IL-18 cupoBatku kposi, KIM-1
ceui Ta kiniHiuHi paktopu (AUROC 0,863). Buii piBHi
IL-18 B cupoBatui kpoBi Ta KIM-1 ceui y moeaHaHHi
3 PO3IIMPEHUMU KPUTEPISIMU Y JOHOPAMU Ta TOBIIUM
YacoM XOJIomoBoi imemii mepenbavanu BDT. 3a sin-
CYTHOCTi MOIIKOAXEHHSI HUPKOBUX KaHAJbIiB y 0i0-
MCiIX JOHOPiB 3 HYJIbOBUM YacOM, BUIi KOHIUEHTpa-
1ii NGAL y ceui Ta cupoBarili KpoBi 10 TpaHCILJIaH-
Tauii 6yn1u now’s3aHi 3 kpaior ¢yHkuielo HT yepes
OJMH piK michas TpaHcmiaHTalii, a NGAL cupoBatku
KpoBi — 3 pyHkuiero HT yepe3 Tpu poku micyisi TpaH-
crnanTauii. [TokazaHo, mo miasuieHuii BMict NGAL,
CXCL101iIL-18 B xpoBi Ta KIM-1 y ceui noHOpa aco-
1itoetbes 3 BUIIMM pusukoM I'TIH i Huxuor0 yHKILi-
€10 HT uepe3 tpu poku [65]. JocaizxkenHs Baryla M.
Ta KOJIET CUCTEMATU3Y€E PE3yIbTaTh AOCIIIXEHb iCHY-
0UMX OUTKOBUX GioMapKepiB SKOCTi JOHOPCHKOI HUP-
ku: NGAL i KIM-1, komnoHeHTu komruiemMeHTy (C3,
Clq, C4BPA), mapkepu Koaryisiii, LUMTOCKEIETHi
Oinku, Mapkepu TyOysipHoro yumkoakeHHs (L-FABP,
OPN) Ta 3anajneHHs. ABTOpHY MiJKPECTIOOTh, 10 MO-
npu 6aratoobilsoui pe3yabTaTh OKPEMUX POOIT, KO-
JIeH i3 MapKepiB 1lle He iHTerpoBaHMUIA y CTaHIAPTU30-
BaHi AJITOPUTMU MPUNAHSATTS Pill€HHS IOA0 BUKOPUC-
taHHs oprada [10].

BucHoBku:

1. SKicTh AJOHOPCHKOTO OpraHa € OJHIi€I0 i3 KO-
YOBUX JETEePMiHAHTIB PaHHbBOI ii JOBFOCTPOKOBOI
G yHKIIi1 TpaHCIUIaHTATA.

2. biomapkepm roctporo ymromkeHHS (NGAL,
KIM-1, IL-18, CXCL10 Ta iH.), «peMOHTHi» Map-
Kepu (YpOMOIYJIiH, OCTEOIIOHTHUH), OMiKCHI IIpO-
¢isi Ta BizyanizauiiiHi mapaMeTpu 1€MOHCTPYIOThb
30aTHICTh Kpallle MPOTHO3YBAaTU ITOLIKOMXKEHHS
JMIOHOPChKOI HUPKHU Ta mi3HIo ¢yHKuUito HT, oco-
0JMBO Y pa3i BUKOPUCTAHHS MYJIbTHUIIApAMETPHI-
HUX MOJEJIC IIPOTHO3Y.

3. Haii6inpmi eeKTUBHUM € MyJIbTUIIapaMeTpUy-
HUN MiaXig OUiHKM SIKOCTi JOHOPCHKOI HUPKU -
noegHaHe 3acTOCyBaHHS TpaaUliiHUX METOiB
OLIiHKH i TIPOTHO3YBaHHSI 3a HOBITHIMU OioMapKe-
pamu.

4. Tlomanbiii fOCHiIXeHHS MalOTh OyTU CIIPSIMOBaHi
Ha yHidikalio MeTomiB BU3HAUYECHHS OioMapke-
piB, CTBOPEHHS MPOTOKOJB AiarHOCTUKHU SIKOCTi
JIOHOPCHKOT HUPKU TS ii TPUAHSTTS/BiIXuieH-
Hs IJIs TpaHCIUIaHTalii, GopMyBaHHS Ta 3aCTO-
CYBaHHSI aJITOPUTMIB OILIIHKM BUXXUBAHHSI TpaH-
CIUTAHTOBAaHO1 HUPKHU.
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Abstract. This article is thefirst in a series of reviews on modern concepts of nephroprotection
within the cardiorenal—metabolic continuum and the pleiotropic effects of sodium-glucose
cotransporter 2 (SGLT2) inhibitors. It summarizes the pathophysiological mechanisms
linking arterial hypertension, type 2 diabetes mellitus, chronic kidney disease, ischemic
heart disease, and obesity into an integrated system of metabolic and vascular injury. Key
drivers of target organ damage include insulin resistance, glucotoxicity, lipotoxicity, oxidative
stress, systemic inflammation, endothelial dysfunction, and glomerular hemodynamic
instability, forming a self-perpetuating cycle that accelerates renal and cardiac decline.
The review outlines molecular and cellular mechanisms of nephroprotection mediated by
SGLT?2 inhibition-restoration of tubuloglomerular feedback, reduction of intraglomerular
pressure, modulation of energy metabolism through a ketone shift, attenuation of oxidative
stress and inflammation, and inhibition of the renin—angiotensin—aldosterone system. The
role of oxidative stress biomarkers such as 8-oxo-2’-deoxyguanosine is highlighted as a
potential tool for early diagnosis and therapy monitoring.

Particular attention is given to adipose tissue dysfunction, adipokine imbalance, and
sarcopenic obesity as contributors to insulin resistance and vascular aging. Against
this background, SGLT?2 inhibitors emerge not only as pharmacological agents but as
metabolic modulators capable of restoring kidney—heart-vessel-metabolism interactions.
Understanding these unified mechanisms forms the basis for personalized therapeutic
strategies and sets the stage for the second part of this review, focused on multi-omics
approaches to individualized organ protection.

Key words: sodium-glucose cotransporter 2 inhibitors, cardiorenal-metabolic comorbidity,
chronic kidney disease, heart failure, insulin resistance, oxidative stress, personalized
therapy.
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InridoiTopu HATPIii-IJII0KO3HOr0 KOTPaHCNIOPTEPA 2-T0 TUITY B KOHTEKCTI
KapaiopeHaJIbHO-MeTa001iuyHoi KoMopOigHocTi. YacTuna 1: ocHoBH
narodizioJiorii Ta KJI0Y0Bi KIiHIYHI 10CTiI2KEHHS

IXapkiBchkuit HatioHaabHMIA yHiBepcuTeT iMeni B. H. Kapasina, Xapkis, Ykpaina
2JlepxxaBHa yctaHoBa «HawioHansHuii inctutyT Tepamnii imeni JI. T. Manoi
HauioHnanbpHoi akameMii MeqUYHUX HayK YKpaiHu», XapKiB, YKpaiHa
3CyMcbKuit nepxaBHui yHiBepeuteT, M. Cymu, YKpaiHa
4TaJUliHHCBKMIA TEXHOJIOTIYHMI YHiBepcuTeT, M. TayutinH, EcToHis

Pestome. Cmamms € nepuioro yacmuroio cepii 02450i6, NPUCEAHEHUX CYHACHUM YABACHHIM NPO HepOnpomexyio
6 KoHmeKcmi KapoiopeHanrbHO-MemaboriuHoi KoMopoioHocmi ma naeiiomponti eghekmu iH2i0imopie Hampii-eA0K03H020
kompancnopmepa 2-20 muny (iISGLT2). Y yiii uacmuni cucmemamu3oeano namo@izionoziuni 0CHo8u KapoiopeHarbHo-
MemaboaiuHo20 KOHMUHYYMY, AKULI NOEOHYE apmepianbHy einepmeH3ito, Uykposuii diabem 2-20 muny, XpoHiuHy Xeopooy
HUPOK, iuemiuHy X60poby cepuys ma OHCUPIHHA 8 EOUHY CUCMEMY 83AEMON08 I3aHUX MeXaHizmie. OCHOGHUMU YUHHUKAMU
VPAdiCceHHs 0peaHi@-MildeHell € IHCYAIHOPe3UCMeHMHICMb, 2A0K0- Ma AiN0MOKCUYHICMb, OKCUOAMUGHUL cmpec, CUC-
meMmHe 3ananeHHs, eHdomeniaibHa OUCYHKYIA ma eeMoOUHAMIMHA HecmAabinbHICMb KAYOOUK080i MIKPOUUPKYAAYIT, AKI
hopmyroms 3aMKHeHe K040, W0 NPUCKOPIOE NPO2PeCy8anHs HUPK0BOI ma cepyesoi HedocmamHoCHi.

B oens0i suceimaeno moaekyAspHi ma KAimunHi Mexanizmu Heghponpomekuyii, 3ymoeneni diero ineidimopie SGLT2:
8IOHO6AeHHS MY 0Y10210MEPYAAPHORO 360POMHO20 36 A3KY, 3HUICEHHS 6HYMPIUHbOKAYO0UK08020 MUCKY, MOOUpiKauyis
eHepeemu4H020 Memaobonizmy uepe3 KemoHOo8Ull «3CY8», 3MEHUeHHs OKCUOAMUBHO20 cmpecy ma 3anaieHHs, d MaKolc
NpuUeHiYeHHs peHiH-aHeiomeH3UH-an1b00cmeporoeoi cucmemu. OKpemo po3easHymo poasv Oiomapkepie oKcuoamusHozo
cmpecy, 30Kpema 8§-okco-2’-0e30Kcucyano3uny, sk NOMeHyiliHo20 iHCMpPYMeHma panHvoi 0iazHOCMUKU ypaiceb opea-
Hie-MiuleHell | MOHImopUHey egheKkmueHoCmi mepanii.

Ocobaugy ysaey npudineno ouc@ynkuyii acupoeoi mxaHuHu, oucoarancy adunokinie ma capKoneHiuHoMy 0XCU-
DIHHIO K YUHHUKAM [HCYAiHOpe3ucmeHmHocmi ma cyounHoeo cmapinus. Ha yvomy mai ineioimopu SGLTZ2 pozeasda-
ombCs He auule K hapmakonoeivmi 3acobu, a ii sk Memaooniuni moougikamopu, 30amui i0H08AH06aMU PYHKUIOHANBHY
83a€eMO0it0 Midc HUPKAMU, cepuem, cyOuHamu ma memaobonizmom. Pozyminns eonocmi yux mexaniamie popmye ocHogy
NepcoHAaniz08anux mepanesmuvHux cmpameeiil i 3akaadae niorpyHms 04s 0pyeoi uacmuHu 02410y, RPUC8AUEHOi MYab-
MUOMHUM ni0X00am 00 iHOUBIOYANi308AHO20 3aXUCMY 0P2aHIE.

KiouoBi ciioBa: ineibimopu nampii-earoxosnozo kompancnopmepa 2 (SGLT2), kapodiopenomemaboniuna Ko-
MOpOiOHicMb, XPOHIYHA X80p0OA HUPOK, cepuesa HeOOCMAMHICMb, [HCYAIHOPe3UCMeHMHICMb, OKCUOamueHUll cmpec,
NepcoHaniz0eana mepanis.

Bcryn. CyyacHa emoxa OXOpPOHHU 3I0pPOB’S Xa-
PaKTepU3YEThCS Oe3MpelleAeHTHUM 3POCTaHHSIM II0-
IIMPEHOCTI HeiH(EeKIIMHNX 3aXBOPIOBaHb, SIKi YTBO-
PIOIOTH CKJIATHMI Ta B3aEMOIIOB’SI3aHUI KOMILIEKC
narojoriyuux crauis [1, 2]. Hykposuit aiader 2 tumny
(I1J2), xpoHiuyHa xBopobda HUpoK (XXH), cepiieBa He-
nocratHicTh (CH), aptepianpha rinmeptensis (AI) Ta
OXMpPIiHHS TIEpEeTBOPUIIMCS 3 OKPEeMHUX HO3O0JIOTiiA Ha
KOMIIOHEHTHM TJ100ajJbHOI MaHIeMii, sIka Bpaxae co-
THi MUIBIOHIB Iomeil mo Bcwomy cBity [3]. 3a mpo-
rHo3aMu, g0 2025 poky odikyioTbh, 10 1,5 Minbsgpaa

Bipa 3aatkina
v.zlatkina@karazin.ua

JIIONIEN Y CBITi CTpaxXaaTUMYTh Ha apTepiajibHY TiIep-
TEH3i10, a MOIIUPEHICTh OXKUPiHHS 3 1990 poky 3pocia
Oinpir Hixk yaBidi i ;o 2030 poky cgarHe 1 Minbsgpaa ocib
[1, 2]. Tarap uuxX 3axXBOpIOBaHb BUXOLUTH JAJIEKO 3a
MeXi iXHbOI iHAMBiTyabHOI KIiHIYHOI MaHidecTalrii.
IXHe MoenHAHHS B ONHOTO MAalli€HTa HE IPOCTO CYMYE
PU3UKH, a CTBOPIOE CMHEPTETUYHUI e(EeKT, 110 IpH-
3BOJIUTH OO KaTacTpo(iuHOTO IPUCKOPEHHS IIPOTpe-
CYBaHHSI KOXHOTIO 3i CTaHiB Ta 3HAYHOI'O MOTipIIeHHS
nporHosy [1, 2].

LI TicHa B3aeMomist maTodi3ioOTiYHNX MeXaHi3-
MiB OTpHUMaJjia Ha3By «KapJIiopeHaJIbHOro MeTadoaiu-
HOTO cUHIpoMY» [4]. B iioro oCHOBI JIEXUTH IOPOYHE
KoJio, e MeTabojiuyHa auchyHKUisg (iHCyJTiHOpe3uc-
TEHTHICTb Ta OXMPiHHS) iHillilo€ # MiATpUMYE CHC-
TeMHE 3alajJeHHs, OKCUIATUBHUI CTpPEC Ta TeMOIM-
HaMiuHi ropymenHs [5]. Lli mpouecu, y cBow 4epry,
MPU3BOISTH 10 YPaxKeHHSI OpraHiB-MillleHelt — cepist
(rimeprpodii, ¢pioposy, CH), Hupoxk (rinepdinbrpairii,

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Aiaaidy N24 (88) 2025

LLIkona Hedponora 89



Nephrology School

Ukrainian Journal of Nephrology and Dialysis, 4 (88)’2025

anbOyMiHypil, 3HWXKEHHS (PYHKIIOHATBHUX MOKA3HU-
KiB) Ta cyauH (AuCGyHKII1 eHA0TEeNil0, aTepOCKIIepO-
3y), 1O 1€ Oifbllie MOrIMO/I0€e BUXiAHI MeTaboJiuHi
posnagu [1, 2], poOisun TepamneBTUYHE BTPYYaHHS
CKJIAJJHUM 3aBJAHHSIM.

IIpoTsiroM necATWIiTh TepameBTUYHI CTpaTeril
OyJIM 30CepelKeHi Ha JIiKyBaHHiI KOXXHOTO KOMITOHEH-
Ta KapaioHe(poMeTaboJiYHUX PO3iadiB OKPEeMO: aH-
TUTINEPTEH3UBHI Mpenapatu — i KOHTPOJIIO TUCKY,
CTaTUHU — JJIS1 KOpeKUii AuciniaeMii, rimoriaikeMiuHi
3acobu — 151 ynpaBiiHHS TiikeMiero. OgHak Takui
MiIXiT YacTO BUSIBSIBCS HEAOCTATHIM IJISI pO3PUBY MO-
pouHoro KoJjia. [TosgBa knacy iHribiTopiB HaTpili-IJIt0-
KO3HOro KoTpaHcmoptepa 2-ro tumny (iSGLT2), a6o
1iJI03MHIB, O3HAMEHyBajla co0010 (PyHIaMEeHTaIb-
HMI1 3CYB y Ll mapaaurMi [6].

CrnioyaTKy po3po0bJieHi SIK mpemnapaTu JUisl KOHTpP-
onto rikeMii 3a 12, ricdio3uHu npoaeMoHCTpyBaau
B XOIi BEJIMKOMACIITaAOHUX KJIIHIYHUX IOCIIIKEHb He-
CTOJiBaHO MOTYXHi Ta MOCJi0BHI OPraHOMPOTEKTUBHI
edekTu, IKi BUXOAWIN NaJleKOo 3a MeXi IXHbOI MPOTUi-
abetnuHoi ail [7]. 3’scyBajocs, 1110 IXHS 31aTHICTh 3HU-
KyBaTU pU3MK nporpecyBaHHsa XXH, rocmiTtamizariii 3
npuBoay CH Ta ceplieBo-CyaMHHOI CMEPTi HE 3aJIEXKUTh
BiJl CTYNEHS 3HMKEHHS PiBHS [JIIKOBAHOTO TeMOIJIO0i-
Hy [6]. Lleit beHOMeH BKasye Ha Te, IO KJIIOYOBI Ie-
peBaru iISGLT?2 onocepenkoBaHi He CTiJIbKU TJliKeMiu-
HUM KOHTPOJIEM, CKiJTbKU TJTMOOKUM Ta KOMILTIEKCHUM
MeTabOoIIUHUM «TTepenporpaMyBaHHSIM» OpraHiamy [6].
Bonu BmuMBaoTh Ha dyHAaMEHTaIbHI Matodiziosno-
TiYHi MpoLecH, sIKi JiexKaTb B OCHOBI KapaiopeHaIbHOTO
MeTabOoiYHOTO CUHIPOMY, TaKi SIK EHEpPreTUYHUIN Me-
TaboJi3M KJIiITUH, 3anajieHHs1, Gibpo3 Ta reMoguHaMmi-
Ka [5]. Le npu3sseno no nepenosutiionyBans iSGLT2
SIK «areHTiB sl 6araTb0X 3aXBOPIOBaHb», 110 3HAYHO
MiIBUIIMIO iXHIO KJIiHIYHY LiHHICTh Ta aKTyaJlbHiCTh
JUTSL CUCTEM OXOPOHU 310poB’st [8].

TakuM 4YMHOM, y3arajJilbHEHHSI CYy4aCHUX JaHUX
npo natodi3iosoriyHi MexaHi3Mu KapAiOpeHAIbHOTO
MeTaboJIiIYHOTO KOHTUHYYMY, CUCTEMHE 3amlajieHHS,
OKCUJIATUBHUI CTpec Ta MeTaboJiuHy AUCHYHKIIiIO0
JIO3BOJISIE 3pO3YMITH, 11O CaMe I1Ii YHiBepcalbHi Mpo-
1IeCU JieXaTh B OCHOBi YpaXeHHs OpraHiB-MillleHeul
y Mali€HTiB i3 TMOEIHAHUMU CEPLEBO-CYIVUHHUMU,
HUPKOBUMM Ta METAa0OJiYHUMU 3aXBOPIOBAHHSIMU.
Y npoMy koHTekcTi iHribiTopu SGLT2 mocTaloTh He
JIMIIIE SIK TirorjaikeMiuHi 3acobu, a SIK yHiKaJIbHi MeTa-
0os1iuyHi MonudikaTopu, 3AaTHI BILUIMBATH Ha KJIIOYO-
Bi JJAHKM TATOJIOTIYHOTO KOHTUHYYMY [9]. Came ToMy
norjanbjeHe BUBYEHHS iXHiX MJIEHOTPONMHUX €(EKTiB €
HEOOXiTHUM KPOKOM JIsl PO3KPUTTS maTodisiosnoriy-
HHUX OCHOB HedpompoTeKlilii Ta MOOYI0BU MepCcoHali-
30BaHUX TePANIEBTUYHUX CTPATETil.

Merta orisay: cHCTeMaTHU3yBaTM Ta KPUTUYHO
y3araabHUTHU cydyacHi gaHi mono iSGLT2 y koHTekcTi
HedponpoTekllil 3a KapAiopeHaJlbHOI MeTaboJiuHOL
KOMOPOIJHOCTi; IHTErpyBaTU iX 3 KJIIOYOBUMHU MATO-
(dizionorivHuMM JTaHKamMu (iHCYJIiIHOPE3UCTEHTHICTIO,
3aMajJieHHSIM, OKCUJIATUBHUM CTPECOM, AUCGHYHKIIEI

€HJIOTeJIil0) Ta OKPECIUTHU MEPCIeKTUBU MepCcoHami3a-
wii Teparmii.

IaTodizionoriynnii KOHTHHYYM: BiI MeTa00JIi4-
HOi JauchyHKOii 10 opraHHoro ypaxkenHs. KiiHiuni
mnepeBard HOBUX TepaNeBTUYHUX KJIACiB CTAlOTh MO-
COPaBXHbOMY 3pO3yMiJIMMU JIUIIE TOAi, KOJU 1X MOX-
Ha MoB’sg3aTu 3 (pyHIaMeHTaJIbHUMU natodizionoriu-
HUMM MeXaHi3MaMM, $IKi JiexkaTb B OCHOBi 3aXBOpIO-
BaHHS. Y IbOMY KOHTEKCTi 0COOJIMBOI Baru HabyBalOTh
NOCHiMXKEeHHS, 110 (OKYCYIOTbCS Ha MOJIEKYJISIPHUX
JeTepMiHaHTaX YpaK€HHS OpraHiB-MillleHeil 3a Ko-
MOpOiTHOT MaTOOTiI.

IMonepenHi AOCHIMIXEHHS TMPOAEMOHCTPYBAJIU
MPOTHOCTUYHY 3HAUYLIICTh MapKepa OKCUAATUBHOTO
nomkomkeHHsT JIHK, 8-okco-2'-me30KCUryaHO3WHY
(8-OHAG) [10], Ta migBMIlLEHHS PiBHS MpO3alajb-
HOTro UUTOKiHYy, (haKTopa HEKpO3y MyXJIuH-aibda
(TNF-a), y manienTiB 3 komopbigHictio A" Ta LIZ12 i
OKPECJIOIOTh KJII0YOBI MATOJOTIUHI MPOLIECH, SIKi TTPU-
3BOJISITh 10 MOIIKOXKEHHST HUPOK Ta cyauH [11].

Po3yMiHHS HeDpONPOTEKTUBHUX €(EKTiB iHTiOi-
topiB SGLT2 HeMox1uBe 6e3 TIMOOKOro aHaji3y Toro
natodiziosoriyHoro JaHamadTy, Ha SKOMY BOHU Mdi-
10Th. KapniopeHaqbHUIT MeTabOJiYHUI CUHAPOM €
KOHTUHYYMOM, SIKMI MOYMHAETHCH 3 (PYHIaMEHTAIb-
HUX MOPYLIEHb HAa KJIITUHHOMY DiBHi i 4epe3 HU3KY
B3a€EMOIIOB’I3aHUX KacKadiB MPU3BOAUTH IO KJiHIY-
HO 3HAUYyLIOro ypaxkeHHs opraHiB. OKpiM KJIaCUUHMX
MEXaHi3MiB, Bce OuIbllie yBaru MPUAISETCS HOBUM
LJIsIXaM, TaKuM SIK (heponTo3, MopylleHHsT ayTodarii
Ta A1uc6i03 KUIIKOBO1 MiKpOOiOTH TOILI0, SIKi TAKOX PO-
OJIATh CBill BHECOK Y Lieil CKIaAHUii mporiec [3].

Ilenmpaavna poas incyainopesucmenmunocmi ma
ainomoxkcuynocmi. B ocHOBi MeTabOIIYHOTO CUHAPO-
MY JIEXUTb iHCYJiIHOPE3UCTEHTHICTh — CTaH, 3a KO-
ro KJIiTUHU-MilleHi (mepeayciM y MmeviHli, CKeJIETHUX
M’g3aX Ta XWPOBili TKAHWHi) BTpAyalOTh YYTJIUBICTh
10 HOpMaJbHOTO piBHS iHCyniHY [4]. Lle mpu3BOAUTH
JI0O KOMIEHCATOPHOI TilepiHCYJIiHEMil, SKa Ha mo4yart-
KOBUX eTanax MmiATpUMY€ eyTIiKeMilo, ajie 3 YaCOM BU-
CHaXye€ B-KJIITUHY MiALLTYHKOBOI 3aJ103H, 1110 BEJE 10
Manipecrauii L2 [12].

ITapanenbHO 3 MOpPYLIEHHSIM BYTJI€BOJHOTO O0OMi-
HY PO3BUBAETHCS JUCPETYSLiST METabO0i3My JiMidiB.
IHCY/TiHOPE3UCTEHTHICTh y KUPOBIi TKAaHWUHI TMpU-
3BOJIUTH 10 HEKOHTPOJbOBAHOTO JIIMOi3y Ta BUBiJIb-
HEHHS BEJIMKOI KiJbKOCTi BiJIbBHUX XUPHUX KHUCJIOT
(BXK) y kposortik [4]. Hammumok BXKK mepesuiiye
3[aTHICTh XMUPOBOI TKAHWUHU A0 iX JEMOHYBaHHS Ta
OKHUCJIOBaJIbHY 3MaTHICTh M’SI3iB, 110 MPU3BOIUTH 10
iX eKTOIMiIYHOr0 HAKOMWYEHHSI B HEXMPOBUX TKAHU-
Hax, TaKMX K Te4YiHKa, ceple, MiAIUTyHKOBa 3a7103a
Ta HUPKU — JIIMOTOKCUYHOCTI, SIKa Ma€ pyiHiBHi Ha-
cainku g kmaituH [13]. HakonuueHHST TPOMiXKHUX
MPOAYKTiB JiMiAHOrO OOMiHY (IiallMJITIiLIEPOJIiB, Ke-
paMmifiB) MOPYLIYE BHYTPILIHBbOKJITUHHY TMepenaqy
iHCYJIIHOBOI'O CHUTHaJly, MOCUJIIOIOUM iHCYJIiHOpe3uc-
TEHTHICTb, Ta iHIYKY€E MITOXOHApPiadbHYy TUCHYHKILiIO,
arnomnTo3 Ta 3amajeHHs [5].
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ScKkpaBUM KJIiHIYHAM MPOSIBOM JIIMOTOKCUYHOCTI
€ HeaJIKoroJibHa XupoBa xBopoba nevinku (HAXKXII),
sIKa € HE JIUIIIe MeYiHKOBUM KOMIIOHEHTOM MeTaboJiv-
HOTO CUHIPOMY, a U He3aIeXHUM (PaKTOPOM pU3U-
Ky po3BUTKy XXH Ta ceplieBo-CyIMHHUX 3aXBOPIO-
BaHb [14, 15]. TakuM YMHOM, [JIIOKO- Ta JIITOTOKCUY-
HICTb CTBOPIOIOTh TOKCUYHE MiKpocepeaoBUIE, IO
3aMycKa€e KacKaj NoJaJIbIIIUX MaTOJOTiYHUX MPOLIECIB.

Jucpynxuia ncupoeoi mrkanunu ma cucmemue
3anaaenHA. 3 GizioNOTiYHOI TOUKU 30PY XUPOBY TKa-
HUHY PO3IJISA0OTh HE SIK MAaCUBHE CXOBUILE €HEprii,
a SIK aKTUBHUN €HOOKPUHHUI OpraH, siKUi CEKpETye
YUCJIEHHI 0i0NOTIYHO aKTUBHI PEYOBUHU — aAUIOKi-
Hu [15]. Y 3m0poBOMY cTaHi BOoHa BUPOOJISIE TTepeBaXK-
HO MpOTU3aNalibHi Ta iHCYJiHOCEHCUOUTiI3youi amu-
MOKiHU, 30KpeMa anunoHeKTUH. OHAK 3a OXUPIHHS,
0COOJIMBO BiCLIEPaJILHOTO, BimOyBa€eThcs rinmepTpodis
Ta rinepriasisg aguIoluTiB, O MNPU3BOAUTH A0 JIO-
KaJIbHOI TiMOKCii, iH(inbTpalii iMyHHUMU KJIITUHAMU
(B ocHOBHOMY MakKpodaramu) Ta po3BUTKY XPOHIYHO-
IO CUCTEMHOTO 3amajeHHsI HU3bKOTo cTymeHs [3].

3ananeHHsd KapAWHAJIbHO 3MiHIOE CEKPETOPHUIA
npodisb XUPOBOi TKaHUHU. BindyBaeTbcs 3CyB y Oik
MPOAYKILii MpOo3anaJbHUX AAUMOKIHIB, TAKUX K JIeT-
TUH, PE3UCTUH, Ta Mpo3analbHUX LIUTOKIHiB, 30KpeMa
TNF-a ta inTepaeiikiny-6 (IL-6) [3]. PiseHb mpotu-
3aMaJIbHOTO AIUIMOHEKTUHY, HaBMAKW, 3HAYHO 3HU-
XKyeTbes. lleit nucbanaHc aauMMOKiHIB Ma€ CHUCTEMHI
Hachiaku [3, 15]: migBuIeHHS piBHS JIEITUHY Ta 3HU-
XXKEHHSI aJAUIMOHEKTUHY CHPUSIOTh PO3BUTKY iHCYJIi-
HOPE3UCTEeHTHOCTI B MeYiHLi Ta M’s3ax; mpo3anajbHi
LIMTOKiHM 0e3MocepeJHbO MOUIKOMXYIOTh €HIOTENii
CYIWH, KJIITUHU HUPKOBUX KITYOOUKiB (MOIOLIUTH) Ta
KaHaJbliB, aKTUBYIOTh (iOpoOIaACTU, CTUMYIIOIOYU
npouecu (pidposy; aucdasaHC aaUIOKiHIB TaKOX He-
TaTUBHO BIUIMBA€E HA CKEJIETHI M 513U, CIIPUSIOUYU BTpa-
Ti M’5130BOi MacCH Ta CUJIM — CapKOMEeHii.

V nauienTtiB 3 HAXKXII cnoctepiraloth He Julie
ouikyBaHe 30iJbllIeHHS XUpoBoi Macu (Ha 30,2—
35,2 %), aie it 3HaYHE 3MEHIIEHHS M’S130B01 Macu (Ha
17,4-29,1 %) [15], uo BKa3ye Ha (OPMYBaHHS OCO-
OJIMBO HECHPUSTIUBOTO (DEHOTUITY «CAPKOMEHIUHO-
ro oXupiHHs». Lleli cTaH € He MPOCTOI CYMOIO TBOX
MaTOJIOTIYHUX MPOLIECiB, a CUHEPTETUYHUM SIBULIEM.
3MEeHILeHHSI M’SI30BOi MacU 3HUXY€E 3arajlbHy MeTa-
0OJIiUHY aKTUBHICTh Ta 3AaTHICTb OPTaHi3My YTUi3y-
BaTH IJIIOKO3Y, 110 1Ie Oilblie MOCUIIIOE iHCYiHOpe-
3UCTEHTHICTh. Lle, y cBO1O uepry, Crpusie moganbllii
JIIMOTOKCUYHOCTI Ta mporpecyBanHio HAXKXII, 3amu-
Karo4u MopovyHe KOJo.

Ha Tii cucreMHoro mposamnajibHOIO CTaHy Opra-
Hi3M HaMara€eTbCs aKTUBYBATU €HAOTEHHI KOHTPPEry-
JISITOPHI MexaHi3MU. OJHUM 3 TAKMX MEXaHi3MiB € Mpo-
IYKIisi TPOTU3AMaTIbHOTO LIUTOKIHY iHTEpAerKiHy-37
(IL-37) 3 poaunwm IL-1 [16]. Lleit ©UTOKIH € TOTYX-
HUM NPUPOAHUM CYTIPECOPOM BPOKEHOI Ta alalTUB-
HOi iMyHHOI BiAMOBiAi, SKUI TMPUTHIUYE TMPOAYKLIiIO
TNF-a, IL-1B Ta IL-6 [17]. JocniakxeHHS MOKa3yloTh
CKJIaJHY AWHAMiKy MOro piBHSI y Malli€HTIB 3 XBOPO-

6amu HUpOK. 3a niabeTuyHoi xBopoou HUpokK (JAXH)
1OT0 eKCIpecisi B CUPOBAaTLi Ta TKAHWUHAX HUPOK MOXeE
OyTH 3HAYHO 3HUXEHOW, 10 KOPEJIIE 3 TIXKKICTIO
MPOTEIHYPil, SHUXKEHHAM DYHKIIii HUPOK Ta CTYIIEHEM
$ibposy [18]. Lle MoXe CBiIUUTH HEe TTPOCTO MPO Ha-
SIBHICTh 3aMaJICHHS], a TIPO BUCHAXEHHS €HIOTEHHUX
3aXMCHUX MEXaHi3MiB, 1110 € MapKePOM JEKOMIEHCALIil
Ta nepexoay 10 HE3BOPOTHUX 3MiH. HaBmaku, B iHIIKX
nonyasuisgx nauieHtiB 3 XXH, Hanpukiam, Ha reMo-
nianisi, pieHb [L-37 Moxxe OyTh KOMIIEHCATOPHO Mifl-
BUILEHUM, aje, UMOBIPHO, HEAOCTATHIM JJIs1 TOBHOTO
KOHTPOJIIO HaJ MOTYXKHUM 3alajbHUM mporecom [3].
g cknagHa nuHaMika MiAKpPeCIIO€ BaXJIMBiCTh Oa-
JIAHCY MiX Mpo- Ta MPOTU3AMAIbHUMU CUCTEMaMU B
naToreHe3i ypaxkeHHs HUPOK.

Oxkcudamuenuii cmpec 5K yHieepcaivbHUil me-
XaHnizm ywrxooxcenns. linepriikemiss Ta HaIJIWIIOK
B2XK cTBOpIOIOTH ifeanbHi YMOBU JisI HAAMipHOTO
YTBOpeHHsI akTUBHUX ¢opMm KucHio (ADPK) — Buco-
KOPEAKTUBHUX MOJEKYJ, SIKi MOIIKOIXKYIOTh KIITUHHI
crpyktypu [19]. OcHoBHUMU mkepenamu ADK y 11p0-
MY KOHTEKCTI €:

MIMOXOHOPIanbHUll OUXAAbHUN AAHY02 — «TIepEeBaH-
TaXXEHHS» MITOXOHAPiA cyOcTpatamu (TJIOKO3010,
B2XK) npu3BoauTtb 10 «BUTOKY» €JEKTPOHIB Ta iX-
HbOI B3a€EMO/ii 3 KNCHEM 3 YTBOPEHHSIM CYMNepOK-
cua-aHioHy [5];
akmusauis NADPH-okcudasu (NOX) — rineprii-
KeMisl Ta TMpo3amnajbHi HMTOKIHU aKTUBYIOTb (ep-
MeHTHi KoMmiuiekeu NOX, 1110 € TTOTY>KHUMU TeHe-
patopamu ADK y KiiTHHaX cyauH Ta HUpoK [20];
2110K0300Kcudayis Ta YTBOPEHHS KiHIIEBUX IIPO-
NyKTiB TJikyBaHHS (aHra. advanced glycation end
products, AGEs) — HedepMeHTaTUBHA peakilis
[JIIOKO3M 3 OiIKaMu Ta JiligamMy MPU3BOAUTH IO
ytBopeHHs AGESs, sKi, B3aeMoitouu 3i CBOIMHU pe-
nentopamu (aHri. receptor for AGE, RAGE), cTu-
MYJIIOIOTh 3amajieHHs Ta mpoaykKiito ADK [21].
Hannuimok A®K nepeBuiilye mOTyXXHIiCTh aHTH-
OKCHUJIAHTHUX CUCTEM OpraHi3my (CynepoKCUAIUCMY-
Ta3u, KaTtaaasu, NIyTaTiOHNEPOKCUAA31), IO MPU3BO-
JIUTh 10 CTaHy, BiTOMOTO SIK OKcHaaTUBHUM cTpec [19].
Hisg A®K npu3BoauTh 10 MEPEKNUCHOTO OKUCICHHS JIi-
MiAiB KJIITUHHUX MEeMOpaH, OKUCIIOBAIbHOI MoauU®i-
Kallii 0iJIKiB, O MOPYIIYE IXHIO (PYHKIIiIO, Ta MOLIKO-
JUKEHHS HYKJIETHOBUX KUCJIOT.

Oc0011BO YYTJIMBOIO 10 OKCUAATUBHOIO MOIIKO-
mxeHHs € JJHK. OgHuM 3 Hal6iibll BUBYEHUX MPO-
nykriB okucienns JHK e 8-OHdG. Moro piseHb y
T1a3Mi KpoBi Ta cedi BinoOpaxkae iHTEHCUBHICTb OKCU -
JNaTUBHOTO CTpecy B opradi3mi. IlomepenHi mocii-
JUKEHHS TepeKOHIUBO MPOAEMOHCTPYBAIU, 1O Y Ma-
LIiEHTIB 3 KOMOPOiAHICTIO apTepiaJibHOI TinmepTeH3ii Ta
1ykpoBoro aiadety 2 tuny piBeHb 8-OHdG € 3HaunmMo
MiABUILIEHUM i MA€ MPOTHOCTUYHY LiHHICTb 1110JI0 PO3-
BUTKY ceplieBO-cynuHHUX yckianHeHb [10]. Lle mia-
KPECJI0E POJIb OKCUAATUBHOTO CTPECY SIK KJIIOYOBOTO
MediaTopa ypaXeHHs OpraHiB-MillleHel y BiAnoBigHil
MOMYJISLIl MalliEHTIB.
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Temoodunamiuni nopywmenna ma HupKoea Mikpo-
uyupkyaayia. Ha nomatox mo MeTaboiYHMX Ta 3a-
MaJIbHUX MOPYIIEHb, KJIIOYOBY POJIb Y MPOrpecyBaHHI
ypaxkeHHsI HUPOK BillirpaloTh reMOAMHaMiuyHi (pakTo-
pu [5]. Y HOpMi HUPKOBHI KPOBOTIK Ta TUCK yCepe -
WHi KIyOOUKiB IMiATPUMYIOTHCSI Ha CTaOiTbHOMY PiBHi
3aBASIKM MEXaHi3My TyOyJIOTJIOMEpYJISIpPHOTO 3BOPOT-
Horo 3B’s3Ky (TI'33). CneuianizoBaHi KIITUHY 1IiTb-
Hoi TIsMu (macula densa) B AUCTaJbHOMY KaHaJbIIi
pearyloTh Ha KOHIIEHTpallilo XJIOpUAy HaTpilo B ceyvi Ta,
BiATIOBIIHO, PETyJIOIOTh TOHYC MPUHOCHOI (adpepeHT-
HOI) apTepioan KIIyoouKa.

3a LIyKpOoBOTO AiabeTy 2 TUITY eKCIIpecisl Ta aKTUB-
HicTb KoTpaHcnopTepiB SGLT2 y mpokcuManbHUX Ka-
HaJbUSIX MiIABUILYETHCS, 110 MPU3BOIUTH 10 HAAMIip-
Hoi peabcopO11ii TIF0KO3U Ta HaTpilo. BHacaigok uboro
1o macula densa HaZXOAUTh MEHIIIE HATPilO, 1110 XMOHO
IHTEpIPETYEThCA SIK 3HMXKEHHS Mep@y3iiHOrO TUCKY.
VYV BiInoBigp 3alycKaeThCs CUTHAJ, SIKMIM BHMKIHUKAE
poswupeHHs adepeHTHOI aprepionu [6]. OxHoYacHa
3 IIUM aKTHUBallisl peHiH-aHTiOTeH3UH-aTbI0CTEPOHO-
Boi cuctemMu (PAAC) npu3BoauTh 10 Ba30KOHCTPUK-
1ii # 3By:KeHHSI BUHOCHOI (e(pepeHTHOi) apTepionu Ta
301IbIIEHHST IBUIKOCTI KJIYOOYKOBOI (inbTpaliii (Ti-
nepdinprpariii) [6].

Xoua Ha paHHIX cTafdisgx rinepginbTpallisg Moxke
3[1aBaTHCS CIPUSITIMBUM SIBUIIEM, Y JOBIOCTPOKOBIi
MepCIeKTUBI BOHA € BKpaii pyliHiBHOIO. [TigBuieHui
TiIPOCTaTUYHUI TUCK Ta MEXaHiYHE PO3TATHEHHS BU-
KJIMKAIOTh IOIIKOIXKCHHS Ta BTpaTy IOAOIUTIB, MO-
pyLIeHHS LiJicHOCTi ¢inbTpaliiiHoro 6ap’epy (110
NpU3BOAUTHL OO0 ajlbOyMiHypii) Ta 3amycKaloTb IpO-
Hecu ckiieposy Ta ¢ioposy kiayboukiB [5]. Takum
YUHOM, BHYTPIilIHHOKJIYOOUKOBA TillepTEeH3isl € 1LIeH-
TpaJIbHUM TeMOAVMHAMiYHUM MEXaHi3MOM, SIKa Bele
JI0 HEBIUHHOTO MPOTrpecyBaHHS AiaOETUYHOI XBOPO-
OU HUPOK.

Inrioitopy SGLT2: eBoionisi 10Ka30Boi 6a3u
Ta cyyacHi KimiHiyHi HacTaHoBM. [losiBa iHTiGiTOpIB
SGLT2 xkapauHalbHO 3MiHUIA TTiAXOOM A0 JTiKyBaH-
Hs TIALIiEHTIB 3 KapHiopeHaJlbHUM METa0OJiYHUM
cuHapoMoM [6]. Ll 3miHa Oyyia 3yMOBJIEHA He JIMIIE
TEOPETUYHUMM NPUIYIICHHSAMU i TaHUMH €KCIIe-
PUMEHTAJIbHUX JOCIIIXEeHb, a i IIOTYXXHOI0 J0Ka30-
BOIO 023010, OTPUMAaHOIO B cepii BeTMKOMACIITAOHUX
PKJI, pe3yabraTu sIKUX IIBUIKO 3HAWIIIM BigmoOpa-
JKEHHS B IPOBITHUX MiXKHaPOAHUX KJIIHIYHUX HAacTa-
HoBax [7].

Jlanowagpm rarouoeux KaiHiuHUX 00CAIONCEHD.
EBouttontist noka3zoBoi 6a3u 111 iSGLT2 € yHiKalbHUM
MPUMKIIAIOM TOTO, K MOCTIIKEHHS, CIIOYaTKy CILIa-
HOBaHi I TMiATBEepIKEHHS Oe3MeKU, BUSBUIN 0e3-
MNpeleaeHTHI IiepeBaru, 1o Ipru3Beo 10 MPOBEACHHS
HoBux PKJI, crienianbHO po3po0aeHUX IJ1 BUBYCHHS
OPraHOIMPOTEKILii.

ITouyaTKoBi DOCHTIIXXEHHS CeplEeBO-CYAMHHUX Ha-
cnigkiB (aHri. cardiovascular outcome trials, CVOTs),
taki 5K EMPA-REG OUTCOME (emnarmnicio3uH),
CANVAS Program (xanarnidaosun) ta DECLARE-

TIMI 58 (nanarnicio3uH), 0yJ0 IPOBEAEHO Ha Malli-
eHTtax 3 LIJI2 Ta BUCOKUM ceplieBO-CyIUHHUM PU3U-
KoM [22—24]. IXHbOIO OCHOBHOIO METOIO OYJIO 10BeC-
TH, WO 1i TpenapaTy He MiABUIIYIOTh PU3UK CEPLIEBO-
cynuHHUX mnofiil. Ilpore pe3ynbTaTu mNepeBeplInUIn
BCi OUiKyBaHHS: OyJO MPOJEMOHCTPOBAHO HE JIUIIIE
Oe3reky, a il 3HaYHe 3HUXKEHHS KOMOiHOBaHUX ceplie-
BO-CYIMHHUX KiHIIEBUX TOYOK, 30KpeMa CeplLeBO-Cy-
JUHHOT CMEPTI Ta, 1110 HaliBaXJIMBille, rocIiTaai3awii
3 mpuBony CH [25]. KpiMm Toro, y BCiX TpbOX HOCITi-
JUKEHHSIX OyJI0 Bil3HAYEHO 3HAYHE YIOBIIBHEHHS MPO-
rpecyBaHHS HUPKOBUX YCKJIATHEHD.

Ili HecrmopniBaHi, ajae TMOCHINOBHI pe3yJabTaTU
CTaJiM TOUITOBXOM JJi TIPOBENEHHS CIeliati3o-
BaHUX HUPKOBUX Ta KapIiOJOTIYHUX HOCTiIXEHb.
CREDENCE (kanarnidao3un) 0yno nepumum PKJI,
crieuiaabHO PO3poOJIEHUM JIs1 OLIiIHIOBAHHSI HUPKO-
BUX HacigkiB y mauieHtiB 3 L[JI2 ta XXH [6, 26].
Moro 6yno D0CTPOKOBO 3yMMHEHO 4Yepe3 O4YeBHUIHY
e(eKTUBHICTh i TPOAEMOHCTPOBAHO 3HUXEHHS PU3U-
Ky MEPBUHHOT HUPKOBOT KiHII€BOI TOUKHU (TepMiHaJb-
Hoi ctaaii XXH, moaBoeHHsT KpeaTHuHiHY a00 HUPKO-
Boi cMepTi) Ha 34 %.

HactynmHuM KpoKOM CcTajliu AOCHiAXEeHHS, SKi
po3mmpwiu nonyisuito namieHtis. DAPA-HF (na-
narnidao3un) Ta EMPEROR-Reduced (emmarmid-
JIO3UH) MPOAEMOHCTPYBaJIM Bpaxawue 3HUXKEHHS
PU3BUKY CEPLEBO-CYAMHHOI CMEPTi Ta TMOTipLIeHHS
CH y naui€eHTiB i3 ceplieBOI0 HeIOCTATHICTIO 3i 3HU-
XKEHOW (pakiliero BUKUAY, TpUIoMy Lieil epekT OyB
OIHAKOBUM SIK y maiieHTiB 3 LIJ12, Tak i 6e3 HborO [7]
sodium-glucose co-transporter-2 (SGLT2. Ile crano
MepUIUM MTEPEKOHIMBUM JOKA30M TOTO, 1110 MepeBaru
[1iI03MHIB He 3a1eXaTh Bill HASIBHOCTI niabeTy.

OcTaToyHe MiATBEPIXEHHS  YHIBEPCAJIbHOC-
Ti HePONMPOTEKTUBHUX MEXaHi3MiB OyJ0O OTpuMa-
Ho B nociainxeHHsx DAPA-CKD (mamarnidyio3viH)
ta EMPA-KIDNEY (emmarmidaosun) [6]. i PK/]
BKJIIOUWJIM IIUPOKY momysiuito mamieHTiB 3 XXH (3
anbOyMiHypi€to Ta 0e3 Hei, 3 Pi3HOIO eTioJIoTielo 3a-
XBOPIOBAHHS), OJMU3bKO TPETUHU 3 SKUX HE Mallu
LykpoBoro aiabety. ObuaBa HOCHiAXEHHS MoKa3aiu
3HaUHE 3HUWXEHHS PU3UKY MEPBUHHOI KOMOiHOBa-
HO1 HUPKOBOI KiHIIEBOI TOYKHU (CTiAKOTO 3HUXEHHS
plIK®, tepminanbHoi cramii XXH abo cepueso-
CyAMHHOI 4 HUPKOBOi cMmepTi) [6]. Li pesynbraTu
octaTouHo 3akpinunu ctatyc iSGLT?2 gk pyHgameH-
TaJILHOTO KJIacy MpermnapariB 1151 JikyBaHHs XXH, He-
3aJ1€KHO BiJl il IPUYMHU.

Lleit nutsax Big qoCaiAXeHb 6€3MeKU 10 TOBENCHHS
OPraHoOMpOTEeKIlii B LIMPOKUX MOMYJISIISIX AEMOHCTPYE
HE MPOCTO PO3IIMPEHHS MOKa3aHb, a PyHIaMEHTAIb-
HUIi 3CyB y po3yMiHHi JikyBaHHs LI]2 Ta fioro yckiana-
HeHb (Tabu. 1).
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Tabauys 1
Kmouosi pannomizoBani KiiHiuHi qocaimkenns inridiropis SGLT2
AKpOHiM AOCNIAXEHHS Mpenapat KinbkicTb Kntoyosi lepBMHHA HUPKOBA NepBuHHa OCHOBHUIA
nawjieHTiB Kputepii KiHLeBa TOYKa cepLeBo-CyanHHa pesynbrat
BK/IIOYEHHS KiHLLeBa TOYKa
EMPA-REG EMnarnidnosuH 7020 (Uf2 KomnosutHa 3-Toukosuit MACE |4 39 % (HnpkoBa);
OUTCOME [27, 28] (empagliflozin) BCcTaHoBneHe | (nomBoeHHs kpeatuHiny, | (CC cMeptb,  14.% (MACE);
cc3 TCXH, HupkoBa cMepTb) | HedaTanbHuil 4 38 % (CC cmeprb)
IM, HedbaTanbHuiA
iHCYNbT)
CANVAS Program KaHarnipnosuH 10142 | LLA2, BuCOKMiA [porpecyBaHHs 3-Toukosuii MACE |4 40 % (Hupkosa);
(CANVAS + CANVAS-R) | (canagliflozin) CC puavk anbByMmiHypii, ¥ 4 0% { 14.% (MACE)
[29,30] pLLIK®, TCXH, HupkoBa
CMepTb
DECLARE-TIMI 58 Nanarnihnosux 17160 | L02, KomnosutHa (¥ 240 % | MACE (ko-  47% (Hvpkosa);
[31,32] (dapaglifiozin) BCTaHOB/EHE pLLK®, TCXH, Hupkosa | nepsutHHa); CC 4 17% (CC cmepTb,
CC3 abo cMepTb) cMeptb abo FCH | FCH)
MHOXMHHi (Ko-nepsuHHa)
bakTopun pusnky
CREDENCE [33] KaHarnicnosuH 4401 [ LLA2, XXH KomnosutHa CC cmeprb, IM, 4 30% (Hupkosa)
(canagliflozin) (pLLK®M 30-90, | (nomBoEHHS KpeatuHiHy, | iHcynbr, TCH
CAK > 300 mr/r) | TCXH, CC, HupkoBa
CMepTb)
DAPA-CKD [34, 35] Nanarnidnosnt 4304 | XXH (pLUKD KomnosuTHa (cTilike CC cmeptb, ICH { 39 % (Hupkosa)
(dapagliflozin) 25-75, CAK 4 250 % pLLK®, TCXH,
>200 Mr/r), 3uu | CC i HpkoBa cMepTb)
6es L]12
EMPA-KIDNEY [36, 37] | EMnarnidnosuH 6609 | XXH (pLUKD MporpecysaHHs XXH ['CH, CC cMepTb 4 28 % (HupKoga,
(empagliflozin) 20-45 abo (TCXH, criitke ¥ pLLIK® CC cmeptb)
pLUK®D 45-903 | no <10, cTiiike ¥ 2 40 %
CAK = 200 mr/r), | pLUK®, HupkoBa
34u bes L]12 cMepTb) abo CC cMepTb
DAPA-HF [38, 39] Nanarnihnosux 4744 | CH 3i 3HUXEHOI0 - MoriptuexHs CH 26 % (nepeuHHa
(dapagliflozin) OB (< 40 %), 3 umn abo CC cMeptb TOYKa)
6es L]12
EMPEROR- EmnarnignosuH 5730 | CH 3i sHiXeHoH - CC cMepTb a6o ICH | 4 25 % (nepeuHHa
Reduced [40, 41] (empagliflozin) OB (< 40 %), 3 un T0YKa)
6es L12

Ckopouenns:

112, yyxposuii diabem 2 muny; CC3, cepuego-cydurne 3axeoprosants; XXH, xpouiuna xeopoba Hupok;

pLIK®, pospaxynkosa weudkicms kayboukosoi pinompauii (ma/xe/ 1,73 m?); CAK, cniesionowenns anvoymin/
kpeamunin (me/2); MACE, eeauxi necnpusamaugi cepyego-cydunni nodii; IM, inghapxm miokapoa;
CC, cepyeso-cyounna; 'CH, eocnimanizayis 3 npusody cepuesoi nedocmamuocmi; TCXH, mepminarvha cmadis

XpoHiuHoi xeopobu Hupok; DB, gpaxuyin eurxudy.

Sxio panille miaxig OyB «IIIOKOLUEHTPUUHUM»,
TO Temep BiH CTaB «OPraHONPOTEKTUBHUM». KUTiHiuHI
HACTAaHOBM BiJpearyBaju Ha L JaHi, peKOMEHIYIOUN
npu3HadyeHHs iSGLT2 Ha ocHoBi HasgBHOCTI XXH abo
CH He3ajexXHO Bil BUXiZHOTO piBHS ITIKOBAaHOIO Te-
momio6iny [8]. Takum ynHOM iHri6iTopu SGLT?2 eBo-
JIIOLIOHYBAJIM Bifl «IIperiapariB IJisl 1iabeTy, sSIKi TaKOX
JIOTIOMAaraloTh HUPKaM» IO «IIpPeIapariB JIs HUPOK Ta
ceplsl, sIKi TaKOX 3HIKYIOTh PiBeHb TJTIOKO3W», IO
KapaMHaAJbHO 3MiHIOE Miaxim mo BuUOOpY Tepamii mJist
MUIBAOHIB MALi€HTIB y BCbOMY CBITi [8].

Cunme3 pexomendauiii npogioHux MiNcHaApoo-
Hux moeapucme. Pesynpratu nposeneHux PKJI Oyno
LIBUJIKO iHTETpOBaHO B KJiHiYHi HAaCTaHOBU IMPOBiJI-
HUX TpodeciiiHux opraHizauiii, copmyBaBIIU TJI0-
OasibHUI KOHCeHCeyc moao poi iSGLT?2 [8].

Linuii psan iHiniatus (aHria. Kidney Disease
Outcomes Quality Initiative, KDOQI; Kidney Disease:
Improving Global Outcomes, KDIGO) y cBoix oHOB-
JICHUX HacTaHoOBax 3 JiikyBaHHS aiabety 3a XXH
(2020 ... 2024) pexomenaye iSGLT?2 gk Tepamito nep-
mwoi minii mrg namieHTiB 3 2 ta XXH 3 pIIK®
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> 20 ma/x8/1,73 M2 [42]. BaxinBo, 1110 LI PEKOMEH-

Jailist 0a3yeTbCs Ha JOBEJEHUX HUPKOBUX Ta CEPLIEBO-

CYIMHHUX MepeBarax, a He Ha moTpeOdi B IIiKeMiuHOMY

koHTpodti. Ilicasa ny6naikauii DAPA-CKD ta EMPA-

KIDNEY ui pekoMeHnauii Oyau MoluMpeHi i Ha maili-

enriB 3 XXH 6e3 giaGety [7].

Amepukancoka acouiauis diabemy (aHTII. American
Diabetes Association, ADA) y cBoix mopiunux «CtaH-
JapTax MeIUYHOI JOMOMOIM 3a AiabeTy» peKOMEHAYE
iSGLT?2 nmauientam 3 IIJ12 Ta BctaHoBieHo0 XXH a6o
CH a1 3HUXEHHS pU3UKY NTPOrPEeCYBaHHS 3aXBOPIO-
BaHHS Ta CEPLEBO-CYAMHHUX MOJiil He3aJeXHO Bif
BuxigHoro piBHS HbAlc a6o BukopucTtaHHs MeT(hop-
MiHy [43].

€esponeiicbke _mogapucmeo _kapdionoeie (aHTIL.
European Society of Cardiology, ESC) y cBoix Ha-
CTaHOBAX 3 JIIKYBaHHS CEPLIEBOI HETOCTATHOCTI PEKO-
meHaye iSGLT?2 (mnanarnidio3uH, eMnariaio3uH) K
(yHmameHTanpHy Tepamilo IS BCiX Malli€EHTIB 3 KJi-
HiyHnMHU cuMmnromamu CH He3anexxHo Bing HasgBHOCTI
12 nyis 3HUXKEHHST pU3UKY TOCHiTali3alliii Ta cMep-
Ti [44—48].

TakuM 4YMHOM, iCHYE MiXKIUCHUIJIIHAPHUNA KOH-
ceHcyc (HedpoJoriB, eHIOKPUHOJOIIB, KapaioJoriB)
moao npioputetHoro BukopuctanHda iSGLT2 y mwu-
POKOi MOMYJISLil MallieHTIB 3 KAPAiOPEHAIBHOIO MeTa-
GoJiiuHOIO maroJorieo [8].

Heposé’azani numanna ma nanpamku maioym-
Hix docaidxwcens. He3Baxaiouy Ha 3HAYHUIA IIPOTPEC,
3aJIMIIAETHCS HU3KA BaXJIUBUX MUTaHb, 10 MOTPeOy-
IOTh TOAAIBIIOTO BUBYEHHS:

—  00820CcMPOK08I HACAIOKU XPOHIYH020 Kemo3y — Xoda
MOMipHEe MiJBUIIEHHS PiBHS KETOHIB, iHIYKOBaHE
iSGLT2, BBaXXa€eThCsl CIPUITIAUBUM, TOBFOCTPOKO-
Bi e(beKTU 1IbOTO CTaHY Ha Pi3Hi OpTaHU Ta CUCTEMU
MOTPeOyIOTh MOAATBIIOTO MOHITOPUHTY;

— BNAUB HA MIKPOOIOM KuuleyHUKa — 3 SIBJSIETHCS BCE
OiJbllle TaHUX MPO Te, 10 MiKPOOiOM KUIlleYHUKA
Ta oro MetTaboJliTh, Taki SK TPUMETUIAMiHOKCU]L
(anra. trimethylamine oxide, TMAO), Bimirpa-
I0Th BaXXKJIMBY DPOJIb y TaTOTreHe3i KapaiopeHaslb-
HMX 3aXBOpIOBaHb [49], i HEOOXiTHO TOCTITUTH, K
iSGLT?2 BrnuBaoTh Ha CKJIaJ Ta QYHKIiIO MiKpoOi-
OMY i UM OTOCEPEeNKOBYETHCS YACTUHA IXHiX edhek-
TiB 4epe3s 1110 BiChb;

— KomOinosana mepania — iHrioitopu SGLT2 € yac-
TUHOIO KOMILJIEKCHOI Teparii i BaXJIMBO BUBUUTHU
IXHIO B3a€EMOJiI0 3 iHIIMMM Cy4YaCHUMH KjacaMu
MnpernapariB, TAKUMMU SIK aTOHICTUA PELENTOPiB IJI0-
KaroHonopaioHoro nentuay-1 (al'TITI-1) Ta He-
CTEpOiHi AHTATOHICTU MiHEPATOKOPTUKOITHUX
peuenropiB (biHnepeHoH) [1, 2]; mochimkeHHs iX-
HBOTO CYKYIMTHOTO METAa0O0JIOMHOTO e(eKTy MOXe
BUSIBUT CUHEPTETUYHI MEXaHi3MU Ta JOIMOMOTTH
y po3poOLi Haibibll palioHabHUX KOMOiHalii
JUIS MAKCUMaJIbHOI opraHomnpoTtekiii [S0].

— 3acmocyeanusa y xeopux Ha XXH V ma 3a iniyiauii
dianizy —Xo4ayHacTaHOBaX, 30kpema KDIGO 2024,
pO3IIUPEHO TOKa3aHHS [JIs iHiuialii Tepamii A0

pIIK® < 20 mn/xs/1,73M2 (ay gocnimxkenni EMPA-
KIDNEY BK/II0YEHO HEBEIMKY KiIbKiCTh MaLliEHTIB
3 pIK® 15-20 mi/x8/1,73M2), 3anuinaeTbes mpo-
TaJIMHA Yy JaHUX LIOAO iHiliallil JiKyBaHHS y Malli-
entiB 3 pIIK® muxue 20 mi1/x8/1,73M2. Baxxnusum
KPOKOM Y KJTiHIYHill MpaKTHUlli cTajia peKOMEeHALLisI
MIPOIOBXYBATH Tepalriio, HaBiTh Ko pLIIK® ma-
nae Huxde 20 mu/xs/1,73M2, axX 10 MOMEHTY I10-
yaTKy HUpKoBoi 3aMmicHoi Tepamii (H3T). OnHak,
MUTaHHS AOUIIBHOCTI 3actocyBaHHs iSGLT2 y
nauieHriB, gki Bxe orpumytotb H3T (remomianis
abo mepuTOHeaNbHMIA Miali3), € OAHIEI0 3 KIIOYO-
BUX HEBUDilIEHUX MpoOsieM. BifIbLIiCTh BEIUKUX
PK] BukItoyanu 10 MOMyJsLilo, i TpaauLiiHOKO
OyJna AyMKa Npo TNMPUIIMHEHHS Teparlii, OCKiJIbKU
iXHili reMOAMHAMIYHUI Ta MIIOKO3YpUUHMIA edek-
TU 3HaYHO 3HUXYIOThCS ab0 HiBemoloThes. [IpoTte,
1eil MOTrsia Hapasi 3a3Hae KapAWHAJIbHOTO Iie-
pernsgay. 3pocTae po3yMiHHSI TOro, 11O IepeBaru
r1iJIO3UHIB y MAlli€EHTIB Ha Jialli3i MOXYTh OyTH
OIMOCEePEeNKOBAHUMU HE HUPKOBUMU, a MPSIMUMU
MeTabOoJiYHUMHU Ta KapAialbHUMU MEXaHi3MaMW,
TaKUMMU K 3HUXKEHHS 3aMajleHHsI, OKCUTaTUBHOTO
CTpecy, peryJjsuis ayrodarii Ta 3MeHIIEHHS PiBHiB
BHYTPIIIIHbOKJIITUHHOTO HATPilO Ta KaJblIilo B Kap-
niomionuTax [51]. Lli MmetaGomivyHi eeKTH MOXYTh
3abe3MneyyBaTy KapAioNMpoTeKLilo He3aJleXHO Bil
¢yHkuii HUpOoK. JleKinbKa KIiHIYHUX AOCHTiIXEHb
BX€ MPOBOJSATHLCS IS OLIHKUA CEPLEBO-CYAUHHUX
HACJiKiB y MalliEHTIB Ha reMofiati3i, a 3acTocy-
BaHHS MPU MEPUTOHEATBLHOMY Jiajli3i OMUCYETHCS
SIK «baratoobiusgrounii pyoix» [51]. JocmimkeHHs
Oe3meku Ta €(peKTUBHOCTI B Liii MOMyasLii Hali-
BUILOTO PU3UKY, BPaxOBYIOUM TakKox papMako-
KiHETUYHi OCOOJMUBOCTI (HANMpUKJIa[A, BUBEAECHHS
npenapary IiJ yac cecii aianizy), € KpUTUYHUM Ha-
MPSIMKOM MaiOyTHiX JOCTiAXKEHb.

Po3p’s13aHHSA LIMX TWUTaHb IO3BOJUTH HE JIUIIE
mmoIIe 3po3ymiTh MexaHizmu nii iISGLT2, a i onTu-
Mi3yBaTH IXHE 3aCTOCYBaHHSI, HAOJIM3UBIIM HAC 10 epu
cIpaBli epCOHaTi30BaHOI Ta BUCOKOS(PEKTUBHOI HE-
¢po- Ta KapaionpoTeKIlii.

BucHoBku:

1.  Inri6itopu SGLT2 3pilicCHUIM COpaBXHIO PEeBO-
JIIOLII0 B JIIKyBaHHI MAalli€EHTIB 3 KapAiOpeHaIb-
HUM MeTa0oJiuyHUM cUHApoMOM. IlepekoHiuBa
JIoKa30Ba 0aza, oTpUMaHa B Cepii 3HAKOBUX paH-
JIOMi30BaHUX KJIiHIYHMX JOCJIiIXEeHb, Ta IXHS MO~
Jlajplila iMIJIEeMEHTAallisl B MPOBiIHI MiXHapOAHi
KJIiHIYHi HAacTaHOBM Oe33arepeyHo 3aKpiluiun 3a
HUMMU cTaTyc ByHAAMEHTAIbHOI Tepanii. IXHs fno-
BelleHa 3[MaTHICTh YMOBUIBHIOBATU MPOTrPECyBaH-
HSI XpPOHIYHOI XBOPOOU HUPOK, 3HUXKYBATU PU3UK
rocmitajizauiil 3 MpuBoOaY CeplieBOl HEAOCTATHOC-
Ti Ta CeplEBO-CYIMHHOI CMEPTi MOLIMPIOETHCS Ha
IMUPOKY MOMYJISALi0 Mali€HTIB, BKJIIOYAIOYN OCi0
0e3 LYKpOBOTO AiabeTy, 110 CBIAYUTh MPO YHiBep-
CaJIbHICTh IXHiX 3aXMCHUX MEXaHi3MiB.

94 LLIkona Hedponora

YKPAIHCBKUIN XYPHOA HEPPROAOTTT Ta Aianizy N24 (88) 2025



Ukrainian Journal of Nephrology and Dialysis, 4 (88)’2025

Nephrology School

Pesynbsratu orisimy oOTpYHTOBYIOTh BaXJIMBiCTh
iHTerpauii 3HaHb, OTPUMAHUX Ha Pi3HUX PiBHSX,
BiJl (yHIaAMEHTAJIbHUX OOCHIiIXEHb MOJEKYJISIP-
HMX MeXaHi3MiB IO BEJIMKOMACIITAOHUX KITiHIY-
HUX BUMpPOOYBaHb. PobOOTH, sIKi imeHTUdiKyBaiu
KJII04OBi matoizionoriyHi MmillieHi, Taki Ik OKCU-
JMIATUBHUM CTpEC Ta CUCTEMHE 3alajieHHs, y maili-
€HTIB 3 KOMOPOiIHOIO MATOJIOTi€I0, HANAIOTh pa-
LiOHaJIbHE OOIPYHTYBAaHHS JJIs1 KJIiHIYHUX Tepe-
Bar, 1110 CITOCTEPiraloThCs 3aBASKU 3aCTOCYBAaHHIO
iHriditopiB SGLT2. Ile neMOHCTpYE, K TJIMOOKeE
PO3YMiHHS «IIpOOJeMU» Ha MOJIEKYISIPHOMY PiBHi
JI03BOJISIE TOBHOIO MipOIO OLIHUTU €(PEKTUBHICTh
TePaNeBTUYHOTO «PO3B’SI3aHHSI».

MaiibyTHe HedponpoTeKiii Oe3CyMHIBHO Jie-
KUTh Y TUIOLIMHI MEpCOHAai30BaHOI MEIMLIMHU.
[Momanpimuii po3BUTOK Ta 3aCTOCYBAaHHS MYJIb-
TUOMIKCHUMX TEXHOJIOTi, BKJIIOYAalOuUM MeTabo-
JIOMIKY, (papmMakoreHoMikKy Ta ¢apmMakoMeTabo-
JIOMIKY, TO3BOJUTH iIeHTU(dIKyBaT OioMapKepu
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Konechnk M.O

OCHOBM

TpaHcnNaHTauinHol

HE®PONOrTi

3 Toro yacy, Sk TpaHciuiaHTamis Hupku (TH)
OyJia BIIepllie YCITLIHO IpoBeacHa JoKTopoM [xKo3e-
dbom MroppeeM y 1954 porri, BigOyaucs 3HaYHI 3MiHU
B TPAHCIUIAHTOJIOTi1 Ta iMyHOJIOTII, 1110 103BOJIMJIO IT0-
KpalllUTH Mig0ip napu JOHOP-PELIUITIEHT.

30iNbIIeHHS KiJIbKOCTI TMauieHTiB 3 XXHV, akum
HeoOximHa TH, morpebye MakcuMalbHO SIKiCHOTO Me-
IUYHOTO 3a0e3IeYeHHS Ha KOXKHOMY eTarli: 1o, i yac
Ta micis onepauii. BenenHs kanauaaris Ha TH, penu-
Mi€HTIB Ta XXMBUX JOHOPIB 3roJ0M CTa€ AeAalli CKiaaa-
HIIIMM, OCKiJIBKM HAayKOBi Ta KJiHiIYHi AOCSITHEHHS
JI03BOJISIIOTH TIPOBOJMTU TpaHCILIAHTALIilO TMalliEHTaM,
SIKi paHille HiKoJIU 6 He CTallu peluuIi€eHTaMuU.

Ycnimnawnit po3sutok TH HemoxxnuBuii 6e3 TpaH-
crlaHTaliiiHO1 Hedposorii. TpaHcninaHTaimiiiHa He-
dpororig - 1e ckiaagoBa Hedposorii, ska BKIIOUYAE
BimOip MOTEHLiMHUX PEUMITIEHTIB i JOHOPIB, BeACHHS
MOCTTPAHCIIJIAHTALIITHOTO TEepioay, a TaKOX KOOPAr-
Hallilo JIiKyBaHHS 3 iHILIMMU CHelialicTaMu.

B YkpaiHi 10 1boro yacy nuTaHHsI TpaHCIUIaHTa-
LiliHOi Hedposorii HaBiTh HE 0OTOBOPIOBAIUCH, TAlli-
eHTtamu micing TH 3aliManucs cami TpaHCIJIAaHTOJIOTH,
CiMEWHI JIiKapi, TepaneBTH, 1O 3HUXYBAJIO SIKiCTh Ji-
KyBaHHS$ PELUITIEHTIB.

IlepecamkeHa HUpPKa — XBOpa HUpPKA i MOTpeOye
KBaJli(hiKOBaHOTO CITOCTEPEKEHHS Ta JIIKyBaHHA i, 3BU-
yaifHO, y IbOMY OCHOBHY POJib MAalOTh BiJlirpaBaTU He-
¢posoru, mpote OiAbLIICTh i3 HUX He MAIOTh JIJIsI IIbOTO
npogeciiinoi minrorosku. Crig BpaxyBaTu (akT, IO
KiJIBKiCTh pEIUITIEHTIB HUPKU B YKpaiHi 30ibIIYETHCS
1 Haft6mkyMM yacoM ix oyae monan 10000, mpupoaHo,
K 1 B 6aratbox KpaiHax, IMOPYILIYEThCS MMUTAHHS TIPO
cyOcneniaabHiCTh — TpaHCIJIaHTaliiHUIT HedpoJor,
saKuit roryBatume xBoporo Ha XXHV no TH ta BecTu-
Me peluMITi€EHTa ITiclIs Hel.

Y 3B’I3Ky 3 UMM BHIaHHS MoHoTpadii
M.O.Konechnka «OcHOBM TpaHCIJIAaHTALliifHOT He-
¢ponorii» myxke cBoeyacHe. Llsg moHorpadist, dax-

Peuen3is
HA MOHOrpadgir

M.O.KoxaecHuka

«OcHOBH
TPAHCILIAHTALIAHO]I
HedpoJIorii»

TUYHO TIAPYYHUK 3 TpaHCIIaHTaliiiHOI Hedpoorii,
B sIKiil JocBimueHU#t Hedposor onucye Bei etanu TH,
MOYMHAIOUYM 3 IiATOTOBKHU TallieHTa Ta BigOopy Maili-
eHTiB Ha TH i 10 ycKagHeHb, 1110 BAHUKAIOTh Y TIePio/
¢yHKIIIOHYBaHHS TpaHCIUIAaHTATA.

ABTOp [OKJAQIHO OIHUCYE €Tamd OOCTEXEHHS
MaitOyTHHOTO pPELIUITIEHTA, L€ CTOCYEThCSI HacaMIle-
pell cepleBO-CYIMHHOI CUCTEeMU, METa0OIIYHUX TT0-
pyllIeHb, YCKJIAAHEHb TPUBAJIOTO Aiajlidy Ta iHIIe Ha
MiJCTaBi YOro MOXJIMWBE MPOTHO3YBAaHHSI pe3yJbTaTy
TpaHCIJIaHTallil, BU3Ha4YeHHs Toka3aHb 1o TH. Jle-
TaJIbHO BHCBiTJIeHa IIpo0JieMa MOHOPCTBA HUPKU 3
aKIIEHTOM Ha MPUYMHU, SIKi MOXYTh YHEMOXJIMBUTH
3a0ip HUPKHU.

Y posnini «TpaHcrulaHTauifiHa iMyHOJIOTis» BHU-
KJIaJIcHO OCHOBM iMYHOJIOrii, 6€3 3HaHb SIKUX HEMOXK-
JIMBO TIPOBOJIUTH aleKBaTHY iMYHOCYIIPECUBHY Tepa-
Mio, AiarHOCTYBaTU Ta JIiIKyBaTW iIMyHOJIOTiYHI YCKIaI-
HeHHs micag TH. JoxkianHno onucani HIIA tunyBaHHS
PELMITIEHTIB, MOHSTTS KpOC-Mauy, TOCTPOTO i XpOHiu-
HOTO BiATOPrHEHHS.

Y HacTynmHOMY po3fdiii copMyaboBaHi 3arajabHi
NPUHLUIM iIMyHOCYIIPECUBHOI Tepallii Ha BCiX eTarax
TpaHCIUJIaHTaLlll Ta MNOCTTpaHCIUIAHTALiAHOTO Iepi-
Olly, HaBelleHO METOAWKM iHAYKUIAHOI Ta MiATpUMY-
BaJIbHOI Teparii.

VY posnini «TpaHcmnanTauiitHa Mopdoaorist» Tmim-
KpECIIOEThCST 3HAYYIIICTh OioICii TpaHCcIIaHTaTa IJIst
IiarHOCTUKM MPUYMH IUCGYHKIII, 3BepTaEThCs yBara
Ha iH(OpMATUBHICTh HYJILOBOI OiOIICii, IK Giomncii mo-
PIBHSIHHSI 1JI BU3HAYe€HHS MOpP@OIOriyHOI AUHAMIi-
KM 3a IepioJ KUTTS TpaHCIUIaHTaTa. Ha Xanb, Hemae
Mop(dOoaOTriyHOI KapTUHU ILIMKIIOCIIOPUHOBOI Hedpo-
TOKCHUYHOCTI, a caMe 1151 NaTOJIOTisd — OJHA 3 OCHOBHUX
MNPUYMH BTpPATU TpaHCIJIaHTaTa Yy BigJalieHi TepMiHU Ta
JiarHOCTYETHCS JIMIIE 3a JOTTOMOTOI0 MOP(OJOTIYHUX
JIOCHTiMXeHb. Y po3dili JTOKJIaZHO OIMMCAHO CydacHy
ban¢ knacudikairito marosorii TpaHCIIaHTaTa. ABTOD
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TMOCUJIAEThCS HAa iHO3EMHI JKepesa, Xo4ya y BiTYM3HS -
Hili JliTepatypi HOCUTh OaraTo cTaTeil, MPUCBSIYECHUX
MOPGhOJIOTIYHOMY MOHITOPUHTY MEPECAIKEHOT HUPKU
(T.H.Hikonenko, A,C.Tpainin).

YV posnini «TpancnnaHTauiiiHa Oioximist» g0-
KJIaJHO BUCBITJIEHO OiOXiMiuHi MpOLIECH B OpraHi3mi
peuunieHTa, ocoOJMBO ileMiuHO-penepdy3iiiHi mo-
IIKO/KEHHS, SIKi BU3HA4YalTh momaibliny goaw TH.
VY po3pini Takox OOGroBOPIOIOTHCS MPOOJEMU MOPY-
ILIEHHS KoaryJislilii, 3amajbHi Tpolecu, MeTabosiu-
Hi nopyiuieHHs. [IponoHyloThcsl OioXiMiuHI Mapkepu
KOHTpoJII0 (yHKIIi1 TpaHcIutanTata. [IpoTe aBTOp HE
MPUAIIUB yBaru AWHaMilli He(pUHY i MamOLUHY, SKi
iHDOPMYIOTh TIPO CTYMiHb MOLIKOIXEHHS MaaOLUTIB.
He MeHin Baxknausoro Oyna 6 iHdopMmalisi mpo romo-
LIMCTEIH, K (paKTOp, 110 CIIPUSIE MiABUILEHHIO PU3UKY
TpoM003y i mporpecy arepockjiepo3dy. Hemae maHux
CTOCOBHO BiTamiHy /.

Y pospini «BigTOprHeHHs TpaHCIJIaHTOBAHOI
HUPKU» aBTOPU NOKJIAJAHO OMUCATU MaTOTeHe3, Kili-
HiKY BiATOPTHEHHS Ta Cy4yacHi METOAU MPOMITaKTUKHU
Ta JiKyBaHHsI BinToprHeHHs1. Po3nin mae Hedposory
OCHOBHi MOHSTTS MPO BapiaHTU BiNTOPTHEHHS, BaX-
JIMBICTh CBOEYACHO1 JiarHOCTUKU Ta BUOOPY METOIY
JIiKyBaHHSI. ABTOp JOKJIAAHO OMHUCYE MPAKTUYHO BCi
MOXJIMBI BapiaHTH JIiKyBaHHS BiITOPIrHEHHS, BKJIIOYA-
0uu 11a3mMogepes, Ta 3BepTa€ yBary Ha HEOOXimHiCTb
MPaBWJIBHOTO BUOOpPY METOAY 3aJeXHO Bif BapiaHTy
BiATOPTHEHHS.

Y cboMOMYy pO3[iJii OMUCYETHCS CKIaaHa MpobJie-
ma — TH y pa3i ABO HecyMiCHOCTi JOHOpa Ta peLu-
nieHTa. HaBeaeHo cydyacHi MpOTOKOJIM MiATOTOBKHU pe-
LIMITIEHTA O TAKOTO BapiaHTa TPaHCILJIAHTALIIl.

Y posnini, NpUCBIYEHOMY MOHITOPUHIY ITiCJS
TH, HaBeneHi OCHOBHI mapaMeTpu, SIKi CJifi KOHTp-
OJIIOBATU MPOTSATOM yChOTO TepioAy (DYHKIIIOHYBaHHS
TpaHCIUIaHTATA.

Y posznini «ITi3Hi XipypriuHi YCKJIagHEHHS MiCJas
TPaHCIUTaHTAallil HUPKU B MPaKTULli Heposiora» HaBO-
JIATHCS BITOMOCTI PO HAUMOIIWPEHIIli YCKIaAHEHHS,
MPUPOIHO, 110 PaHHI YCKJIAIHEHHS — 1€ A0JS Xipyp-
TiB, ajle MOXJIMBUI PO3BUTOK Mi3HiX YCKJIAIHEHD i PO
i€ TIOBUHHI 3HATH i BMiTU AiarHOCTYBaTU TPaHCIJIaH-
TalliliHi HedpoJoru.

IlocTpaHCIUTAaHTALLIHHUM  TJIOMEPYJISIPHUM Ma-
TOJIOTiSIM MPUCBSYEHO HACTymHUI po3aia. OmnucaHo
YacTOTy PELIUAUBY EPBUHHUX XBOPOO HUPKU peLUTIi-
€HTa, 3 HUX Hanuacrime, 10 30%, pokajibHO-IIIOME-

PYJSIpHUI CKJIEPO3. ABTOP HABOIUTH MPOTOKOJIU MOXK-
JINBOTO JIIKyBaHHS PELUMIUBIB MATOJIOTil HUPKU.

V 11 posaini noknagHo nmpeacTaBiieHi MPaKTUYHO
BCi BapiaHTU MOXJIMBUX iHOEKUIMHUX YCKIATHEHb B
pi3Hi epioAyr XKUTTS TPAHCIIAHTATa, 3 HUX HAOLIbIIT
HeOe3mneyHi BipycHi iH(eKIlil i Hacammepea [UTOMe-
rajioBipycHa iHdekuis. HaBeneHo mpoTtokoau mpodi-
JIAKTUKU Ta JiKyBaHHS iH(PEKLUiHHUX YyCKIaTHEHD.

Poznin «TepaneBTUUHi MillleHi MOAOBXEHHS
(yHKIIOHYBaHHS TPAHCIUIAHTOBAHOI HUPKW» TPU-
CBSIUEHUU BKpail akTyalbHIll MpoOieMi: MpUYMHAM
BincrpoueHoi ¢pyHkuii TH i Hacammnepen imemMiuHO-
nep@ys3iiHUM TOIIKOAXEHHAM. JlIsi TpaHCcmaaHTa-
LiAHOTO HedbpOoora BaXJIMBO 3HATHU 11i IPUYUHU, BMi-
TU NiarHOCTYBaTH, JIIKyBaTH, 110 MOXE rapaHTyBaTU
TpUBAJiCTh (PYHKIIOHYBAHHS TpaHCIJIAHTATA.

B ocTtaHHbOMY pO3aiJli 0OTOBOPIOIOTHCS TMPO-
Oonemu, sIK OyTH 3 HEPYHKUIOHYIOUMM TpaHCIJIaHTAa-
TOM — MPOJOBXUTHU iMyHocyrmpecito i 3anummtu TH
YM BUJAIUTHU ii. {711 mpaBUJILHOTO PillleHHsI HeOOXia-
HO pO3yMiTu mpuyuHy BTpaTu pyHkuii TH: peunaus
MEPBMHHOI IaTOJIOTiI, HEOIUIACTUYHUI mpolec abo
¢inan BinToprHeHHs. TakThKa pi3Ha — MPOTOBXUTU
IMYHOCYIIpPECito, BUIATUTU TPaHCIIJIAHTaT ab0 pO3rs-
JIaTU MOTO SIK CTOPOHHE TLTO, IO HE BIUIMBAE HA CTaH
peuunieHTa. Y BUIMIaaKaX pELUAMBY MAaTOJIOTii Ta HEO-
MJTACTUYHOTO MPOLIECY TPAHCTUIAHTAT BUAAISIOTD.

Monorpadis M.O.KonecHuka «OcCHOBU TpaH-
CIUIaHTalliliHOI HedpoJiorii» PaKTUUHO JOPOXKHS Kap-
Ta 1Sl TpaHCIUIaHTaUiiHOro Hedposora, OXOIUIIE
MpPaKTUYHO BCi MUTaHHS, MOB’SI3aHi 3 TpaHCILJIaHTalli-
€10 HUPKU Ta MOJATBIIUM CIIOCTEPEXKEHHSIM 3a PelU-
nieHToM. IToTpiOHO 4iTKO yCBigoMJIIOBaTH, IO Mepe-
caJKeHa HUpKa — XBOpa HUPKa, 1110 BUMarae kpatidi-
KOBAaHOTO CIIOCTEPEeXEeHHS Hedposora il CBOEYaCHOT
JIaTHOCTUKMU YCKJIaAHEeHb Ta JikyBaHHs. Ha Xxanb, He-
¢pooru Maiixke He 3HalloMi 3 LiuMu nipobsemamu. Li
JMOAATKOBI 3HAaHHS He(MPOJOrM 3MOXYTh OTPUMATHU 3
iei MoHOTpadii.

Cnin 3a3HauuTH, 110 MOHOrpadis migHiMae psn
OpraHizalliiHUX TpPoOJeM: XTO TOTyBaTUME€ TpaH-
CIUTAaHTALiTHUX HEe(POJIOTiB, Y IKUX JiKyBaTbHUX 3a-
KJagaXx BOHM MalTh MpaLoBaTU Ta SIKi iX (QyHKIIiO-
HaJIbHi 000B’SI3KU.

ChnogiBatoch, 110 MOHOrpadisi JacTh MOYaTOK HO-
BOMY €Tamly PO3BUTKY CIeliali30BaHOI MEIUYHOI J0-
nomoru xBopuM Ha XXH 3aranoM Ta i3 3aCTOCyBaHHSIM
TH 30xpema.

Axademix O.C. Hixonenko
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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-JIAiH CUCTEMY, SIKA MICTHUTBLCS 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;

12. Tekcr cratTi;

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.

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).

100  IHdoOpPMALa AAST YMTOUIB
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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 epeBipsI0ThH HA TIJIariaT 3a TOMOMOTO0 TIpOrpamMu
eTXT Antumnnaruar https://www.etxt.ru/antiplagiat,
III0 € HEOOXiTHOIO YMOBOIO IJIs Ilepenadi CTaTTi IS
MOJAJBIIOr0 pelieH3yBaHHsA. PiBeHb iHAMBiTyab-
HOCTi TOCTiIKeHHST Ma€ OyTH He Huxkuuit 80%.
HaykoBuii cTub BUKJIaAeHHS MaTepiany.

3. TaBrtoJOrito — MOBTOPIOBAaHHS Y TEKCTi.
VYHiBepcallbHiCTh BUKJIaJIeHHS MaTepiany (uutabdesib-
HicTb). TekcT cTaTTi Ma€ Jerko Ta MpPOCTO CIPUIi-
MaTHCs, He OyTU MepeoOTsKeHUM abpeBiaTypaMiu,
CIIeLiaJIbHOI0 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 meHn1ie 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

BigOupaau»; «I0CHiIXKEHHS 30iHCHIOBAIUCS» — «J10-

CITiIXEeHHS 3MiCHIIN.

11. fxio BUHMKAMOTh MUTAHHS IIOA0 OGOPMICHHS 4
MpeacTaBJIeHHS NeBHUX JaHUX Y CTATTi — MOXHa Opa-
TH 3pa30K OCTAaHHLOTO HOMEDPY XKYypHay.

12. BincyTHS MOXIUMBICT peiaryBaHHS PUCYHKIiB, Ta-
Oonuni, dopmys, HaBedeHUX y pobori. HeoOximHo
HagaTH pemakilii 3MOory iX pemaryBaTu, TOOTO He BH-
KOPHUCTOBYBAaTU HECTAHAAPTHI MPOrpamu.

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

Y pasi HeraTUBHOI HAyYKOBOI peneH3ii, CTaTTi He my-
OJIIKYIOTbCS, ABTOPAM €J1. MOUITOI) HAJCUJIAETHCS BilryK 3
MOXKJIMBICTIO JOONPALMIOBAHHA CTATTI 4M 3aMiHM ii iHIIAM
Marepiajaom.
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