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Abstract

Introduction. The problem of infectious complications of urological interventions for urolithiasis is very relevant today.
This is primarily due to the sharply increased number of endoscopic interventions in recent years, the uncontrolled use of
antibiotics, and the increasingly significant growth of so-called multidrug-resistant strains of microorganisms.

Purpose of the study: to determine the main infectious complications of urological interventions for urolithiasis

Search strategy: A literature review of publications from the past 10 years was conducted in the PubMed,
CyberLeninka, and Google Scholar databases. The main keywords included: urolithiasis, infectious complications, antibiotic
resistance, and postoperative complications.

Results: We have reviewed the literature on this topic. Currently, scientists distinguish two main ways of penetration of
microorganisms into the urinary tract: endogenous and exogenous ways. With an exogenous route of infection, the sources
of UTls are patients with purulent-septic forms of urogenital and other surgical diseases, bacteria carriers among patients
and medical personnel. With the endogenous route of infection, pathogenic microorganisms penetrate the urinary tract from
closely located organs (often the pelvic organs): vagina, rectum. Often, infectious complications occur at the hospital stage in
patients who have undergone surgical interventions or diagnostic manipulations, including for urolithiasis. The management
of patients with similar nosocomial infections of the genitourinary system (NIMPS) and infections of the surgical field (IOP) is
quite difficult, since their causative agents, as a rule, are gram-negative microorganisms with increased resistance to
antimicrobial drugs.

Conclusions. According to many researchers, the frequency of infectious and inflammatory complications after
endoscopic interventions for urolithiasis depends on many factors, the main of which are the presence of an initial urinary
tract infection. Therefore, patients with baseline BM, intra- and postoperative complications during endoscopic interventions
for urolithiasis should be carefully analyzed, taking into account all the risks of surgical intervention. This review of the
literature touches upon the main points in the infection pathway, the main pathogens and various approaches to the
treatment and prevention of infectious complications of urological interventions for urolithiasis.
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BseaeHue. [pobnema MHPEKLMOHHBIX OCMOKHEHWIA YPONOrNYEeCKMX BMELLATENLCTB MO NOBOAY MOYEKaMEHHOM 60Mne3Hm
Ha CErofHsIWHWA JeHb OYeHb akTyanbHa. CBA3aHO 3TO B MEPBYK Ovepedb, C Pe3k0 BO3POCLUMM 33 NOCrefHue rofbl,
KOMWUYECTBOM 3HAOCKOMWYECKMX BMELIATENLCTB, BECKOHTPONbHLIM NPUeMOM aHTMOMOTUKOB, BCe 6onee 3HauMTEmNbHbIM
POCTOM, TaKk Ha3blBaeMbIX, MOMMPE3NCTEHTHbIX LUTAMMOB MMWKpOOpraHusmoB. Bce 910 penaet 6opbby c
nocneonepaLyoHHoON MHAEKLMEN CrIoXKHee 13 roda B rog,.

Llenb uccnepnoBaHus: onpeaenuTb OCHOBHbIE MHIPEKLMOHHBIE OCIOXHEHUS YPONIOrMYECKUX BMELLATENLCTB N0 NOBOAY
MoyeKameHHoW BonesHu

Crparerus noucka: bbin nposegeH 063op nutepatypel 3a nocneaHue 10 net B 6asax gaHHbix PubMed, CyberLeninka
n Google Scholar.  KnioueBble  3anpocbl:  MOYekameHHast — GonesHb,  MHGEKLUMOHHbIE  OCNOXHEHUS,
aHTUONOTUKOPE3UCTEHTHOCTb, NOCNEONEPALIMOHHBIE OCMIOKHEHMS.

PesynbTatbl. B HacTosLwee Bpems, y4eHbIMU BbILENAKTCA [Ba OCHOBHBIX NYTW MPOHUKHOBEHUS MUKPOOPraHU3MOB B
MOYEBbIAENUTENBHBIA TPAKT: 3HAOrEHHbIA U 3K30reHHbIA NyTH. Mpn 3K30reHHOM NyTU MHCULMPOBaHKS MCTOYHMKamn MBI
ABNSAOTCA  BOMbHbIE C THOMHO-CENTUYECKUMM  (hOpMaMW  ypOreHuTanbHbIX W OPYrUX Xupyprudeckux 3abornesaHui,
GakTepuoHoCUTENM Cpeay NaLMEHTOB M MEeQMUMHCKOro nepcoHana. [lpu 3HOOrEHHOM MyTU 3aHeCeHus UHGeKLmm
NaToreHHble MUKPOOPraHU3Mbl MPOHMKAKOT B MOYEBBIBOAALLME NYTH M3 BIM3KO PacnoNOXeHHbIX OpraHoB (3a4acTyto OpraHbi
Manoro Tasa): Braranuiia, NpsiMoii KULLKK. B CBOIo ovepefb, yponuTias nouTh Beeraa NpoTekaeT B CBA3KE C MHAEKLMAMM
Moyenonosoit cuctembl (VIMIC) mnu, koTopble MOryT ObiTb Kak MPUYMHON, Tak W CreACTBMEM MOYEKAMEHHOW BonesHu.
YacTo, MHGEKUMOHHbIE OCMOXHEHWS BO3HMKAKOT Ha FOCMMTANbHOM 3Tane y MauWeHTOoB, MEPEHECLUMX XMpyprudeckue
BMELLATENbCTBA UMM AWArHOCTUYECKME MaHUMynauuu, B TOM YUCMe M MO NOBOAY YponuTwasa. BepeHwe nauweHToB ¢
NOAOOHBIMIA HO30KOMMANbHBIMK MHbekumaMn Modvenonoson cuctemsl (HUMIIC) v wHekumsmMu onepaumoHHOro nons
(WOMM) pocTaToYHO CNOXHO, TaK Kak UX BO3DYAWTENSMM, KaK MPaBno, SBMAKOTCS rpaMoTpuLaTenbHbIe MUKPOOPraHuamMbl C
MOBbILUEHHO PE3VCTEHTHOCTBIO K aHTUMUKPOBHBLIM npenaparta.

BuiBogbl. 0 MHeHMI0 MHOMWX wuccnefoBaTenen, 4actota WHQEKLMOHHO-BOCNANUTENbHBIX OCMOXHEHWA nocne
9HAOCKONMYECKMX BMELLATENBbCTB MO NOBOAY YpONMTMAa3a 3aBUCMT OT MHOXECTBA (HaKTOPOB, OCHOBHbIMU K3 KOTOPbIX
SBNSIOTCA HanWUyne MCXOAHOW MHAEKUMM MoueBbix nyTel. MoaTomy 60mbHbIX ¢ Hanuumem ucxopHon UMT, uHTpa- u
nocneonepauoHHbIMUA OCAOKHEHWUAMM MPU BbINOMHEHUM SHOOCKONMYECKUX BMELLATENbCTB N0 NOBOAY YponuTuasa cresyet
TWATENbHO aHanMaupoBaTb, Y4YUTbIBas BCE PUCKM OMEpaTWBHOrO BMeLaTenbcTBa. B gaHHom 063ope nuTepatypbl
3aTPOHYTHI OCHOBHbIE MOMEHTHI B NMYTW MH(DULMPOBAHWS, OCHOBHbIE BO3OYAWTENM W Pa3nMyHble MOAXOAbl K MEYEeHMo 1
NpoMNaKkT1Ke MHEEKLMOHHBIX OCIIOKHEHWI YPONIOMMYECKMX BMELLATENBCTB MO NOBOAY MOYEKaMeHHOM 60ne3Hu

Knrouesble crnosa: modekameHHas 601€3Hb, UHGEKUUOHHbIE OCIOXHEHUS, aHMUbUOMUKOPEe3UCMeHMHOCMb,
nocreonepayuoHHbIe OCIIOXHEHUS
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Kipicne. Yponorusnbik apanacygblH, MHPEKUMANbIK, acKblHYIapbl Maceneci GyriHri kyHi eTe e3ekTi. byn, eH, angsiMeH,
COHfFbl XbiNaapbl SHOOCKONWAMbIK apanacynap CaHbiHblH, KypT apTybl, aHTMOMOTUKTEPAI 6akbinaycbid KOMAaaHy XaHe
MWKPOOPraHU3MaepaiH, ken Aapire TesiMai LWTaMMaapbiHbIH, anTaprblkTai ecyiHe 6ainaHbICTbI.

3epTTey MakcaThl: YpOrorusnbIk apanacyibliH, HEriari MHEKUMANbIK aCKbIHYNapbIH aHbIKTay.
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I3pey ctpaterusicbl: Confbl 10 Xbingasbl xapusnaHbivpapra PubMed, CyberlLeninka xaHe Google Scholar
AepeKkKopnapbIH i3gey xyprisingi. Herisri isgey cypaynapbl: yponutusas, MHMEKUMSMbIK ackbiHynap, aHTubruoTtukke
Te3imMAiniK XaHe onepauusaaH KeniHri ackbIHynap.

opictepi: bis ocbl Takplpbin  OodbiHWa saebueTTepai  KapacTbipAblk.  Kasipri  yakpiTTa  fanbiMaap
MUKPOOpraHn3MaepAiH 3ap LblFapy XOMblIHA eHYiHiH, €Ki HEri3ri XXOMbIH axbipaTadbl: SHOOrEHIIK XXoHe 3K30reHiK xonaap.

Hatuxenepi: VHdekunsHbiH, 3k3oreHik xonbl kesiHge XOKW Kkesgepi HECEM-XbiHbIC XoHe Gacka Xvpyprusinbik
aypynapablH, ipiHai-cenTukanblk, TypnepiMeH ayblpaTbiH HayKacTap, Haykactap MeH MeauunHa KpI3METKepnepi apacbliHaa
GakTepus  TacbiMangaywbinap 6onbin  Tabbinagbl.  VHGeKUMsHbIH, - 3HOOTEHAIK  XOMbl  apKblibl  NATOrEHiK
MWUKPOOPraHu3Maep 3sp LWbiFapy XOrblHA XakblH OpHanackaH MylenepgeH (kebiHece xambac MyluenepiHeH) eHepi:
KblHanTaH, Tik iwekTeH. KebiHece MHMEKUMANbBIK ackbiHynap XWpYprusnblK apanacynapiaH Hemece AMarHOCTMKamblK
MaHUNynAUMsnapaaH eTKeH HayKacTapAa, COHbIH, iLLiHAe YponuTusaa aypyxaHa caTbicbiHaa nanga 6onagbl. Hecen-biHbIC
xyieciHin, (NIMPS) ykcac aypyxaHailinik WHbekumsnapbl XsHe Xupyprusinblk, epic uHdekumsnapsl (IOP) Gap
HaykacTapabl emMaey eTe KWblH, eTKeHi OnapabliH, KO34bIpFbilUTapbl, 94eTTe, MUKPOOKa Kapchl npenapatTapFa TediMainiri
XOFapbl rpam-Tepic MUKpoopraHuamaep 6onbin Tabbinagp!.

KopbITbiHAbINap. KenTereH 3epTTeywinepAiH, nikipiHwe, yponuTusFa apHanfaH SHAOCKONMANbIK apanacydaH KemiH
WHEKUMANBIK XaHe KabblHy acKblHynapbIHbIH, Xuiniri kenTtereH aktopnapsa bGainaHbICTbl, OnapablH, Herisrinepi 3ap
LWblFapy XonaapbiHblH, 6actankpl MHbekumsackIHbIH, 6onybl. CoHabikTaH 6actanksl BMI Bap emaenyLiinepre, yponntussa
apHarnfaH SHAOCKONMUANbIK apanacynap KesiHae onepauws iwWinik xeHe onepauusaaH KeiHr ackblHynapra Xupyprusinbik,
apanacygblH, bapnblk, ToyekenaepiH eckepe OTbIPSM, MyKMAT Tangay kaxeT. 9pebuettepain, Oyn wonybl MHGeKUms
XOMNbIHAAFbl HEri3ri caTTepai, Herisri naToreHAepai XaHe YponuTusFa apHanfaH yponorusnblK apanacyabliH, MHPEKUMANbIK,
acKblHyNapblH eMAey MeH anfblH anyablH, apTypri TaCINAepiH KO3Fangabl.

TyliHdi ce3dep: yponumus, UHEKUUSbIK ackbiHyaap, aHmubuomukmepee mesimoinik, onepayusidaH KeliHei
ackbIHynap

[faliekces ywiH:

UcaxaHos P.b., XKaHbbipbekynbi YnaHbek., Akkanuee M.H., Hozaega M.I"., Hosukosa E.I. 3ap Tac aypybl kesiHaeri
YPONorusnblk, apanacyablH, UHEKUMAMNbIK ackblHynapbl. 9aebuetTik wony // Feinbim xaHe [eHcaynbik cakray. 2025.
Vol.27 (3), b. 189-199. doi 10.34689/SH.2025.27.3.021

Introduction. The aim of this literature review is to comprehensively

The problem of infectious complications of urological ~ analyse existing data on infectious complications in patients
interventions for urolithiasis is very relevant today. This is  with urolithiasis undergoing endoscopic surgery. The review
primarily due to the sharply increased number of  considers risk factors, prevalence of complications, the
endoscopic interventions in recent years, the uncontrolled  impact of antibiotic resistance and approaches to antibiotic
use of antibiotics, the increasing growth of so-called  prophylaxis. The scientific rationale for this review is based
multidrug-resistant strains of microorganisms. All this  on the need to objectively summarise current data and
makes the fight against postoperative infection more difficult  identify the most significant factors affecting the outcomes

year after year. of endoscopic surgery in patients with urolithiasis.
Objective of the study: to determine the main Given the specificity of the topic and the limited number

infectious complications of urological interventions for  of publications, authoritative and frequently used databases

urolithiasis in medical research were selected for the search: PubMed,

Search strategy: A literature review of the last 10 years ~ CyberLeninka and Google Scholar. These sources provide
was conducted in PubMed, CyberLeninka and Google access to both international and domestic publications,
Scholar databases. The main keywords were urolithiasis,  allowing a comprehensive assessment of the problem and
infectious  complications,  antibiotic  resistance and  consideration of results from different countries and clinical

postoperative complications. settings. The depth of the search was 10 years, allowing us
Source Selection Algorithm. to focus on current approaches to the prevention and
The source selection algorithm included: treatment of complications. However, due to the relatively
1) literature search in PubMed, CyberLeninka, Google ~ small volume of publications on this topic, the review also
Scholar databases using the keywords "urolithiasis”, includes earlier works, starting from 1982, which contain
"infectious ~ complications”,  "antibiotic  resistance”,  fundamental information related to treatment methods and
"postoperative complications"; concepts of antibacterial prophylaxis in urological diseases.
2) selection of publications for the last 10 years The review was based on strict inclusion and exclusion

3) application of inclusion (description of endoscopic criteria designed to maximise the relevance of the data. The
methods of urolithiasis treatment) and exclusion criteria  inclusion criteria included the selection of publications that
(exclusion of articles with data on patients with  included data on patients with urolithiasis who underwent

nephrostomies, cystostomies, stent catheters); endoscopic surgery such as ureteroscopy with contact laser
4) final analysis and selection of relevant publications lithotripsy, percutaneous nephrolithotripsy and retrograde
for review. intrarenal surgery. Only studies concerning infectious
Methods complications, their prevention and the role of antibiotic
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resistance in these processes were included. Publications
describing patients with genitourinary fistulas (e.g.
nephrostomies or cystostomies) and stent catheters were
excluded because their cases require specific approaches
to prevention and treatment that are not the subject of this
review.

To perform a structured search, key queries were
developed:  ‘"urolithiasis", ‘"infectious complications",
"antibiotic resistance", "postoperative complications"”, as
well as terms related to specific endoscopic techniques
such as "ureteroscopy", "percutaneous nephrolithotripsy",
"retrograde intrarenal surgery". The use of these search
words allowed us to focus on publications relevant to the
clinical aspects of the management and prevention of
complications of endoscopic surgery.

After the initial search, 68 publications were found and
further screened. The included publications were analysed
according to the criteria of methodological quality, scientific
significance and reliability of the data presented. Based on
the analysis of publications, the information was
systematised to identify the main categories for
summarisation: types of infectious complications, identified
risk factors, antibiotic prophylaxis regimens and their
efficacy, and the impact of antibiotic resistance on treatment
outcomes.

The methodology of this review is based on the concept
of a systematic and structured approach that brings
together disparate data and identifies significant clinical
patterns. This approach not only provides a holistic picture
of the state of the problem, but also contributes to the
development of recommendations to improve the practice of
endoscopic interventions and prevention of infectious
complications in patients with urolithiasis.

Results

In situations of exogenous contamination, sources of
urinary tract infections include individuals suffering from
purulent and septic urogenital infections, as well as
bacterial carriers among patients and health care workers.
The transfer of pathogens in such conditions is
accomplished through medical instruments, dressing
materials, and direct contact with the hands of health care
personnel. If the endogenous route of infection is activated,
pathogens enter the urogenital tract from nearby organs
such as the vagina and rectum.

Many variables affect the risk of developing urinary tract
infections.

Internal factors that increase the risk of infection include
anatomical abnormalities in patients, such as stenoses and
fistulas, which increase the possibility of infections from the
external environment. Other factors include the presence of
foreign objects and stones in the body, low blood pressure,
bladder and ureter hypotonia, neurogenic bladder, diabetes,
immune deficiency states, post-kidney transplantation,
postpartum period, complications of female childbirth, HIV
infection, spinal cord injury and central nervous system
damage.

In contrast to internal factors, external factors are often
associated with medical procedures, including instrumental
diagnostics and surgical procedures such as transurethral
resection of the prostate gland, prostate biopsy, as well as
the use of catheters and urinary drainage systems and
other therapeutic manipulations. In addition, the use of

intracavernous injections for the treatment of erectile
dysfunction is also mentioned among external factors. [6].

In turn, the prevalence of urolithiasis (urolithiasis)
ranges from 1% to 20% worldwide, depending on
geographical, climatic, ethnic and genetic factors, and recur
within the first five years in 26% of individuals with first-time
stones [7,8,10].

According to Romero V., Akpinar H., Assimos D.G.
(2010) the prevalence of urolithiasis is relatively high
(>10%) and has increased by more than 37% between
1983 and 2010 in countries with a higher standard of living
where a large proportion of the society follows a high-
protein diet [9,11-13].

Studies of scientists Romero V., et al. (2010), and
Lopez M., et al. (2010) concluded that not the least role in
the pathogenesis of urolithiasis is played by changes in
metabolic processes due to diseases or disorders such as
obesity, diabetes, metabolic syndrome, etc. [9,10].

The expected financial cost of treating patients with
urolithiasis in Germany in 2000 exceeds €500 million per
year [14]; in the United States, this approximate cost in
2007 (adjusted for inflation to 2014) was $3.79 billion, then
it is expected to exceed $4.5 billion per year by 2030 [15].

Urinary tract stones, if left untreated, can cause life-
threatening consequences such as obstructive uremia,
hypertension, acute and recurrent urinary tract infections,
pyelonephritis followed by septicaemia and septicaemia,
renal failure, acute and chronic renal failure (ARF and CKD)
and so on [16,17].

Urolithiasis almost always occurs in conjunction with
genitourinary infections (UTIs) or, which can be both a
cause and a consequence of urolithiasis. Often, infectious
complications occur at the hospital stage in patients who
have undergone surgical interventions or diagnostic
manipulations, including for urolithiasis. Management of
patients with such nosocomial genitourinary infections
(NIMPS) and surgical site infections (SSI) is quite difficult,
as their causative agents are usually Gram-negative
microorganisms with increased resistance to antimicrobials
[18,19,20]. Consequently, identifying risks and developing
techniques to predict severe non-infectious complications
after surgery and postoperative infections may play a key
role in reducing the risks and possibly preventing the
occurrence of postoperative infectious complications in
patients who undergo invasive procedures due to
urolithiasis.

According to the research conducted by A.Ch.
Usupbaev, B.A. Kabaev and their colleagues (2018) [24],
the wide spread of infectious complications after surgical
interventions in the practice of urology puts the issue of
their prevention in the forefront. Such complications are
especially common in patients who underwent surgery for
urolithiasis, which is explained by the interaction of intrinsic
and extrinsic risk factors.

The study analysed 116 episodes of postoperative
complications. It was recorded that 42 of these patients,
equivalent to 36.2% of the total, developed infections after
surgical intervention in the aria (OH). The division of
infections according to the depth of the lesion showed that
31 patients had superficial infections, 8 had deep infections,
and three had infections localised in the area of the
operated organ or cavity. In the remaining surgical cohort,
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17 patients (14.7%) developed pyelonephritis, while 24
(20.7%) developed urethritis after surgery. The researchers
identified different nosological forms of infectious
complications in patients undergoing different types of
urolithiasis treatment.

A number of common infectious sequelae following
surgical interventions performed as part of urolithiasis
therapy can be identified:

-Infections in the surgical area - 36.2% of cases,

-Acute inflammation of the urethra - 20.7%,

-Acute variant of pyelonephritis - 14.7%,

-Inflammation of perirenal fibre - 9.5%,

-Acute orchitis combined with appendiceal inflammation
- 7.8%,

-Acute inflammation of the bladder - 6%,

-Purulent inflammation of the kidneys - 3.4%,

-Infectious lesion with penetration into blood - 1.7%.

The following microorganisms are the most common
pathogens associated with health care services:

1.Escherichia coli - in 43% of cases,

2.Proteus - in 9.5% of cases,

3.Staphylococcus spp. including Staphylococcus aureus
-in 8.3% of cases,

4 Various microorganisms - in 11.9% of cases.

A study of the pattern of resistance to beta-lactam
antibiotics among members of the Enterobacteriaceae
family revealed that Escherichia accounted for 63.2% of the
total, Proteus 21%, and Klebsiella 15.8%.

The researchers' presentations emphasise the
importance of scientific work aimed at analysing the
distribution of treatment-resistant forms of microorganisms,
applying more accurate and sensitive tests and monitoring
these processes. Such measures contribute to improving
the results of therapeutic interventions, reducing the
likelihood of the spread of drug-resistant strains and
reducing the incidence of healthcare-associated infections.
[24].

A study of surgical outcomes performed by F.A. Akilov
and Sh.I. Giyasov (2017) [25] revealed multiple factors that
contributed to the development of postoperative
pyelonephritis in 115 patients. These include the presence
of primary urinary tract infection before surgery, despite
preoperative preparation, as well as various problems that
occurred during and after surgery.

Researchers emphasise that the chance of infection
and inflammatory reactions from endoscopic urolithiasis
surgery is related to both the presence of an initial urinary
tract infection and the number of complications that occur
during and after surgery. Those patients who already have
a urinary tract infection and experience additional difficulties
during and after endoscopic interventions for stone
management should be considered at increased risk for
postoperative infectious and inflammatory complications.
Studies show that complicated pyelonephritis is a
consequence of endoscopic removal of upper urinary tract
stones in about 11.2% of cases.

In the majority of patients, 82.6%, complicated
pyelonephritis was successfully managed with conservative
treatment, while 17.4% of patients required additional
invasive procedures and intensive care. This resulted in a
60% longer hospitalisation compared with the average [25].

®. Sadulloev studied the incidence of hospital-acquired
infections, taking into account the severity of the primary
disease, the extent and number of surgical and other
urological manipulations, including invasive and endoscopic
ones, as well as their regularity and duration. In addition, it
analysed how individual clinical manifestations affect the
overall dynamics of urinary tract infections and took into
account patients' gender and age as factors within the study
[26]. In a microbiological study of urine, drainage contents
and wound secretions, the research team analysed the
bacterial spectrum to determine the mechanisms of
infection. A total of 268 chicken, wound and drainage fluid
samples from 122 patients affected by hospital-acquired
infections were studied, leading to the identification of more
than 300 diverse microbial cultures. The diversity of
causative agents of urinary tract infections was extensive,
with ten predominant bacterial types identified. Among
patients with infections, microorganisms from the following
genera were most frequently detected:

-Escherichia - 24%,

-Proteus - 10.7 per cent,

-Ps.aeruginosa - 17.6%,

-Klebsiella - 5.8 per cent,

- totalling 58.1% of the total number of strains isolated.

-Bacteria of the Micrococcaceae family including the
genera Staphylococcus, Streptococcus and Enterococcus
occupied 30.9%.

-Fungi of the genus Candida, predominantly Candida
albicans, were found in 3.7% of cases,

-associations of different microorganisms amounted to
3.3%,

-and other microbes accounted for up to 4%.

Infections that occurred in the hospital setting during
diagnosis or treatment of patients were identified by
microbiological analysis of drainage fluids, purulent
secretions and urine, which revealed many bacterial strains
that were not present at the time of admission. The author
suggests that the underlying cause of nosocomial infection
in patients suffering from urolithiasis and treated by various
methods is most often Gram-negative bacteria. Among
Gram-positive  microorganisms, E.coli  (24%) and
Ps.aeruginosa (17.6%) and staphylococci (19.3%) were the
most common. In most cases, Gram-negative bacteria
cause inflammatory processes in the kidneys and upper
urinary tract, whereas Gram-positive microorganisms are
more commonly associated with lower urinary tract
inflammation (26).

M Charton, G Vallancien, B Veillon, J M Brisset studied
the bacteriological results of 126 cases of percutaneous
renal stone extraction. 107 patients had sterile urine
preoperatively and intentionally did not receive antibiotics
prophylactically so that the mechanisms of urinary tract
infection after percutaneous nephrolithotomy could be
studied [27]. Of these patients, 37 (35%) had postoperative
urinary tract infection, usually caused by Escherichia coli,
Streptococcus or Staphylococcus aureus. The pathogen
was isolated in bladder urine only in 22 cases, in the
nephrostomy tube in 2 and in both localisations in 13.
Eleven patients (10%) had a fever of 38.5°C or higher. All
infected patients received appropriate antibiotic therapy and
there were only 2 positive cultures at long-term follow-up
(5%). The risk of clinical infection after percutaneous
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nephrolithotomy is low, even though 35% of patients
develop bacteriuria in the postoperative period, provided
that a thorough preoperative bacteriological examination is
performed and patients with urinary tract infection are
adequately treated. These results are in favour of short-
term prophylactic antibiotic therapy adapted to the bacterial
ecology [27].

In modern urological practice retrograde intrarenal
surgery occupies an increasing share in the treatment of
kidney stones.

A research team led by Dong Soo Kim, Koo Han Yoo,
Seung Hyun Jeon, and Sang Hyub Lee evaluated the risk
factors for febrile urinary tract infections (UTIs) resulting
from retrograde intrarenal surgery (RIRS) to remove kidney
stones [28]. The study was based on a retrospective review
of medical files of patients with renal concretions ranging in
size from 10 to 30 millimetres who underwent RIRS
between January 2014 and July 2017. Parameters such as
age, gender, patient's body mass index, stone size and
location, and duration of surgery were taken into account in
the evaluation. It is noted that all surgical interventions were
performed by a single surgeon and no preoperative ureteral
stenting was performed. A total of 150 patients were
included in the study, out of which 17 (11.3%) patients had
febrile UTI after RIRC. The mean age of the patients was
56.64 + 13.91 years, both sexes were evenly distributed.
The mean stone size was 14.16 £ 5.89 mm.The mean
operative time was 74.50 + 42.56 minutes.

Dong Soo Kim, Koo Han Yoo, Seung Hyun Jeon, Sang
Hyub Lee [28] stated that age, sex, body mass index,
comorbidities, preoperative bacteriuria, hydronephrosis,
kidney stone characteristics, and time of surgery were not
associated with febrile UTI after retrograde intrarenal
surgery. Preoperative pyuria was the only risk factor for
infectious complications after retrograde intrarenal surgery.

Thus, the authors recommend careful management
after RIFC, especially when preoperative urinalysis shows
pyuria [28].

Hospital-acquired infection, which includes so-called
catheter-associated infection, also deserves special
attention. Tsewaeng Badamsuren points out that the main
foci of hospital infections in urology are associated with
activities in the dressing (54.1%) and cystoscopy (34.2%)
departments [29]. The main mechanism of transmission of
infections to the urinary system is still associated with
catheter use, where the risk of developing infection
increases depending on: Type of drainage system used and
In situations where open catheterisation is used, infectious
manifestations are reported in all patients by day five. In
situations where a closed catheterisation system is used,
infection is recorded in half of the patients on day ten and
reaches one hundred percent prevalence within a month:

-In situations where open catheterisation is used,
infectious manifestations are recorded in all patients by day
five. In situations where a closed catheterisation system is
used, infection is reported in half of the patients on day ten
and reaches one hundred percent prevalence within a
month.

Badamsuren also highlights factors that may contribute
to the accelerated spread of catheter-associated infections:

-Catheter insertion outside of the operating theatre
setting;

Catheterisation performed late in the patient's hospital
stay;

-Position of the drainage catheter above the level of the
bladder;

-The need to open urological drains to empty them
(contamination of systems);

-Inappropriate manipulation of the drainage system;

-Practice of regular replacement of urinary catheters
without strict indications.

F.F. Ercole, T.G. Macieira, L.C. Wenceslau emphasise
that the use of intermittent catheterisation is associated with
a reduction in complications and infectious processes
compared with continuous catheter use [30]. Catheter
removal within the first 24 hours after surgery, as well as
the use of antimicrobial-treated or hydrophilic-coated
catheters, helps to reduce the risk of urinary tract infection
[30].

In exceptional cases, when the catheter is colonised by
multiple resistant microorganisms, it may cause urosepsis
due to urinary catheter infection. An American research
group that studied the incidence of nosocomial infections in
patients at 15 US hospitals (based on data from the Duke
Infection Control Outreach Network) between 1 January
2010 and 30 June 2012 found that incidents of catheter-
associated infections were the second most common after
surgical infections, at 26% [31].

A study by S.S. Bansal, P.W. Power and A.S. Sawant
shows that the risk of inflammation with subsequent
urosepsis exists even in minimally invasive surgical
procedures such as percutaneous nephrolithotripsy. The
presence of large stones larger than 25 mm, intraoperative
haemorrhages requiring blood transfusion, and surgical
duration exceeding 120 minutes have been identified as
factors that increase this risk. [32].

Several authors suggest that urologists should be very
specific when choosing antibiotic treatment. Based on a
study by Ahmed A. Shokeir, Abdulla A. Al Ansari [33], they
argue that antibiotics should be administered to patients
with a stented ureter as if there were clinical signs of
infection and to patients with a high probability of infection.
In endourological strategies, antibiotic prophylaxis is
indicated in cases of contaminated stones, preoperative UTI
or long-term strategies [33].

The authors Chuan Peng, Zhaozhao Chen, Jun Xu
studied risk factors for MPS infection in patients undergoing
retrograde lithotripsy of upper urinary tract stone [34]. The
researchers found that Escherichia coli (62.90%) was the
most common bacterium in patients with urinary tract
infection. Female gender, age >50 years, diabetes mellitus,
stone diameter =2 cm, duration of ureteral catheter
placement =3 days, and duration of surgery 290 minutes
were independent risk factors for postoperative urinary tract
infection in patients with upper urinary tract retrograde
lithotripsy. In patients undergoing retrograde lithotripsy of
the upper urinary tract, countermeasures targeting these
risk factors are needed to prevent and reduce postoperative
urinary infection in the clinical setting [34].

Adam Cole, Jaya Telang, Tae-Kyung Kim [35] analysed
1817 cases of ureteroscopy from 11 hospitals. In
hospitalised patients, the causative organisms were Gram-
negative (61.5%), Gram-positive (19.2%), yeast (15.4%)
and mixed (3.8%) microorganisms. Key elements
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influencing hospitalisation due to infectious diseases
included an elevated Charlson comorbidity index, previous
recurrence of genitourinary tract infections, stone size,
complications during surgery, and procedures in which
stone fragments were not retrieved.

The authors state that one in 40 patients is re-
hospitalised with an infectious complication after
ureteroscopy.

In order to reduce the incidence of postoperative
complications, the authors recommend urinalysis and
bacteriological examination of urine in the postoperative
period [35].

Futoshi ~ Morokuma,  Eiji ~ Sadashima,  Soutaro
Chikamatsu, and Tomoya Nakamura [36] evaluated the risk
of febrile urinary tract infections after ureterorenoscopic
lithotripsy in patients with upper urinary tract stones. In a
retrospective analysis, they examined the clinical data of
109 patients who underwent this procedure. The
parameters analysed were age, sex, body mass index
(BMI), mobility, presence of diabetes, duration of surgery,
use of ureteral stent preoperatively, number and size of
stones, their characteristics on CT scan, localisation, as
well as the presence of urinary tract infection and
pyelonephritis preoperatively and urine bacteriological test
results. Comparisons were made between groups with
different postoperative outcomes.

Postoperative infection developed in three out of 109
patients (2.8%). When comparing the two groups, low BMI
was a significant risk factor.

One of the three episodes of febrile UTI was
accompanied by anorexia nervosa and BMI was 11 kg/m2.
As a result, the authors conclude that low BMI is a
significant risk factor for urinary tract infection after
ureterorenoscopy [36].

Recently, an increasing number of studies on the use of
disposable ureteroscopes have appeared. Rei Unno,
Gregory Hosier, Fadl Hamouche, David B Bayne state that
urinary tract infection is a frequent complication after
ureteroscopy [37]. Disposable ureteroscopes have been
shown to contain bacteria despite sterilisation. It is unknown
whether this characteristic was associated with a higher
incidence of UTls. The authors conducted a study
comparing the incidence of postoperative UTIls after
ureteroscopy for urolithiasis performed with disposable
ureteroscopes versus reusable ureteroscopes. The primary
outcome was postoperative urinary tract infection.

Secondary endpoints were intraoperative  and
postoperative outcomes, as well as the use of additional
medical services postoperatively. Of the 991 patients
identified, 500 (50.4%) underwent ureteroscopy using a
disposable ureteroscope. The incidence of postoperative
UTls was lower in those who underwent ureteroscopic
stone removal with a disposable ureteroscope compared to
a reusable ureteroscope. Use of a disposable ureteroscope
was associated with lower risks of postoperative UTI
compared with a reusable ureteroscope. Use of a
disposable ureteroscope was associated with a higher rate
of stone removal compared with a reusable ureteroscope.
There were no differences in operative time, overall
complication rates, re-hospitalisation or emergency
department visits between the two groups. Thus, the
authors concluded that the use of disposable ureteroscopes

resulted in a twofold reduction in the risk of UTI and an
increased stone removal rate after ureteroscopy for
urolithiasis compared with reusable ureteroscopes [37].

In this case report, the authors Luca Sindolo, Francesco
Berardinelli and Pietro Castellan [38] mention a very
important and unusual consequence of retrograde intrarenal
surgery. The authors describe a 44-year-old woman with a
single left kidney who had a history of extensive multiple
sclerosis, epilepsy, bed rest and percutaneous endoscopic
gastrostomy. The patient was hospitalised due to recurrent
lower urinary tract infections. A follow-up computed
tomography (CT) scan revealed an obstructive renal pelvic
stone measuring 1.7 ¢cm and multiple bladder stones. After
cancellation of percutaneous access, RIFC was planned
and performed. No intraoperative problems were found.
During the postoperative period, she developed urinary tract
septicaemia, which worsened her general health. The
patient died of septic shock six days after RIRC despite a
positive blood culture for Candida glabrata. As a result, the
authors recommend that future research should be
conducted in a certain direction and that the patient should
be carefully preoperatively prepared [38].

In their study, James P. Blackmoore, Neil W. Maitra,
and Rajendar R. Marri [39] sought to identify the factors
most likely to increase the incidence of postoperative
urosepsis within 28 days after ureteroscopy and laser
fragmentation of a ureteral or kidney stone. The authors
prospectively collected data from a single national health
centre.

A total of 462 patients were included in the study.
Thirty-four patients (7.4%) developed an episode of
urosepsis within 28 days after surgery. A positive
preoperative midstream urine culture was significantly
associated with postoperative urosepsis in multivariate
analysis despite appropriate treatment with a preoperative
course of antibiotics. Presence of diabetes mellitus,
presence of ischaemic heart disease, American Society of
Anaesthesiologists' patient status score, bilateral URS
during one session and stone volume were other variables
significantly associated with postoperative infection in single
factor analysis, but they ceased to be significantly
associated in multivariate analysis. analysis. analysis.
Subgroup analysis showed that a positive midstream urine
culture in both patients with and without a preoperative
ureteral stent was significantly associated  with
postoperative urosepsis. In matched pairs analysis, patients
with a positive preoperative bacteriological culture were
significantly more likely to have postoperative urosepsis
compared to the control group

Based on their results, the authors concluded that a
positive  preoperative  bacteriological  culture  was
significantly associated with postoperative urosepsis.
Patients at higher risk should be appropriately counselled
preoperatively and should be the focus of vigilant
postoperative follow-up. The study suggests special caution
in patients with a positive preoperative urine culture [39].

According to Marcelino Rivera , Boyd Viers , Patrick
Cockerill, %0 who analysed the case histories of 227 patients,
the presence of a coral stone increases the risk of
postoperative infection by more than 3 times.

Jun Sheng, Fa Sin, Fang-Ming Chen and Zhi-Ping Wu
[40] aimed to identify risk factors that contribute to the
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development  of  urosepsis  after  endoscopic
ureterolithotripsy in patients without preoperative infection.
Their aim was to create a more efficient and safer approach
to the prevention and treatment of such complications. The
authors analysed the histories of 5 patients with ureteral
calculi who underwent endoscopic lithotripsy of ureteral
stones with Holmium laser and developed urosepsis in the
postoperative period, confirmed by clinical and laboratory
findings, while they had no preoperative blood or urine
infection. All 5 patients were eventually cured. The authors
state that stones and surgery alone are potential factors
causing urosepsis after endoscopic ureteral lithotripsy, even
in the absence of infection preoperatively. Careful
preoperative preparation, corrective manipulation, low-
pressure irrigation, drainage and time control during
surgery, as well as early diagnosis and appropriate
postoperative management, are key to cure and prevention
of urosepsis, especially for patients who have not had
infection before surgery [41].

Discussion of results

Urolithiasis (urolithiasis) continues to be an important
medical problem with a high prevalence, especially in
countries with a high standard of living where high-protein
diets are common. The increased incidence is associated
with metabolic disorders such as obesity and diabetes,
requiring a comprehensive treatment approach including
nutritional intervention and management of comorbidities.
The economically rising costs of treating urolithiasis, which
are projected to be up to $4.5 billion in the US by 2030,
highlight the need to optimise diagnostic and treatment
methods.

One of the most serious complications of urolithiasis
remains infections, especially after surgery. This requires
the development of effective preventive strategies, including
the fight against antibiotic resistance. Despite advanced
therapies, urinary tract infections, especially pyelonephritis,
remain frequent complications after surgical interventions
such as ureterorenoscopy or endoscopic lithotripsy. For
example, studies have shown that the risk of infections after
endoscopic upper urinary tract stone removal surgery can
be as high as 11.2% for complicated pyelonephritis. These
data emphasise the need for early detection and effective
treatment of urinary tract infections prior to surgery.

Special attention is paid to preoperative preparation.
The presence of a primary urinary tract infection, even
despite the preparation, may contribute to complications.
The risk of infectious complications also depends on the
complexity of the operation and the patient's condition.
Patients with primary urinary tract infections or those who
encounter difficulties during the intervention have an
increased risk of developing infections.

In addition, it is important to note the impact of
catheterisation on the incidence of infectious complications.
The wuse of catheters, especially in prolonged
catheterisation, significantly increases the risk of infection,
which requires adherence to strict protocols for catheter
insertion and use, as well as antibiotic prophylaxis. Open
catheterisation increases the risk of infection in the first
days after surgery, whereas a closed system causes
infectious manifestations later, but with a longer period of
spread.

To minimise infectious complications associated with

urinary tract surgery, appropriate choice of equipment (e.g.
disposable ureteroscopes, which reduce infection rates
compared with reusable ones), careful preoperative
diagnosis, antibiotic prophylaxis and strict postoperative
monitoring are important measures. Urinary tract stones,
especially coral stones, significantly increase the likelihood
of urosepsis, even in the absence of infection
preoperatively, which also emphasises the importance of a
comprehensive approach to treatment and infection
prevention.

Thus, successful treatment of urolithiasis requires a
comprehensive  approach  that includes dietary
recommendations, correction of metabolic disorders,
improved medical care, and effective prevention and
treatment of infectious complications.

Conclusions

Urolithiasis remains an important medical problem
characterised by high morbidity, especially in countries with
a high standard of living where high-protein diets are
common. In recent decades, there has been an increase in
the incidence of urolithiasis, which is associated with
metabolic disorders such as obesity and diabetes. These
changes require a comprehensive approach to treatment,
including nutritional correction, treatment of comorbidities
and the use of modern diagnostic and therapeutic methods.

Special attention should be paid to infectious
complications, which are a serious problem in the surgical
treatment of urolithiasis. Urinary tract infections such as
pyelonephritis and urosepsis remain frequent complications
after urinary tract surgery. This emphasises the need to
develop effective preventive strategies such as antibiotic
prophylaxis and antibiotic resistance, as well as close
monitoring of patients in the postoperative period.
Preoperative preparation is an important step in preventing
infections, as the presence of urinary tract infection before
surgery significantly increases the risk of postoperative
complications. A positive preoperative bacteriological urine
culture is also a risk factor for the development of infections,
which requires preoperative treatment and monitoring.

In addition, the choice of medical equipment has a
significant impact on the incidence of infectious
complications. For example, the use of disposable
ureteroscopes is associated with a lower incidence of
infection compared with reusable ones, which confirms the
importance of choosing quality equipment. However, even
in the absence of preoperative infection, the presence of
stones, especially coral stones, increases the likelihood of
urosepsis, which requires special attention during
preparation and surgical intervention.

An equally important problem is catheter-associated
infections, which significantly increase the risk of infections
in the postoperative period, especially with prolonged
catheter use. In such cases, the use of antibiotic
prophylaxis, preference for intermittent catheterisation and
the use of antimicrobial catheters can significantly reduce
the incidence of infectious complications.

Thus, successful treatment of urolithiasis and
prevention of infectious complications require a
comprehensive approach, including the correct choice of
equipment, preoperative diagnosis, antibiotic prophylaxis
and careful monitoring of the postoperative condition of
patients. It is important to consider the individual risks of
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each patient to minimise the likelihood of complications and
improve treatment outcomes.
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