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There is an increase in kidney injuries around the world. Regeneration of congenital and acquired single kidney has its
characteristics. The study aimed to create a systematic analysis of data presented in the modern scientific literature on the
optimal assessment of the formation of the compensatory-adaptive response of a single kidney to damage. The decisive
role in the structure formation of the single kidney after unilateral nephrectomy belongs to the level of physiological organ
regeneration. The most common complications of a single kidney after nephrectomy in the immediate postoperative period are
chronic pyelonephritis, nephrogenic hypertension, and chronic renal failure in the latent stage. In the experiment on rats, the
morphometric characteristics of a single kidney compensatory hypertrophy were established. Theories of regeneration in renal
tissue are covered. The adaptive phenomenon occurs in a single kidney due to a decrease in the nephron’s number. Increases in
both kidney size and function have been shown in animal and human studies. The pathogenesis of a single kidney injury is not
fully understood. The most common causes of closed injuries were traffic injuries, and the second place was taken by falls. Over
the last decade, there has been a shift from surgical treatment of traumatic kidney injury to conservative treatment. The issue of
practicality and safety of the non-surgical approaches to blunt and penetrating traumatic kidney injuries remains controversial
and does not lose its relevance. Absolute indications for surgical treatment are the lack of response to resuscitation measures
for renal bleeding and damage to renal vessels. There are different approaches to kidney treatment injuries by urologists and
trauma surgeons. The main mistakes in providing surgical care for gunshot wounds to the kidneys.
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Relationship of the publication with planned
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«Features of compensatory and adaptive processes
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mals and clinical and experimental justification of
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Introduction. Today, massive kidney injuries due to
bombings and attacks have become a new phenome-
non in Europe and other regions, leading to many seri-
ous injuries [1]. Worldwide, renal trauma is present in
approximately 0.5-5 % of patients with traumatic injury
[2]. The growth of renal injuries and the presence of
congenital malformations require careful assessment
of the risks of surgery and the choice of optimal care
tactics. It should be understood that surgery may
lead to deterioration or loss of single kidney function,
which will require dialysis or kidney transplantation.
The prognosis of the patient’s life, the choice of treat-
ment tactics, and the patient’s survival largely depend
on the correctness of the assessment of the single kid-
ney functional condition. The mechanisms that lead to
kidney damage are only partially studied, so early bio-
markers are needed to distinguish people at increased
risk of kidney damage [3].

A U.S. epidemiological study of 96,217 kidney
donors found a significant chronic kidney disease
prevalence in donors, hypertension, and chronic
renal failure (CRF) compared to healthy controls [4].
Furthermore, the cause of CRF in donors was most
often immunological kidney disease. Thus, renal
donors have an increased long-term risk of develop-
ing an end-stage renal disease, cardiovascular mortal-
ity, and all-cause mortality compared with non-donor
controls [5].

The aim of the study. Carry out a systematic analysis
of the data presented in the modern scientific litera-
ture on the optimal assessment of the compensatory-
adaptive response formation of a single kidney to
damage.

Main part. Depending on the injury mechanism,
kidney injuries are divided into closed (blunt) injuries
(most often in falls and car accidents) and penetrating
injuries (gunshot and knife wounds) [6]. The patho-
genesis of a single kidney closed trauma is not fully
determined.

The classification of closed kidney injury, according
to the recommendations of the American Association
for the Surgery of Trauma (AAST), includes five stages
(table) [7].

Ukrainian scientists professors S.0. Vozianov and
OV Shulyak proposed a slightly different classification
of closed kidney injury [8]:

e Contusion.

e Capsule ruptures, trauma to the renal adipose
tissue, small subcapsular ruptures of the renal paren-
chyma, perirenal hematoma.

¢ Rupture the capsule and parenchyma, not reach-
ing the cups and bowl.

¢ Rupture of the parenchyma penetrating the cups
or bowl.

e Crushing.

e Avulsion of the main renal vessels and ureter.

e Kidney contusion in extracorporeal shock wave
lithotripsy.

e latrogenic damage.

e Combination of these injuries with damage to
other organs.

Slowing down and speeding up the kidneys” move-
ment are the main factors that cause injury. The
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majority (93 %) arose due to closed injuries. Road traffic
injuries were the most common mechanism (53 %), fol-
lowed by falls (29 %). Most kidney damage (89 %) was
associated with damage to other organs [9].

Table — Classification of closed kidney injury, according
to the AAST recommendations

Degree . . s
of injury Injury type Injury description
Contusion, micro- or macrohematuria,
Contusion indicators of renal examinations without
I significant deviations
Subcapsular, not increasing, without
Hematoma
rupture of the parenchyma
Hematoma Nop—progresswe pe.rllrenal hematoma
. limited to paranephritis
. <1.0 cm deep renal cortex, without
Laceration .
extravasation
> 1.0 cm deep in the renal cortex,
11} Laceration without rupture of the hollow system or
extravasation of urine
Rupture of the parenchyma passing
Laceration through the cortical layer, medullary
v layer and hollow system
Vascular Injury to the main artery or vein of the
kidney with associated bleeding
Laceration Complete crushing of the kidney
v Vascular Avulsion of the renal pedicle leading to
complete devascularization of the kidney

The trauma of a single kidney has its characteristics.
It has been established that complications of a single
kidney after the opposite nephrectomy are chronic pye-
lonephritis, nephrogenic hypertension, chronic renal
failure, which has progressed over time, and nephro-
sclerosis. Several authors have demonstrated that
trauma to the congenital single-functioning kidney can
lead to hypertension, albuminuria, and decreased renal
function, resulting in end-stage renal disease [10]. Data
analysis from 2,684 patients revealed hypertension in
16 % of patients, albuminuria in 21 %, and decreased
GFR in 10 %. Living with a congenital single-functioning
kidney leads to hypertension, proteinuria, and loss of
kidney function [11].

Adaptive processes in a single kidney. In the sin-
gle kidney, after removal of the contralateral, com-
pensatory apparatus of the remaining kidney develop
(increased blood flow and glomerular hyperfiltration),
which maintains function at elevated levels and initially
leads to hypertrophy of the glomeruli and nephron
tubules [12] and then decrease glomerular filtration
rate (GFR) and creatinine clearance, which in longer
periods after surgery remain 15-25 % less than base-
line. Intraglomerular hypertension causes podocyte
damage. Glomerulomegaly and an increase in trans-
forming growth factor-B1 cause podocytes to detach
from the glomeruli basement membrane and further
glomerulosclerosis [13]. In the experiment, the ultras-
tructure of single kidney podocytes is characterized by
broad cytotrabeculae, which end in cytopodia in con-

tact with the basement membrane. Heterogeneity of
such structures is noted [14].

The crucial role in the adaptive processes formation
of a single kidney after unilateral nephrectomy is the
level of physiological organ regeneration [15]. It should
be noted that experiments with uninephrectomy in
rats and humans have shown an inverse correlation
between age and increased glomerular filtration rate
(GFR), indicating long-term maladaptation [16].

An experiment on rats revealed morphometric char-
acteristics of compensatory hypertrophy of a single
kidney left after contralateral nephrectomy [17]. After
seven days, the increase in kidney volume in adult rats
was 8.5 %, after 14 days — by 30.45 %, and further sta-
ble growth from 25.93 % to 28.28 %. In immature rats,
there was an increase after seven days by 32.71 %, after
14 days — by 38.90 %, after 21 days by 43.86 %, and
after 30 days — by 48.05 %. Studies [18] have shown
that the maximum hypertrophy of an acquired single
kidney is 77 % of the volume sum of two kidneys in
the control group. The adaptive phenomenon occurs
in a single kidney due to a decrease in the nephrons’
number. Submicroscopic studies of the cortical sub-
stance of an animal’s single kidney after contralateral
nephrectomy found that the adaptive-compensatory
processes are manifested in the early experiment
stages by compensatory hypertrophy of nephron struc-
tural components and reorganization of the vascular
bed. In the later experiment stages with a long-term
functional load on a single kidney, some nephrons
develop morphofunctional changes of a destructive
nature [20].

The morphometric renal corpuscles analysis of the
acquired single kidney in an experiment on rats showed
their growth in the postoperative period up to the
seventh day (a daily increase from 1.81 % to 4.07 %)
[21]. The average daily growth continued in the subse-
qguent postoperative period after the contralateral kid-
ney removal but was less (p <0.05). It was found that
the growth rates of proximal and distal convoluted
tubules exceeded the growth rates of the renal corpus-
cle components [22]. Massive loss of nephrons, com-
pensated by glomerular hypertrophy, is a pre-patholog-
ical condition leading to glomerulosclerosis and further
decreased functional renal tissue capacity. Recent
experimental evidence suggests significant feedback
between the number of nephrons and the risk of cardi-
ovascular disease [23, 24]. Adult patients with congen-
ital renal impairment have been associated with hyper-
tension and cardiovascular complications [25].

Electron microscopic studies of the proximal convo-
luted tubules of the cortical nephrons of the young ani-
mals’ single kidneys found that the wall contains «dark»
epitheliocytes with osmophilic cytoplasm. In such a
cell, there is a pyknotic, irregularly shaped nucleus. The
cytoplasm has a small area. It has poorly contoured
organelles, impaired basal striation, and microvilli on
the apical surface [26]. According to researchers, con-
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voluted tubules are not restored in the death of the
vascular glomerulus [27].

Epitheliocytes with light round nuclei and euchro-
matin in the karyoplasm are observed submicroscop-
ically in the distal parts of the convoluted tubules of
nephrons of the immature animal’s kidneys. In the basal
parts of the cell’s cytoplasm, the membrane folds are
not long, partially damaged. Mitochondria lose their
orderly location, their matrix becomes osmophilic, and
it is poorly detected cristae. The apical areas are swol-
len, and the hyaloplasm in them is electron-light, which
has few organelles [26]. Accumulated data suggest that
mitochondrial dysfunction plays a crucial role in the
pathogenesis of acute renal injury [28].

There are two theories [29] about the regenera-
tion nature of renal tissue: one suggests that progen-
itor cells in different parts of the kidney may have dif-
ferent pools. The second theory is that various factors
that damage the kidney activate certain cell popula-
tions. It is also believed that both regeneration mecha-
nisms can coexist in a single kidney, which determines
the adaptive-compensatory processes of the kidney
[30, 31].

In chronic renal failure, researchers have proposed
two strategies for kidney recovery [32]. The first is to
use the nephrogenic kidney potential, i. e., renal stem
cells in neonephrogenesis, and the second is due to
extrarenal stem cells that perform paracrine effects.
These include hematopoietic stem cells of the red
bone marrow, mesenchymal stem cells (anti-inflamma-
tory and anti-apoptotic effect), and progenitor cells of
endothelial cells (proangiogenic and promitotic effect).
In addition, the authors emphasize that stem cells are
ideal for gene therapy, cell transplantation, and tissue
engineering [33].

Our analysis of the cell cycle of single kidney corti-
cal cells of adult rats indicates an increase in prolifera-
tion and renewal activity in the immediate postopera-
tive period after nephrectomy, which explains the rise
in kidney mass and volume. It was found that during
60 days of observation of nephrectomized animals, the
proportion of renal cortex cells, which was in phase S,
was higher compared with animals of control group 2
(p<0.05). Hypertrophy of the rats’ single kidney after
unilateral nephrectomy is accompanied by activation of
apoptosis in the kidney tissue, manifested in increased
DNA fragmentation in the renal tissue of the experi-
mental animals’ single kidneys from 7 to 21 days. The
peak of this activation was observed on the 7th day
after nephrectomy. It indicates apoptosis activation in
conditions of enhanced proliferation.

According to scientists, the only functioning kidney
that exists from birth is less hypertrophied than a sin-
gle kidney after the opposite nephrectomy [34]. The
cell cycle of single kidney cortex cells in immature ani-
mals has its characteristics: the number of cells in the
synthetic period of the cell cycle (phase S) increases in
the immediate postoperative period after nephrectomy

(7-14 days), in subsequent follow-up (30-90 days) vice
versa statistically significant decreases. After 7-14 days,
the cortex cells are statistically significantly more in
phase S than in adults (p<0,05). In the GOG1 and G2+M
phases, the cells number in the dynamics of observa-
tion after nephrectomy did not change statistically
significantly [35].

Kidney damage and repair are complex and multi-
factorial, including interactions between microvascu-
lar, tubular, inflammatory factors and various signaling
pathways [36].

It is crucial to establish the topographic and ana-
tomical position of the kidney to determine the com-
plications mechanisms in trauma to a single kidney.
As shown by mathematical modeling, the increase in
kidney mass leads to its movement. The kidney moves
down along its axis, and the angle in the frontal pro-
jection of a single kidney decreases [37]. Quantitative
analysis of the single kidney position in three coordi-
nate planes makes it possible to predict the occurrence
of kidney disease. Studies have confirmed the relation-
ship between hemodynamic disorders in nephroptosis
with the patients’ distribution by the degree of kidney
omission. The correlation results, cluster, and discri-
minant analysis showed a closer relationship between
hemodynamic abnormalities and the degree of renal
rotation [38]. Some scientists believe that kidney rota-
tion is a more significant factor influencing the patient’s
condition than its omission.

Treatment of kidney injury. The goal of treating kid-
ney injury is to avoid mortality by controlling bleeding,
preserving the nephron, and preventing complications.

Over the last decade, there has been a shift from
surgical treatment of traumatic kidney injury to con-
servative [39]. However, the issue of the feasibility and
safety of a non-surgical approach to blunt and penetrat-
ing traumatic kidney injury remains controversial and
relevant.

Conservative treatment includes bed rest, mainte-
nance therapy for vital signs, monitoring of laboratory
tests and computed tomography, and minimally inva-
sive procedures (angioembolization or stenting of the
ureter) if indicated [40]. Angioembolization can be used
for single kidney injury [41]. Patients with degree Il kid-
ney injury can be treated conservatively through active
monitoring and angioembolization [42]. The effective-
ness of non-surgical treatment is confirmed by sys-
tematic examination and meta-analysis [43]. Physical
activity in individuals with congenital single-functioning
kidneys reduces the risk of several chronic diseases
[44]. Because individuals with a congenitally function-
ing kidney have an increased risk of kidney damage,
exercise should be encouraged, not restricted.

Absolute indications for surgical treatment are the
response lack to resuscitation measures for renal bleed-
ing and damage to renal vessels [45]. Damage to a sin-
gle kidney is an indication of organ-saving treatment.
Early ureteral stenting is an effective urinary excretion
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method for treating symptomatic anury in patients with
a single kidney [46].

There is a different approach to treating kid-
ney injury by urologists and trauma surgeons [47].
Urological recommendations tend to focus more on
organ preservation (maximum preservation of renal
tissue), while trauma surgeons generally consider sta-
bilization of physiology more important than organ
preservation [48].

The main mistakes in providing surgical care for
gunshot wounds of the genitourinary system are insuf-
ficient secondary examination and application of pri-
mary sutures after the primary surgical treatment with-
out the necessary indications. The formation of the
primary urethral suture is recommended not earlier
than 6 hours after the gunshot wound. Instead, sur-
gery without laparotomy and extensive abdomen and
pelvis revision is not recommended for combined gun-
shot wounds with suspected urogenital lesions. Thus,
the need to create modern optimal diagnostic and
therapeutic tactics for victims of combined injuries of

increasing proportion of combat injuries during military
conflicts [49].

Conclusions. Systematic analysis of current sci-
entific data has shown an increase in kidney injury.
Regeneration after the congenital and acquired sin-
gle kidney trauma has its characteristics. It has been
established that complications of a single kidney after
the opposite nephrectomy are chronic pyelonephritis,
nephrogenic hypertension, chronic renal failure, which
has progressed over time, and nephrosclerosis. The
adaptive phenomenon occurs in a single kidney due to
a decrease in the nephrons’ number. In the case of a
single kidney injury, it is crucial to establish a change in
the topographic and anatomical position of the single
kidney. The transition effectiveness over the last dec-
ade from surgical treatment of closed traumatic kidney
injuries to conservative has been confirmed by a sys-
tematic review and meta-analysis.

Prospects for further research. Further research of
reparative processes after the trauma of the acquired
single kidney is planned.

the genitourinary system remains relevant due to the
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OCOB/IMBOCTI KOMMNEHCATOPHO-NMPUCTOCYBAJIbHUX NMPOLLECIB NPU TPABMYBAHHI E4UHOT HUPKUN

NisTopak B.l., MoHacTupcbkuii B.M., MonoHesunu C.B., MisTopak K.B., bByabko M.M.

Pe3tome. Y faHii poboTi NnpoBefeHO aHasi3 CydacHUX HayKOBMX NiTEPATYPHUX AKepes, WoAo naToreHesy TpasBMu
€AnHOT HUpPKK. lMpeactaBneHa Knacudikalis 3aKpuToi TPaBMM HUPKWK, 3rigAHO 3 pekomeHAauiaMm AMepUKaHCbKOT
Acoujauii xipypriyHoi TpaBMK Ta KnacudikaLis 3aKpUTOi TPAaBMM HUPOK, LLO 3aMPOMNOHOBaHA YKPATHCbKMMU BYEHUMM.
Ocob6nuBy yBary 6yno npugineHo MopboMeTpUYHOMY aHanNi3y HUPKOBUX TineLb HabyTol EAUHOT HUPKKU B EKCNIEPUMEHTI.
CybmikpoCKoniYHi A0CAiAKEHHS KiPKOBOI PEYOBUHMN EAMHOI HUPKM TBAaPUH Nicia HedpeKToMil KOHTpaiaTepasibHOI NoKa-
3a/11, WO B paHHi TEPMiHWM JOCAIAY NPUCTOCYBA/IbHO-KOMMNEHCATOPHI NPOLLECH NPOABAAITLCA KOMMNEHCAaTOPHOHO rinep-
Tpodi€eto CTPYKTYPHUX KOMMNOHEHTIB HEDPOHIB Ta peopraHisaLieto CyanHHoro pycna. Y nisHi TepmiHn gocaigy npm tpu-
BasioMy OYHKLIOHa/IbHOMY HaBaHTaXeHi HA EAMHY HUPKY, Y YacTUHU HeppPOHiIB po3BMBatOTLCA MOPGODYHKLIOHANbHI
3MiHM AeCTPYKTUBHOIO XapakTepy.HakonuyeHi gaHi ceigyaTb nNpo Te, Wo MiToXoHApianbHa AUCOYHKLUiA Bigirpae Bupi-
LWANbHY PO/b Y MaTOreHesi rocTpoi TPaBMMU HUPKKU. NpoBeAeHUI aHani3 KAITUHHOTO UMKAY KNITUH KipKOBOI pevyoBUHMU
€AMHOT HUPKM CTaTeBO3PINUX LLYPIB BKA3YyE Ha MiABULLEHHA aKTUBHOCTI nponidepaLii Ta OHOBNAEHHA Y HaNbAMKYOMY
nicaaonepauinHomy nepiogi nicna HedpeKToMii, LLO NOACHIOE 3pOCTaHHA MacKk Ta 06’eMy HUPKKU. AanTuBHUIA deHo-
MEH BMHUKAE B €EAMHIN HUPLj BHACNIAOK 3MEHLUEHHA YMcaa HedpoHiB. Mpu TpaBmi EANHOT HUPKKU BAXK/IMBO BCTAHO-
BUTW 3MiHY TOnorpa0aHaTOMI4YHOTO NMONOKEHHA EANHOT HUPKW. TiATBEPAKEHO CUCTEMATUYHUM OINIAAOM i MeTaaHani-
30M edeKTUBHICTb Nepexoay NPOTArOM OCTaHHbOTO AECATUAITTA Big, ONepaTUBHOIO NiKYBaHHA 3aKPUTUX TPAaBMATUUHUX
YLWKOAKEHb HAUPKN [0 KOHCepBAaTUBHOr0. OCHOBHMMM NOMWJIKAMW Y Haf@HHI XipypriYyHOi 4ONOMOrM NpU BOrHEMabHUX
NMOPAHEHHAX OPraHiB ceyocTaTeBoi CUCTEMM € HELOCTaTHIN BTOPUHHUI OMAL Ta HAKAALAHHA NEPBUHHMX LWBIB Micns
3aKiHYEHHA MepPBUHHOI XipypriyHoi 06pobKM 6e3 HeobxigHMX MoKasaHb. BCTaHOBMEHO, WO YCKNAAHEHHAMW €AMHOI
HUPKK Nicna HedpPeKTOMIi NPOTUAEKHOT € XPOHIYHMI NienoHedpUT, HedporeHHa rinepTeHsia, XPOHiYHa HUPKOBA Heao-
CTATHICTb, AKA 3 YacoOM nporpecysana, HeppPocKNepos.

KniouoBi cnoBa: eanHa HUPKA, TPaBMa, NiKyBaHHA, YCKIAAHEHHA.

FEATURES OF COMPENSATOR-ADAPTIVE PROCESSES IN INJURY OF A SINGLE KIDNEY

Pivtorak V.I., Monastyrskiy V.M., Polonevych S.V., Pivtorak K.V., Bulko M.P.

Abstract. This paper analyzes the current scientific literature on the pathogenesis of single kidney injury. The
classification of blunt kidney injury according to the recommendations of the American Surgical Trauma Association and
the classification of blunt kidney injury proposed by Ukrainian scientists are presented. Particular attention was paid
to the morphometric analysis of the renal corpuscles of the acquired single kidney in the experiment. Submicroscopic
studies of the cortical substance of a single kidney of animals after contralateral nephrectomy showed that in the
early stages of the experiment adaptive-compensatory processes are manifested by compensatory hypertrophy of the
structural components of the nephrons and reorganization of the vascular bed. In the later stages of the experiment
with prolonged functional load on a single kidney, some nephrons develop morphofunctional changes of a destructive
nature. Accumulated data suggest that mitochondrial dysfunction plays a crucial role in the pathogenesis of acute
renal injury. The analysis of the cell cycle of the cortical cells of a single kidney of adult rats indicates an increase in
proliferation and renewal activity in the immediate postoperative period after nephrectomy, which explains the
increase in kidney mass and volume. The adaptive phenomenon occurs in a single kidney due to a decrease in the
number of nephrons. In the case of a single kidney injury, it is important to establish a change in the topographic
and anatomical position of the single kidney. The effectiveness of the transition from surgical treatment of blunt
traumatic kidney injuries to conservative treatment in the last decade has been confirmed by a systematic review
and meta-analysis. The main mistakes in providing surgical care for gunshot wounds of the genitourinary system are
insufficient secondary examination and application of primary sutures after the primary surgical treatment without
the necessary indications. It has been established that complications of a single kidney after the opposite nephrectomy
are chronic pyelonephritis, nephrogenic hypertension, chronic renal failure, which has progressed over time,
nephrosclerosis.

Key words: single kidney, trauma, treatment, complications.
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OCOB/INBOCTI KOMMNEHCATOPHO-NPUCTOCYBA/IbHUX NMPOLLECIB
NMPU TPABMYBAHHI EAUHOT HUPKU

BiHHMUbKKIA HauioOHaNbHUIT MeguuHUii yHiBepcutet im. M.I. Muporosa (m. BiHHUUA, YKpaiHa)
pivtorakv@gmail.com

Y scoomy ceimi g8iomiyaemeoca picm mpasmamusmy HUPOK. PezeHepauyis epodxeHoi ma Habymoi eOUHOI HUPKU Mae ceol
ocobausocmi. Memoto docnioweHHA 6yan0 cMB8OPEHHA CUCMEMamMU308aHO20 aHAI3Yy OAHUX, AKI npedcmassneHi 8 cy4acHil
Haykosili nimepamypi, Wo0o oMMUMAAbHOI OUIHKU ¢hOpPMYBAHHA KOMIMEHCAMOPHO-MPUCMOCY8asbHOI peakyii EOUHOI HUPKU
HO YWKOOMCeHHA. BupiwianbHa ponb y popmy8aHHi cmpykmypu €OUHOI HUPKU Mic/asi 0OHOCMOPOHHbLOI HeghpeKmomii Hane-
HUMb pieHIO pizionoziyHoi peeeHepayii opeaHy. Halibinbw Yyacmumu yCcKAAOHEHHAMU €OUHOI HUPKU Micaa HegpeKkmomii
8 Halibaux4yomy nicasonepayiliHomy nepiodi 8i03Ha4aroMe XPOHIYHUL nienoHegpuUm, Heghpo2eHHy 2inepmeHsito, XPOHIYHY
HUpKosy HedocmamHicme y nameHmHIli cmadii. B ekcriepumeHmi Ha wypax 8CcmaHo8sneHo MopGhoMemMpPU4Hy XapaKmepuc-
MUKy KOoMMeHcamopHoi 2inepmpocii eOuHoi HUpKU. BucgimneHo meopii peeeHepayii 8 HUpKogili mKaHuHi. AdanmusHuli
(heHOMeH BUHUKAE 8 €OUHIl HUPYi BHACNIOOK 3MeHWEeHHA Yucaa HegpoHie. 30inbuieHHs AK Po3Mipy, mak i pyHKUiOHAAbHOI
30amHocmi HUPOK 6ys10 NOKA3AHO y 00CAIOHEHHAX HO MBAPUHAX ma At0AX. [lamozeHe3 mpasmu eOUHOI HUPKU 00 KiHUA He
su3Ha4YeHul. HalinowupeHiwumu NpUYUHAMU 30KPUMOI MPasmu 8UABUMAUCA O0POXHbO-MPAHCIIOPMHI mpasmu, Opyze micuye
nocinu nadiHHA. llpomsa2om ocmaHHbL020 decamunimms 8i0bysca nepexio 8i0 ornepamueHo20 MiKy8AHHA MPABMAMUYHUX
YWKOOMHCEHb HUPKU 00 KOHCepsamueHo20. [TumaHHsA doyineHocmi ma 6e3nexku HeonepayiliHo2o nioxody 00 mynux i nPoHUKa-
FO4YUX MPABMAMUYHUX YUKOOMEeHb HUPKU 3aAUWAEMbCA CITIPHUM i He Bmpayae c80t0 akmyassHicme. ABCOAOMHUMU MOKa-
30HHAMU 00 0NepamuBHo20 /iKy8AHHA € 8i0cymHicmeb peakuyii Ha peaHimayiliHi 3axo0u 3 Mpusody KPosomeYi 3 HUPKU, MOWKO-
OX(eHHA CYOUH HUPKU. Biomiyaembcs pi3Huli nioxio 0o niKy8aHHA Mpasmu HUPKU yposo2ie ma xipypeis-mpasmamosoaia.

Ha3eaHi 0CHOBHI MOMUAKU Y HAOAHHI Xipyp2iyHoi dornomozau npu 802HenaabHUX MOPAHEHHAX HUPKU.
KntouoBi cnoBa: e0uHa HUpKA, Mpasema, NiKy8aHHS, YCKAAOHEHHS.

38’430K ny6nikauii 3 nNAaHOBMMM HAyKOBO-
pocnigHummu poboramu. [laHa poboTta € pparmeHTOM
HOP «OcobnmBoCTi KOMNEHCATOPHO-MPUCTOCYBAIbHUX
npoLeciB NPy PiSHOMAHITHMX 3aXBOPIOBAHHAX i NOLUKO-
OXXEHHAX OpraHiamy NIAMHM Ta TBAPWUH i KAiHIKO-
eKcrnepumMeHTasibHe O6FPYHTYBAaHHA HOBWX Crnocobis
XipypriyHoro nikyBaHHA». NQ fgep)KaBHOI peecTpauii:
0118U 007342.

Bcryn. CborogHi macoBi TpaBMM HUPKKU BHacAi-
[0K 6ombapayBaHb Ta Hamagis CTan HOBUM ABULLEM
y €Bponi Ta iHWKMX perioHax, WO Npu3Beno A0 COTeHb
TAXKMX NopaHeHb [1]. B ycbomy cBiTi HUpKOBa TpaBma
npUcyTHA NpubausHo y 0,5-5 % naujieHTiB i3 TpaBma-
TUYHUM YLIKOAMKEHHAM [2]. PicT TpaBMaTU3My HUPOK,
HasBHICTb BPOAMKEHUX Baf, PO3BUTKY MoOTpebytoTb
peTenbHOI OLiHKU PU3MKIB ONEepPaTUBHOIO BTPYYaAHHA i
BMOOpPY ONTMManbHOI TaKTUKKU BegeHHA xBopux. Tpeba
pO3ymiTh, WO onepalia MoOXe npueectM A0 Norip-

WweHHA QYHKLIT EAMHOT HUPKK UM o Ti BTpaTH, Wwo byae
notpebyBaTu nposeAeHHA Aianizy abo TpaHcnnaHTa-
Lii HAPKK. Big, NpaBMAbHOCTI OLHKM GYHKLiOHANbHOrO
CTaHy €AMHOI HUPKKM BaraTo B YoMy 3anexaTb NPOrHo3
KUTTA NauieHTa, BMOIp TaKTUKM NiKYBaHHA, a TaKOX
BUXKMBAHHA XBOpMX. MexaHismu, Wo npussBogAaTb 40
MOLUKOAMEHHA HUPOK, BUBYEHI /iKLIEe YAaCTKOBO, TOMY
HeobXiAHI paHHi BiomapKepwu, sKi BiApPi3HAOTL toaein
i3 NiABULLEHNM PU3UKOM YLLKOAMKEHHA HUPOK [3].

B enmigemionorivHoMy amepuKaHCbKOMY A0CAi-
O)KeHHi 96217 [OHOpPIB HUPKKM Yy MNOPIBHAHI 3i 340-
poOBMMM MpPeACTaBHUKAMM KOHTPOIKO BCTAaHOBAEHO
3HAYHY MOLUMPEHICTb cepen, AOHOPIB XPOHIYHOI XBO-
pobu HUPOK, FiNepToHii Ta XPOHIYHOI HUPKOBOI Heao-
cratHocTi (XHH) [4]. MpuuunHoto XHH y aoHopis byna
yacTile BCbOro iMyHosoriyHa xBopoba HMPOK. Taknum
YMHOM, AOHOPU HUPKU MaOTb MNiABULLEHUIA [OBro-
CTPOKOBUI PU3UK PO3BUTKY TEePMiHaNbHOI HUPKOBOI
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HeJOoCTaTHOCTI, CepueBO-CYAMHHOI CMepTHOCTI Ta
CMEepPTHOCTI Bif, YCiX MPUYNH NOPIBHAHO 3 KOHTPO/bHOO
rpynoto He goHopis [5].

MeTta gocniaxeHHsa. [poBecTn cMCTeMaTU30BaHNN
aHani3 gaHux, AKi NpeacTaBieHi B Cy4YacHi HayKoBil
NiTepatypi, WOAO ONTUMANbHOI OLiHKM OpPMyBaHHA
KOMMNEHCAaTOPHO-MPUCTOCYBANIbHOI  peakuii  €aMHOI
HUPKW HA YLIKOOKEHHSA.

OCHOBHa 4acTUHA. Y 3a/1€KHOCTI Big, MexaHiamy
YPaXKeHHS TPaBMM HUPOK NOAINATb Ha 3aKpuUTy (Tyny)
TpaBmy (4acTilwe nNpu nagiHHi Ta Npu aBTOMOBINbHUX
KaTacTpodax) Ta NPOHMKatouy TpaBmy (BOrHenasbHi Ta
HOXOBi MopaHeHHs) [6]. MNaToreHe3 3aKpPUTOI TpaBMMU
€AVHOI HUPKM A0 KiHUS HEe BUSHAYEHUN.

Knacuoikauia 3akputoi TpaBMW HUPKW, 3rigHO 3
pekomeHaauismm AmepuKaHCbKoi Acouiauii Xipypriy-
Hoi TpaBmu (AAXT), BKAtoYae N'aTb cTyneHis (Taba.) [7].

Jewo iHwa KnacudikaLisa 3aKpUTOi TPaBMU HUPOK
3aMpoOMNOHOBAHA YKPAIHCbKMMKU BYEeHUMK: npodeco-
pamu C.0. BosiaHoBum Ta O.B. Lynakom [8]:

e  3abin.

° Po3puBn Kancynu, TpaBma HaBKOJOHUPKOBOI
*KMPOBOI KNITKOBMHU, HEBENUKI MiAKANCYAbHI PO3pMBU
napeHxiMuv HUPKKU, HABKOJIOHMPKOBA remaToma.

° Po3puB Kancynu i napeHximu, WO He AocArae
YaLLEeYOoK i MUCKMU.

° Po3purB napeHxiMmun, NPOHMKAOUYNI Y YaLlLeyKn
abo MUCKy.

o Po3yaBneHHs.

° BigpmB MmarictpanbHUX HUPKOBMX CYAWH Ta
ceyoBoay.

° KOHTYy3if HMPKM Npu eKcTpaKoprnopanbHin
YAapPHOXBW/IbOBIN NITOTPUNCIT.

e ATporeHHi NOWKOAKEHHA.

° MNMoeaHaHHA Ha3BaHUX MOLUKOAMKEHD i3 MOLLKO-
OXKEHHAMM iHLWNX OpraHiB.

Tabnuusa — Knacudikauia 3akputoi TpaBMm HUPKY,
3rigHo 3 peKkomeHgauiamu AAXT

CTyniHb
Tun ywko-
YLIKO- Onuc ylKoAXKEeHHA
DXKEHHA
OYKEHHA
3abiil, MIKpO- YN MaKporematypia, NoKas-
3abii HUKM  LOCNiAKEeHb HUPKKM 6e3 3HaYyHUX
| BiAXMNEeHb
CybKancynapHa, He HapocTatoya, 6e3 pos-
lematoma | = YNApHa, P ! P
puBy NnapeHximu
He HapocTatoya HaBKONOHMpPKOBa rema-
lfemaTtoma .
' TOoma, obmerkeHa napaHedppiem
<1,0 cm B mMMBMHY KOpU HUPKKM, 6e3
Po3pus ! v P PKM,
eKkcTpaBasal,ji
>1,0 cm B mMBUHY KOpU HUPKK, Be3 pos-
1] Po3pus PVBY NMOPOXHUCTOI CUCTEMW YU EKCTpaBa-
3au,i ceuvi
Po3puB napeHximu, WO NpoxoamuTb Yyepes
Po3pwus KiIPKOBMIA Wap, MO3KOBUI LLIAp Ta MOPOXK-
v HUCTY cUcTemy
. | YWKOAKEeHHA MaricTpanbHOi apTepii uu
CyaANHHUI A P prep
BEHW HUPKM 3 CYNMYTHLOI KPOBOTEYOHO
Po3pus MoBHe po34aBieHHA HUPKKU
v BigpvB HMPKOBOI HIXKK O MOBHICTIO
CYyaANHHUI AP P o
[,eBaCcKyNAPU3YE HUPKY

YNoBiNIbHEHHA Ta NPUCKOPEHHA PYXY HUPKKU € OCHO-
BHUMU daKTOpamM, AKi BUKANKAIOTb TpaBMy. binbwicTb
(93 %) BUHUMKAM yepe3 3aKpuTi TpaBMU. [JOPOXKHbO-
TPAHCMOPTHI TpaBMuW Oyan HaMMOLWMPEHILIMM Mexa-
Hiamom (53 %), noTim Mwam nagidHa (29 %). binbwicTb
YWKOAXKEHb HUPOK (89 %) O6ynu NoB’A3aHI 3 yparkeH-
HAMM iHWKUX opraHis [9].

TpaBma €AMHOI HUPKM Mae cBOi 0cobAMBOCTI.
BcTtaHOBNEHO, WO YCKNAAHEHHAMM EQUHOT HUPKM NicnA
HeppPeKTOMII NPOTUNEKHOI € XPOHIYHWUI NienoHedpuT,
HedporeHHa rinepTeHsia, XpOHiYHa HUPKOBA HeJoCTaT-
HiCTb, AKa 3 Yacom nporpecysana, Hebpocknepos. Paa
ABTOpPIB NPOAEMOHCTPYBA/IM, WO TPaBMa BPOLMKEHOI
OKpeMo GYHKLiOHYHOYOI HUPKM MOXKe NpU3BecTM A0
YPaXKeHHs rinepTeHsieto Ta anbbymiHypieto, a TaKOXK
00 3HWMKeHHA QYHKLIT HUPOK, WO MOXe 3aKiH4uTucA
TepMiHa/IbHOIO CTagielo HUPKoBOI HegocTaTHOCTI [10].
AHani3 gaHux npo 2684 nauieHTiB BUABUB TinepTeHsito
y 16 % naujieHTiB, anbbymiHypito y 21 % i 3HMKeHy LLIKD
y 10 %. utta 3 BpOOKEHOIO OKpemo OYHKLIOHY-
YOI HUPKOI NPU3BOAUTL A0 FiNepTOHii, NpoTeiHypii Ta
BTPATM OYHKLUIT HUpOK [11].

ApanTauiiHi npouecu B €AUHIA HUpUi. Y eanHil
HUPLI NicnA BMAANEHHA KOHTPanaTepasibHOi pPO3BU-
BAlOTbCA KOMMEHCATOPHI NPUCTOCYBaHHA HUPKW, WO
3anuwmnacs, (36inbleHHA KPOBOTOKY Ta KyHOUYKOBOI
rinepoinbtpauii), Aki nigTpumyoTe GYHKUiIO Ha nia-
BULLLEHUX PIBHAX i NPU3BOAATb CMOYATKY 4O rinepTpo-
il KNybouKiB i KaHanbLiB HedppoHa [12], a B noganb-
LIOMY Bif6YBAETbCA 3HUMKEHHA MOKA3HMKIB WBUAKOCTI
knyboukosoi ¢inbTpauii (LKD) Ta knipeHcy Kpeatu-
HiHy, fAKi y 6inbw BigganeHi nepioan nicna onepauii
3a/MWatoTbCA Ha 15-25 % meHwe BUXIgAHUX BENYUH.
BHYTpiLIHbOKIYHOUKOBA FiNepTeHsiA BUKINKAE MOLLKO-
OKeHHA nogouuTie. Mnomepynomerania, 36inblueHHA
TpaHchopmytouoro daktopa pocty-fl BUKAMKAOTbL
BiAllapyBaHHA nogoumTiB Big 6asanbHoOi membpaHu
KNybouKiB Ta 3rogom rnomepynocknepos [13]. B ekc-
nepuMeHTI YNbTPaCcTPYKTypa NoOSOUUTIB EAUHOT HUPKK
XapaKTepU3YETbCA LUMPOKUMU LUTOTpabekynamu, ki
3aKiHYYIOTbCA YNCENBbHUMU LUUTOMOAIAMM, LLO KOHTAK-
TytoTb 3 H6asanbHolO membpaHoto. Bigmiyaerbea rete-
POreHHICTb TakMX CTPYKTYyp [14].

BupiwanbHa ponby opmMyBaHHI aganTaLiiHMUX Npo-
LLeciB €4MHOI HUPKM NicnA OA4HOCTOPOHHbOI HedpeKTo-
Mii HaneXxuTb piBHIO di3ioN0riYHOT pereHepaLii opraHy
[15]. Cnig, 3a3HauYNTHK, WO EKCNEPUMEHTN 3 YHiHedpeEK-
TOMIEIO Yy WYypiB i Ntogel NoKasann 3BOPOTHY Kopens-
Lit0 MiXK BIKOM i 36i/IbLUEHHAM LUBUAKOCTI KNYOOUYKOBOI
dinbTpau;i (LUKD), wo BKasye Ha nopyLleHHA aganTauji
B 4OBroCTPOKOBIl nepcnekTmsi [16].

B ekcnepumeHTi Ha LWypax BCTaHOBAeHO Mmopdo-
METPUYHY XapaKTePUCTUKY KOMMEHCATOPHOI rinepTpo-
il €ANHOI HUPKK, WO 3anuwmnnaca nicns HedpekTo-
Mii KOHTpAnaTepanbHoi [17]. 3pocTaHHsA 06’emy HUPKK
y CTAaTeBO3pinux Wwypis yepes 7 aib sigdbynoca Ha 8,5 %,
yepes 14 ai6 — Ha 30,45 %, a B noganbwomy ctabinbHe
3pocTaHHAa Big 25,93 % po 28,28 %. Y crateBoHespi-
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JIUX WypiB cnocrepiranoca 3pocTaHHs yepes 7 aib Ha
32,71 %, yepes 14 ni6 — Ha 38,90 %, yepes 21 poby
Ha (43,86 % Ta uepes 30 gi6 — Ha 48,05 %. MposeaeHi
pocnigxeHHs [18] nokasanu, WO MaKcMmasbHa
rinepTpodia HabyToi €ANHOT HUPKKU CTaHOBUTL 77 %
Big, cymy 06’emiB ABOX HUPOK Y KOHTPOAbHIN rpyni.
AfanTUBHUN GEeHOMEH BUHUKAE B EAMHIN HUPLi BHa-
CNiAOK 3MeHLWeHHA Yucna HedppoHiB. 3binblueHHA AK
pPO3Mipy, TaK i QYHKLIOHANbHOT 343aTHOCTI HUPOK By/o
NOKa3aHOo y AOCAIAKEHHAX HA TBApPUHAX Ta ftoaax [19].
CybMmiKpoCKoNiYHi AoCNigXKeHHA KipKOBOI pPevyoBUHM
€OMHOI HUPKKU TBApWUH Nicna HedpeKTomii KoHTpana-
TepasbHOi BCTAHOBMAN, WO B PaHHI TepMiHM gocnigy
NPUCTOCYBaIbHO-KOMMEHCATOPHI NpoLecu npoABaaA-
IOTbCA KOMMEHCATOPHOI TFiNepTPOdietd CTPYKTYPHUX
KOMMOHEHTIB HeDPOHIB Ta peopraHisaLieo cyauHHOro
pycna. Y ni3Hi TepMiHn gocniay npu TpuBanomy GyHK-
LiOHa/IbHOMY HaBaHTAXKeHi Ha EAUHY HUPKY, Y YaCTUHM
HedpOoHiB po3BUBaOTLCA MOPGOPYHKLiIOHANABbHI 3MiHM
OEeCTPYKTUBHOrO xapaktepy [20].

MpoBefeHUn MOpPGOMETPUYHUI aHaNI3  HUPKO-
BUX Tineub HabyToi €AMHOT HUPKU B E€KCNEepUMEHTI
Ha Lypax MOKasaB iX 3POCTaHHA Yy nicnaonepauin-
HUIA nepiog A0 cbomoi Aobu (ooboBe 3pocTaHHA Big,
1,81 % po 4,07 %) [21]. B noganblumii nicnsonepa-
LiMHWIA nepiog, nicna BUMAANEHHSA KOHTpanaTepasibHOI
HUPKKN cepegHe aoboBe 3pOCTaHHA NPOAOBIKYBANOCA,
ane 6yno meHwmum (p<0.05). BctaHOBMEHO, WO TeMnun
3POCTaHHA NPOKCUMAJIbHUX Ta AUCTANbHUX 3BUBUCTUX
KaHaNbLiB NepeBa)kajiM TeMNU 3POCTaHHA KOMMOHEH-
TiB HUPKOBUX Tineub [22]. MacrBHa BTpaTa HedpoOHiB,
KOMMeHcoBaHa rinepTtpododieto KNybouKiB, ABNAE cObOO
nepeAnaTosorniyHUiM cTaH, Wo NpM3BOAUTb 4O FoMe-
PY/NIOCKNEpOo3y Ta MOAANbLIOTO 3MeHLWeHHA GyHKLUio-
Ha/NIbHOI 34aTHOCTI HMPKOBOI TKaHMHKU. CyyacHi ekcne-
PUMEHTa/bHI faHi CBifAYaTb NPO Te, LLO iCHYE 3HAYYLLUIA
3BOPOTHMI 3B’A30K MiXK KiNIbKiCTIO HEDPOHIB i pU3nKom
CcepueBo-CYAMHHUX 3axBoptoBaHb [23, 24]. Y pgopoc-
JIUX NALEHTIB 3 MNPUPOAKEHUMU BafaMW PO3BUTKY
HMPOK BCTAHOB/IEHO 3B’A30K 3 riNepTOHIED i cepLeBo-
CYAMHHUMU YCKNagHeHHsamM [25].

ENeKTPOHHOMIKPOCKONIYHI  AOCNIAMXKEHHA MPOKCU-
Ma/IbHUX 3BMBMUCTUX KaHanbLiB HeppoHiB KipKoBOI
PEYOBUHU EAMHOI HWPKM MONOAUX TBAPWUH BCTAHO-
BW/IN, LLO B CKNAZi CTIHKM HAABHI «TeMHi» 3 ocMiodinb-
HOM UMUTONNA3MOMO enitenioynTn. Y TaKiit KAiTUHI cno-
CTepiraeTbcs NiKHOTUYHE, HenpaBUAbHOI GopmMM A4P0.
LuTonnasma mae HeBe/MKY NAOLLY, B Hill MOraHO KOH-
TYPYHOTbCA OpraHenu, nopyweHa 6asasbHa NocMyroBa-
HiCTb | MIKPOBOPCUHKM Ha anikanbHin noBepxHi [26]. 3a
OAHVMU JOCNIAHMKIB 3BUBUCTI KaHaNbLi He BiAHOBAIO-
H0TbCA Npu 3arnbeni cyanHHoro Knybouka [27].

Y AucTtanbHUX Bigdinax 3BUMBUCTMX KaHabLiB
HedpPOHIB HUPOK CTaTeBOHE3PINNX TBAPUH CybmiKpoc-
KOMIYHO crnocTepiraloTbca eniTeniounTn 3 CBITIMMMU
KPYIIMMKU AApamMn Ta eyXpOMaTMHOM Yy Kapionaasmi.
Y 6asafbHUX YacTMHAX UMTOMIA3MMU KAITUH Memb-
PaHHi CKMagKW HENnpOTSAXKHI, YaCTKOBO MOLUKOAMKEHI.

MiToxoHApii BTpayatoTb ynopAaaKoBaHe pO3TallyBaHHA,
X MATPUKC CTae 0CMiodiNbHMM, Y HbOMY MOFraHO BUSAB-
NAKTbLCA KPUCTU. AMiKanbHI AiNSHKM HabpsaKkni, riano-
naasma B HUX eNeKTPOHHO-CBIT/1a, MAaE Mano opraHen
[26]. HakonuueHi gaHi ceigyaTb Npo Te, WO MIiTOXOHAPI-
anbHa AMCOYHKLIA Bigirpae BUpianbHy ponb y naTore-
Hes3i rocTpoi TpaBMU HUPKK [28].

IcHye aBi Teopii [29] npo npupomy pereHepadii
B HMPKOBI TKaHWHI: ogHa nepenbayae, WO KNITUHU-
nonepesHuKM y pPisHUX YacTUHaAX HUPKU MOXKYTb MaTu
pi3Hi nynun. Jpyra Teopis Noasarae B Tomy, WO pi3Hi Ppak-
TOPM, AKI YWKOAMNKYIOTb HUPKY, aKTUBYIOTb MEBHI Ki-
TUHHI nonynauii. ICHye TaKoX AYMKA, WO B EANHIN HUPL,
MOKYTb CMiBiCHYBaTK 0bMABa MexaHi3mu pereHepalii,
AKi BU3HAYAOTb NPUCTOCYBA/IbHO-KOMMNEHCATOPHI Npo-
uecu HMpKK [30, 31].

Mpu XPOHIYHIA HUPKOBIM HegocTaTHOCTI pocnia-
HUKM NPOMNOHYIOTbL ABi cTpaTerii AnA BigHOBNEHHA
HUpPKK [32]. MepLia nonsrae y BUKOPUCTAHHI HepporeH-
HOro MOTeHLiaNy HUPKKU, TOOTO HUPKOBUX CTOBOYPOBUX
KNITUH y Npoueci HeoHedporeHesy, Apyra — 3a PaxyHOK
eKCTpapeHaNnbHUX CTOBOYPOBUX KANITWUH, AKi 34iACHIO-
IOTb MapaKpUHHI edpekTn. [lo HUX BiAHOCATbL remornoe-
TUYHI CTOBOYPOBI KNiITUHM YEPBOHOTO KiCTKOBOTO MO3KY,
Me3eHXiMasibHi CToBOYPOBI KAiTUHM (NpoTU3ananbHUit
i aHTMANONTUYHUUI edeKT) Ta KNITUHU-MonepesHuUL
eHgoTeniaNbHUX KNITUH (NpoaHrioreHHWn i npomito-
TUYHUI edeKT). ABTOPM Haro/oWyTb Ha TOMY, LWO
CTOBOYPOBi KNITUHU € ifeaNbHUMKN ANA TeHHOT Tepanii,
KNITUHHOI TPAHCNNAHTAL,T | TKAHWMHHOI iHXeHepii [33].

MpoBeaeHUt HaMU aHani3 KNITUHHOTO LIMKAY KNITUH
KipKOBOi pe4OBUHM EANHOT HUPKKU CTAaTEBO3PININX LLLYPIB
BKAa3ye Ha MiABMLLEHHA AKTMBHOCTI nponidepauii Ta
OHOBJIEHHA Y HalbAMXKYOMY nicndonepauinHomy nepi-
oaj nicns HedpeKToMii, O NOACHIOE 3POCTAHHA Macu
Ta 06’emy HMUPKKU. BcTaHoBNEHO, WO npotarom 60 Ai6
CnocTepexeHHs 3a HeppPeKTOMOBAHMMWU TBAPUHAMMU
YacTKa KNiTUH KipKOBOI peYOBMHM HUPKK, AKa nepebdy-
Bana y ¢asi S, 6yna 6inblLOO NOPIBHAHO 3 TBAPUHAMMU
KOHTposibHOI rpynun 2 (p<0.05). TFinepTtpodia eamHoi
HUPKK LWYypiB Nicna ogHobiYHOI HedpeKTomii cynpoBo-
O)KYETbCA aKTUBALLIED anONTO3y B TKAHMHI HUPKW, LLO
nposBaseTbea y 36inbweHHi AHK-dparmeHTauii y HUp-
KOBI TKAaHWHI EAMHOT HUPKN eKCNepPUMEHTa/IbHUX TBa-
pWH 3 7-0i no 21 poby. MNik wiei akTMBaL,ii cnocTepirasca
Ha 7 foby nicna HedpekTomii. Lie BKasye Ha akTMBaL,iO
anonTo3y B yMoBax nocuneHoi nponidepalii.

3a JaHUMK yyeHUX egmHa OYHKLiOHYHYa HUPKa,
AKa ICHYE 3 HAPOAKEHHA, MOPIBHAHO 3 €AMHOID HUP-
Kol nicna HedpeKToMii NPOTUNEKHOI, € MeHL rinep-
TpodosaHot [34]. KAITUHHUI UMKA KAITUH KipKOBOI
PEYOBMHWU E€AMHOI HUPKWU Yy CTAaTEBOHE3PINUX TBAPUH
Ma€ CBOi 0COBAMBOCTI: KiNIbKICTb KNITUH Y CUHTETUYHUI
nepiog, KNiTMHHOTO UMKAY (basy S) 3pocTae y HaMbBANK-
yomy nicnsaonepauinHomy nepiogi nicna HedpekTo-
Mii (7-14 po6a), B noganblli TEPMIHU CNOCTEPEIKEHHSA
(30-90 poba) HaBnakM CTaTUCTUYHO 3Hauylle 3MeH-
wyeTtbes. Y ¢asi S yepes 7-14 pi6 KNiTMH Kipkosoi
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PEYOBUHM CTAaTUCTUYHO 3HauylLle Binblie, HiXK y cTaTe-
BO3pinux (p<0,05). Y ¢asax GOG1 ta G2+M y anHamiu,i
CnocTepeKeHHs nicna HedpeKToMmii KinbKicTb KAITUH
CTaTUCTUYHO 3HaYylLle He 3MiHoBanach [35].

MowKogKeHHA i BigHOBNEHHA HUPOK € CKNASHUMM
i 6araTodaKTOPHMMMK, BK/IHOYAOUYM B3AEMOLIID MiX
MiKPOCYAUHHUMM, KaHaNbLEBUMM i 3ananbHUMKU daK-
TOPaMM, a TAKOXK PiSHUMMU CUTHANIbHUMM Waaxamu [36].

[na BM3HAYEHHA MeXaHi3MiB PO3BUTKY YCKIAA-
HEeHb NPWU TPaBMi EANHOI HUPKM BaXK/IMBO BCTAHOBUTHU
Tonorpad®oaHaTOMIYHE MONOMKEHHA HUPKKU. AK NOKa-
33/10 MaTEMATMYHE MOAE/NOBAHHA 30iNblIEHHA Macu
HUPKM NPU3BOAUTL A0 il NepemileHHA. HupKa pyxa-
€TbCA BHM3 B30B CBOEI OCi, 3SMEHLUYETLCA KYT Y PPOH-
TaNbHIN NpoeKu,ii eanHOT HUPKK [37]. KinbKicHWIA aHani3
NONOXKEHHA EANHOT HUPKK Y TPbOX KOOPAUHATHUX N0
LWMHAX OAE MOXKJIUBICTb NPOrHO3yBaHHA BUHUKHEHHA
XBOPOO HUPKKU. [poBeaeHO AocnigKeHHs, aKi niaTesep-
ANV B3aEMO3B’A30K reMoANHaMIYHMX MOPYLLUEHb MNPy
HepponTo3i 3 PO3MOAINOM XBOPUX 3a CTyNeHEM Ony-
LEeHHA HWPKKU. Pe3ynbTaTn KopenauiiHoro, Knactep-
HOrO i ANCKPMMIHAHTHOrO aHani3y NoKasanwu, Lo 6inbLw
TICHWMI B33aEMO3B’A30K CMOCTEPIraeTbCA MiXK remoau-
HaMIYHMMM NOPYLIEHHAMM | CTyneHem poTaLii HUPKK
[38]. Pag BYeHMX BBaKAE, WO POTaLiA HUPKKU € BinbLl
CYTTEBMM PaKTOPOM, LLLO BMN/IMBAE HA CTaH XBOPOTO, HiXK
il onyweHHA.

JlikyBaHHA TPaBMM HUPKU. METOO NiKYBaAHHA HUP-
KOBOI TPAaBMMW € YHUKHEHHA CMEPTHOCTI LUAAXOM KOHTpP-
ONt0 KpOoBOTedi, 3bepexeHHA HedpoHa Ta nonepea-
YKEHHA YCKNaAHEeHb.

MpoTArom OCTAaHHbLOTO AECATUANITTA BigdyBCA Nepe-
Xif, BifL, ONEpaTtMBHOrO JiKyBaHHA TPABMATUUYHMX
YWKOAXEHb HUPKU A0 KoHcepBaTMBHOro [39]. OaHak
NUTaHHA AOLiNbHOCTI Ta 6e3neKkn HeonepauinHoro nia-
X04y A0 TynuX i MPOHWMKAKYMX TPABMATUYHUX YLUKO-
OXXeHb HUPKUM 3a1MLWAETLCA CAIPHUM | He BTPAYa€E CBOKO
AKTyaNbHICTb.

KoHcepBaTUBHE NiKyBaHHA BK/AOYAE MOCTINIbHUN
peXum, NiaTpMmytody Tepanito 3a XUTTEBMMM MNOKa-

3aHHAMM, MOHITOPUHI /1abOPATOPHUX  AOCAIAMKEHb
i Komn’'toTepHOi TOMmorpadii, 3acToCcyBaHHA MiHi-
MafibHO iHBa3suBHWMX npoueayp (aHrioembonisauis

ab0o CTeHTyBaHHs cevyoBOAy), AKLWO € MoKasaHHa [40].
AHrioembonizauia moxe 6yT BUKOPUCTaHA NpU TpasBMmi
€ANHOT HUPKK [41]. MNauieHTiB 3 TPaBMOI HUPOK lII cTy-
NeHA MOXHa /iKyBaTU KOHCEPBATUBHO LUAAXOM aKTUB-
HOro MOHITOPUHIY Ta 3aCTOCYBaHHA aHrioembonisau,i
[42]. EdpeKTMBHiICTL HeonepaTUBHOrO NiKyBaHHA nNid-
TBEPAKYETbCA CUCTEMATUYHMM OFNAAOM | MeTaaHa-
nisom [43]. ®isnyHa aKTUBHICTb B OCIO 3 BPOAKEHOIO
OKpemo OYHKLIOHYIOUHOT HUPKM 3HUKYE PU3KUK PO3BU-
TKY KiNbKOX XPOHiIYHMX 3axBoptoBaHb [44]. OcKinbku
0CObM 3 yPOIKEHOI OKPEMO DYHKLOHYIHOHYOH HUPKOHD

MatoTb NiABULLEHUIA PUSUK YPaAXKEHHA HUPKM, 3aHATTA
CNOPTOM CAlig, CTUMYNOBATKU, @ HE OOMEKYBATH.

ABCOMIIOTHUMM TMOKa3aHHAMKM [0 OnepaTMBHOrO
NiKyBaHHA € BIACYTHICTb peakuii Ha peaHimaLlilHi
3axo4M 3 NPMBOAY KPOBOTEYi 3 HUPKM, NOLUKOAMKEHHA
CYyOuUH HUpKKM [45]. TlOWKOAOKEHHA €EOMHOI HUPKK
€ MOKAa3aHHAM [0 opraHo3b6epiratoyoro NikyBaHHA.
PaHHE CTeHTyBaHHSA ceyoBoay € eEeKTUBHMM METOLOM
BiABeAEHHA cedi ANA NiKyBaHHA CUMATOMATUUYHUX YpU-
HiB Yy MaLiEHTIB 3 EANHOIO HUPKOLO [46].

BigmivyaeTbca pisHMI nigxia A0 NiKyBaHHA TpaBMM
HUPKK yponoriB Ta XxipypriB-Tpasmartonoris [47].
YponoriyHi pekomeHaaLii, Ak npasuao, binbwe 3oce-
peaXKyrTbcA Ha 36eperKeHHi opraHiB (MakcMmasbHe
36epesKeHHs HWPKOBOI TKaHMHM), ToAi AK Xipypru-
TpaBMaToONOrM, K MPaBWU/IO, BBarkaloTb cTabinisauito
disionorii BaxnumBilwoLo, Hixk 36epexeHHs opraHis [48].

OCHOBHMMM MOMWUAKAMW Y HaAaAHHI XipypriyHoi
[ONOMOTM MNpU BOTHEMajsbHUX MOPAHEHHAX OpraHis
CevyoCTaTeBOT CUCTEMMU € HEAOCTATHIN BTOPUHHUI OrNAg,
Ta HAaKNAZaHHA NEPBUMHHMUX LWIBIB NiCNA 3aKiHYEHHA nep-
BUHHOI XipypriyHoi 0bpobKn 6e3 HeobxigHMX NOoKa-
3aHb. POpMyBaHHA NEPBUHHOTO LIBA YPETPU PEKOMEH-
[,0BaHO NMPOBOAUTWN HE paHille HiXK Yepe3 6 roavH Big
MOMEHTY BOrHEenasibHOro nopaHeHHA. HatomicTb He
pPEeKOMEeH0BaHO BUKOHAHHA ONepaTUBHOIO BTPYYaHHA
6e3 nanapoTomii Ta WIMPOKOI peBi3ii YepeBHOI NOPOXK-
HUHM W Manoro Tasa Npu MOEAHAHUX BOTHEMaJIbHUX
NOpaHEeHHAX i3 MiZ03POI0 Ha ypaXKeHHA OpraHiB ceyo-
CTaTeBoOl cUCTeMU. TaKUM YMHOM, HEOobXiaHICTb CTBO-
PEeHHA Cy4yacHOI ONTUMaJIbHOI AiarHOCTUYHOI Ta NiKy-
Ba/ZIbHOI TAaKTUKM ANA MOCTPAXKAANMX i3 MOEQHAHMMMU
YLIKOAMXEHHAMM OpraHiB ce4oCTaTeBOi CUCTEMU 3ann-
LUIAETHCA aKTYaIbHOO Yy 3B’A3KY 3i 36i/bLUEHHAM YaCTKM
60110B0i TPaBMM B X0OA4j BiNCbKOBUX KOHOAIKTIB [49].

BucHOBKU. CUCTEMATM30BAHMI aHaNi3 Cy4acHWUX
HAYKOBUX [AaHWX MOKa3aB PIiCT TPaBMATU3MYy HMPOK.
PereHepauis nicna TpaBMu BpoAKeHOI Ta HabyTol egun-
HOI HUPKWM Ma€e cBoi ocobamsocTi. BcTaHOBAEHO, WO
YCKNAAHEHHAMW EAMHOI HUPKKM nicna HedpeKTomii
NPOTUNENKHOT € XPOHIYHWUI NienoHedpuT, HepporeHHa
rinepTeHsis, XpOHiYHA HUPKOBA HEAOCTATHICTb, AKa 3
yacom nporpecyBana, Heppocknepos. AZanTUBHUMI
deHOMeH BUMHUKAE B EAMHIN HMPLi BHACNiOOK 3MeH-
LWeHHA yncna HedpoHis. Mpu TpaBmi €ANHOT HUPKK
BA)K/INBO BCTAHOBWUTU 3MiHY TonorpadoaHaTOMI4YHOro
NONOXEHHA €AMHOI HUPKW. [iaTBEPAMKEHO CMUCTEMA-
TUYHUM OINIALOM i MeTaaHani3om edeKTUBHICTb nepe-
XOA4y NPOTArOM OCTaHHbOIO AEeCATUAITTA Bif onepaTus-
HOrO NiKyBaHHA 3aKPUTUX TPAaBMATUYHUX YLUKOOKEHb
HUPKM 0 KOHCEPBATUBHOTO.

MNepcnektnsu noAanbLInx [OCNnifXeHb.
MnaHyeTbcA noganblie AOCNIAKEHHA penapaTUBHUX
npovecis nicasa TpaBMn HabyToi E4UHOT HUPKW.
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OCOB/IMBOCTI KOMMNEHCATOPHO-NPUCTOCYBANIbHUX NMPOLLECIB NPU TPABMYBAHHI €EAUHOT HUPKU

NisTopak B.l., MoHactupcbkuit B.M., MonoHesunu C.B., MisTopak K.B., Bynbko M.I.

Pe3tome. Y faHili poboTi NnpoBefeHO aHai3 CydaCHUX HayKOBMX NiTEPATYPHUX AXKepes, WoAo naToreHesy TpaBMu
€AnHOI HUpKK. MpeactaBneHa Knacuodikalis 3akpuUToi TPaBMM HUPKWK, 3riAHO 3 pekomeHAauiaMm AMepPUKaHCbKOI
Acouijauii XipypriyHoi TpaBMM Ta KnacudikaLis 3aKpUTOi TPaBMU HUPOK, LLO 3aMPOMNOHOBaHA YKPATHCbKMMU BYEHUMM.
Ocobnusy yBary 6yno npuaineHo mopbomMeTpUYHOMY aHaNi3y HUPKOBUX TinieLb HAabyToT EAMHOI HUPKKU B EKCNEPUMEHTI.
CybmiKpoCKONiYHi AOCNiAMKEHHSA KiPKOBOI PEYOBUHN EAMHOI HUPKM TBAPUH Nicna HedpeKToMil KOHTpaiaTepabHOI NoKa-
3a/11, WO B paHHi TEPMiHWM JOCAiLY NPUCTOCYBA/IbHO-KOMMNEHCATOPHI NPOLLECH NPOABAAKTLCA KOMMNEHCAaTOPHOHO rinep-
TPOGIEID CTPYKTYPHMUX KOMMNOHEHTIB HEDPOHIB Ta peopraHisaLieto cyauHHOro pycna. Y nisHi TepmiHv gocaigy npu tpu-
Ba/sioMy OYHKLIOHaNbHOMY HaBaHTaXeHi Ha EAMHY HUPKY, Y YaCTUHU HepPOHiB Po3BMBaOTLCA MOPGODYHKLIOHANbHI
3MiHM LeCTPYKTUBHOTO XapaKTepy.

HaKkonuyeHi aaHi cBig4yaTh Npo Te, Wo MiToXoHApianbHa AMCOYHKLIA Bigirpae BMpilLanbHy poab y NaToreHesi rocTpoi
TPaBMMU HUPKK. NpoBeAEeHNI aHaNi3 KNITUHHOTO LIMKAY KNITUH KiPKOBOI PEYOBUHM EANHOI HUPKM CTAaTEBO3PINMX LLypPiB
BKa3ye Ha MiABULLEHHA aKTMBHOCTI Nponidepalii Ta OHOBNEHHA y HalbauMkuomMy nicnsonepauinHomy nepiodi nicns
HepPEKTOMIl, O MOSACHIOE 3POCTAHHA Mack Ta 06’emy HUPKKU. AfanTUBHUI GeHOMEH BUHUKAE B EAMHINA HUPL BHa-
CNiAOK 3MEHLWEHHA Yyncna HedppoHis. MNMpun TpaBMi EAMHOT HUPKKU BaXKIMBO BCTAHOBUTM 3MiHY TornorpadoaHaTOMi4YHOro
NONOXKEHHA EAMHOT HUPKW. MiATBEPAKEHO CUCTEMATUYHUM OMIAA0M | MeTaaHani3oM epeKTUBHICTb Nepexoay NPoTArom
OCTaHHbOrO AEeCATUNITTA BiZ, ONEPaTUBHOIO NiKyBaHHA 3aKPUTUX TPAaBMATUYHUX YLUKOAXKEHb HUPKU A0 KOHCepBaTMB-
HOro. OCHOBHUMM NOMUIKAMM Y HaAaHHI XipypriyHOi 4ONOMOrM NpY BOrHenabHUX NOPaHEHHAX OpPraHiB cevocTaTeBoi
CUCTEMW € HeAOCTaTHiA BTOPUHHUIA OrNag, Ta HaKMaZaHHSA NepBMHHUX LWBIB NiCNA 3aKiHYEHHS NepBUHHOI XipypriyHol
06pobKKN 6e3 HeobxigHMX NOKasaHb. BCTaHOBAEHO, WO YCKAAAHEHHAMM EANHOI HUPKKM Micna HedpeKTomil npoTune-
HOI € XPOHiYHM NienoHedpuUT, HedporeHHa rinepTeHsiA, XPOHIYHA HUPKOBA HEAOCTATHICTb, AKA 3 YaCOM Mporpecysana,
HedpoCKNepos.

KnrouoBi cnoBa: eanHa HUPKA, TPaBMa, NiKyBaHHA, YCKNAAHEHHA.

FEATURES OF COMPENSATOR-ADAPTIVE PROCESSES IN INJURY OF A SINGLE KIDNEY

Pivtorak V.I., Monastyrskiy V.M., Polonevych S.V., Pivtorak K.V., Bulko M.P.

Abstract. This paper analyzes the current scientific literature on the pathogenesis of single kidney injury. The
classification of blunt kidney injury according to the recommendations of the American Surgical Trauma Association and
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the classification of blunt kidney injury proposed by Ukrainian scientists are presented. Particular attention was paid
to the morphometric analysis of the renal corpuscles of the acquired single kidney in the experiment. Submicroscopic
studies of the cortical substance of a single kidney of animals after contralateral nephrectomy showed that in the
early stages of the experiment adaptive-compensatory processes are manifested by compensatory hypertrophy of the
structural components of the nephrons and reorganization of the vascular bed. In the later stages of the experiment
with prolonged functional load on a single kidney, some nephrons develop morphofunctional changes of a destructive
nature. Accumulated data suggest that mitochondrial dysfunction plays a crucial role in the pathogenesis of acute
renal injury. The analysis of the cell cycle of the cortical cells of a single kidney of adult rats indicates an increase in
proliferation and renewal activity in the immediate postoperative period after nephrectomy, which explains the increase
in kidney mass and volume. The adaptive phenomenon occurs in a single kidney due to a decrease in the number of
nephrons. In the case of a single kidney injury, it is important to establish a change in the topographic and anatomical
position of the single kidney. The effectiveness of the transition from surgical treatment of blunt traumatic kidney
injuries to conservative treatment in the last decade has been confirmed by a systematic review and meta-analysis.
The main mistakes in providing surgical care for gunshot wounds of the genitourinary system are insufficient secondary
examination and application of primary sutures after the primary surgical treatment without the necessary indications.
It has been established that complications of a single kidney after the opposite nephrectomy are chronic pyelonephritis,
nephrogenic hypertension, chronic renal failure, which has progressed over time, nephrosclerosis.
Key words: single kidney, trauma, treatment, complications.

ORCID KOKHOro aBTOpa Ta iX BHECOK [0 CTaTTi:
Pivtorak V.I.: 0000-0001-7234-3596 A°*
Monastyrskiy V.M.: 0000-0002—-7178-9569 ABP¢
Polonevych S.V.: 0000-0003-0721-9147 8
Pivtorak K.V.:0000-0001-9187-7964 B

Bulko M.P.: 0000-0003—-4499-4994 ¢

KoHdnikT iHTepecis:
ABTOpPM 3asBAAOTb NPO BiACYTHICTb KOHPAIKTY iHTEepeciB.

Anpeca ona KopecnoHAeHLi

MisTopak Bonoanmmp I3acnasosuy

BiHHMUbKNI HAUiOHANbHUI MegMyYHMI yHiBepcuTeT im. M.I. NMuporosa MO3 YkpaiHu
Appeca: YkpaiHa, 21018, m. BiHHnya, sya. NMuporosa 56

Ten.: +380677576486

E-mail: pivtorakv@gmail.com

A — KoHUenuia pobotn Ta gu3aiitH, B — 36ip Ta aHani3 gaHux, C — BiANOBIAANbHICTb 33 CTaTUYHMIA aHani3, D — HanucaHHA cTaTTi, E — KpUTUYHWIA ornAag,
F — ocTaToOuYHe 3aTBepaAKEHHA CTaTTI.

CraTtTa Hagiiiwna 13.11.2021 poky
CraTTa NpUMHATA A0 APYKY 21.04.2022 poKy

ISSN 2077-4214. BicHuK npo6nem 6ionorii i meguumnHu — 2022 — Bun. 2, Tom 1 (164) 67



