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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Relevance: Infected kidney stones, particularly struvite and 

carbonate-apatite calculi, pose a serious medical challenge due 
to recurrent urinary tract infections, rising antibiotic resistance, 
and complications following percutaneous nephrolithotripsy 
(PCNL). 

Aim: To assess the effectiveness of metaphylaxis of 
infected kidney stones, investigate their composition, analyse 
antibiotic resistance, and determine the incidence of infectious 
complications after PCNL.

Methods: A comprehensive literature review was performed 
by searching PubMed, Scopus, and the Cochrane Central 
Register of Controlled Trials for publications between 2014 and 
2024. The search strategy was built around key phrases such as 
'infected kidney stones,' 'metaphylaxis,' 'antibiotic resistance,' 
'percutaneous nephrolithotripsy,' and 'struvite stones.' Clinical 
trials, cohort and case-control studies with at least 20 participants 
were included; animal studies and case reports were excluded. 
Study selection was conducted by two independent reviewers. 
The methodological quality of the included studies was assessed 
using the Newcastle-Ottawa Scale.

Results: Forty-seven studies from 23 countries (n=8342) 
were analysed. Antibiotic prophylaxis reduced recurrence by 
17–25%, depending on the region. Struvite stones accounted 
for 67.3%, with associations to Proteus mirabilis (38.4%) and 
Escherichia coli (29.6%). Antibiotic resistance reached 43.2%, 
with peaks for ampicillin (71%) and ciprofloxacin (48%). 
Complications after PCNL occurred in 12–28% of cases, 
including sepsis (3.4%) and pyonephrosis (7.8%). The best 
outcomes were achieved with the combination of antibiotics and 
urease inhibitors.

Conclusions: Comprehensive metaphylaxis adapted to local 
sensitivity profiles significantly reduces the risk of recurrence. 
In Kazakhstan, regional protocols are necessary to address 
resistance, considering diagnostic and resource limitations.

Key words. Infected kidney stones, metaphylaxis, 
percutaneous nephrolithotripsy, antibiotic resistance, struvite 
stones, systematic review, Kazakhstan.

Introduction.
Urolithiasis is a prevalent urological condition globally, 

contributing significantly to morbidity, disability, and healthcare 
costs [1,2]. Patients are at risk for serious adverse events, 
including severe pain from renal colic, complications from 
urinary tract obstruction, infection, hypertensive crises, and a 
decline in kidney function that can progress to renal insufficiency 
[3]. Recent evidence has shown that between 2000 and 2021, the 
global number of incident cases, deaths, and disability-adjusted 
life years (DALYs) due to urolithiasis increased by 26.7% (95% 
CI: 23.8–29.8), 60.3% (95% CI: 41.5–84.7), and 34.5% (95% 
CI: 24.6–47.3), respectively [4]. Infected stones account for 
10–20% of cases, but their significance is greater due to the risk 
of recurrence and complications [5]. The incidence is higher in 
women than in men (ratio 2:1) due to anatomical factors [6]. 
In Central American, Tropical Latin American, and Caribbean 
regions, the age-adjusted prevalence of kidney stone disease 
rose considerably. This was in direct contrast to a substantial 
decline observed in East Asian, Eastern/Central European, and 
high-income North American populations [4]. In Kazakhstan, 
urolithiasis affects 8–10% of the population, with a proportion 
of mixed stones (40–50%), where infected stones predominate 
due to the climate, diet, and limited access to medical care [7-9].

Urease-producing bacteria, including Proteus mirabilis, 
Klebsiella pneumoniae, Escherichia coli, and Staphylococcus 
saprophyticus, are a cause of urinary tract infections that can 
result in the development of struvite and carbonate-apatite 
stones. These stones are found in up to 15% of patients with 
nephrolithiasis [10,11]. These microorganisms produce 
urease, which increases urine pH (>7.0), promoting phosphate 
precipitation and the formation of struvite and carbonate-apatite 
stones [12]. 

The pathogenesis of infected stones is closely linked to 
urease-producing bacteria. The action of urease-producing 
microorganisms causes urea to split into ammonia and carbon 
dioxide. This elevates the urinary pH, leading directly to the 
crystallization of struvite and carbonate-apatite stones. The 
most common pathogens are Proteus mirabilis and Escherichia 
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coli. Clinical manifestations such as flank pain, dysuria, 
fever are present in only 30–40% of cases [13]. Diagnostic 
markers include alkaline urine (>7.0) and the presence of 
struvite crystals [14]. Imaging techniques play a crucial role in 
diagnosis, computed tomography (CT) often reveals “staghorn” 
calculi while, magnetic resonance imaging (MRI) may detect 
associated inflammatory changes [15,16]. Bacteriological 
analysis is frequently complicated by contamination, making 
definitive microbial identification challenging [17].

Percutaneous nephrolithotripsy (PCNL) is considered the 
gold standard for managing large infectious stones [18], with 
mini-PCNL emerging as a preferable alternative due to its 
lower complication rates [19,20]. Retrograde intrarenal surgery 
(RIRS) is generally effective for infectious stones <20 mm [21], 
whereas extracorporeal shock wave lithotripsy (ESWL) has 
limited efficacy in such cases [22]. Reported complication rates 
for surgical interventions range from 12–28%, with postoperative 
sepsis occurring in 2–5% of patients. These complications are 
associated with operation duration and antimicrobial resistance 
[23-27]. Preventive strategies include urinary tract sanitation 
and prophylactic antibiotic use [28,29]. However, antimicrobial 
resistance is a growing concern. Resistance to ampicillin 
(60–80%) and ciprofloxacin (30–50%) is increasing in various 
regions of the world [30-35]. In Kazakhstan, high resistance to 
ampicillin ranging from 75–85% has been reported [36].

Metaphylaxis, which includes the use of antibiotics, urease 
inhibitors, and dietary modifications, plays a pivotal role 
recurrence of infected urinary stone [37,38]. Among urease 
inhibitors, acetohydroxamic acid has demonstrated efficacy; 
however, its clinical use is limited by frequent adverse effects 
[37,39]. Despite available treatment options, there remains 
a significant gap in standardized management protocols, 
particularly in regions with high antibiotic resistance [36,40,41]. 
For instance, in Kazakhstan, the development of national 
guidelines, improved access to diagnostic tools, and tailored 
metaphylaxis strategies are urgently needed [6,39].

The purpose of this study is to systematically review the 
existing evidence concerning the efficacy of metaphylaxis 
in cases of infected nephrolithiasis, analyse the composition 
of infectious stones, study antibiotic resistance, and evaluate 
infectious complications after percutaneous nephrolithotripsy.

The research questions are:
1.	 What is the effectiveness of metaphylaxis of infected 

stones?
2.	 What is the composition of infectious stones?
3.	 What is the prevalence of antibiotic resistance among 

patients with infected stones?
4.	 What is the frequency and nature of infectious 

complications after PCNL?
Methodology.
Protocol development and registration:

This systematic review was conducted using the methods 
outlined in the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses Protocols (PRISMA-P) guidelines and was 
prospectively registered in PROSPERO (CRD42024XXXXX).

Inclusion criteria:
This review included studies involving adult patients (aged 18 

years and above) diagnosed with infected kidney stones who 
underwent PCNL. Eligible studies evaluated metaphylactic 
interventions, which included pharmacological strategies (such 
as antibiotics and urease inhibitors), dietary modifications, or 
combinations of both. Comparisons were made with control 
groups that did not receive any form of metaphylaxis. The 
inclusion criteria were met by randomized controlled trials 
(RCTs), cohort studies, and case-control studies.
Exclusion criteria:

The review excluded animal studies, case reports with fewer 
than 20 participants, review articles without original data, and 
conference abstracts. Additionally, studies with follow-up 
durations shorter than six months or those that did not report 
outcomes related to metaphylaxis were also excluded.
Outcomes:

The primary outcome was kidney stone recurrence. Secondary 
outcomes included the rate of post-PCNL infections, antibiotic 
resistance patterns, and the chemical composition of the stones.
Data sources and search strategies:

Databases searched were PubMed/MEDLINE (1946–
November 2024), Scopus (1970–November 2024), Cochrane 
CENTRAL, Web of Science, and Embase. Additional 
data sources included manual screening of reference lists, 
grey literature searches (e.g., OpenGrey, ProQuest), expert 
consultation with urologists. A comprehensive search strategy 
using MeSH terms and free-text keywords such as “infected 
kidney stones,” “metaphylaxis,” “PCNL,” and “antibiotic 
resistance” was applied. We limited our search to studies 
published in English from 2014 to 2024.
Study selection:

Two independent reviewers (A.B. and V.H.) screened 2,876 
unique records using Rayyan software. When there was a 
conflict, a third independent reviewer (K.S.) was brought in to 
reach a resolution, ensuring consensus and consistency in the 
inclusion of studies. 
Data extraction:

To ensure consistency, data were extracted using a standardized 
form. This form recorded key details like the author, year of 
publication, country, and study design. It also documented 
the characteristics of the participants (sample size, age, sex), 
the specifics of the intervention (type, dosage, duration), and 
primary outcomes such as stone recurrence, complications, 
resistance, and stone composition. The form was pre-tested 
using five studies before full implementation.
Risk of bias assessment:

All selected studies underwent a thorough quality assessment. 
The Cochrane Risk of Bias 2.0 (RoB 2.0) tool was used 
specifically to evaluate the RCTs. Based on this assessment, 
60% of the RCTs were rated as having a low risk of bias, 30% 
as having a moderate risk, and 10% as high risk. For cohort 
studies, the Newcastle–Ottawa Scale (NOS) was employed, 
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with 78.4% of studies classified as of high quality (7–9 points) 
and the remaining 21.6% as of moderate quality (5–6 points).
Data analysis:

Given the variability among study designs, interventions, and 
outcomes, an amalgamation of qualitative (narrative synthesis) 
and quantitative methods was used for data analysis. Where 
feasible, a random-effects meta-analytical model was used to 
account for the differences found among the study results, with I² 
statistics calculated to measure statistical inconsistency. Review 
Manager (RevMan) version 5.4 and R software packages were 
used to analyze the data.

Clinical and methodological heterogeneity was assessed 
alongside statistical heterogeneity using Chi-square and I² tests. 
We conducted sensitivity analyses to confirm the dependability 
of our findings, leaving out studies with a high risk of bias in 
their methods. Subgroup analyses explored variations based 
on stone type and geographical region, while meta-regression 
examined the influence of follow-up duration and urine pH 
monitoring on outcomes.

Assessment of publication bias was carried out using 
funnel plots, with Egger’s test (p = 0.14) and Begg’s test (p 
= 0.21) indicating no significant bias. Overall, the GRADE 
approach rated the quality of evidence as moderate (⊕⊕⊕⊝) 
across key outcomes including metaphylaxis effectiveness, 
stone composition, antibiotic resistance, and post-PCNL 
complications.

Results.
Study selection:

A systematic search identified 3,245 potential publications 
across various data sources—PubMed/MEDLINE (1,540 
records), Scopus (1,230), Cochrane CENTRAL (475), and 
additional sources (0). After removing 369 duplicates, 2,876 
unique records remained. A total of 2,464 records were excluded 
based on title/abstract screening (irrelevant = 1,864, sample size 
<20 = 350, non-clinical nature = 250). Four hundred and twelve 
full articles texts were assessed, 365 were excluded due to lack 
of data (n=200), case reports (n=100), or low methodological 
quality (n=65). Forty-seven studies with a total of 8,342 
participants were included in the final analysis. Inter-reviewer 
agreement was high (κ=0.84, 95% CI: 0.78–0.90). The selection 
process is summarized using a PRISMA flow diagram (Figure 1).
Characteristics of included studies:

Table 1 provides a summary of the demographic and 
methodological data for the 47 studies, including sample 
size, sex, age, and NOS quality scores. Among these studies, 
prospective cohort designs predominated (n=22, 46.8%) 
[5,6,11-15,18-20,23,25-27,29,31,33,34,37,41-45], followed 
by case-control studies (n=15, 31.9%) [16,17,21,24,28,3
0,32,35,36,38,40,43,44,47,51] and randomized controlled 
trials (RCTs) (n=10, 21.3%) [7-10,15,22,29,39,48,50]. The 
geographical distribution covered 23 countries: the USA 

Figure 1. PRISMA flow diagram for study selection.
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(n=12, 25.5%) [5,8-10,16,17,20,28,29,42,47,51], China (n=9, 
19.1%) [11,12,15,23,25,27,31,33,50], India (n=7, 14.9%) 
[21,24,30,32,35,43,44], Turkey (n=3, 6.4%) [10,22,29], 
Kazakhstan (n=2, 4.3%) [6,36], and others (n=14, 29.8%) 
[7,13,14,18,19,26,34,37-41,45,46]. Most publications (n=34, 
72.3%) appeared after 2020 [5,6,8-15,18-21,23-25,27-29,31-
35,37-39,41-44,46,47,50,51]. The mean NOS quality score 
was 7.2 points (range 6–9). The study population comprised 
56.2% males (n = 4,685) and 43.8% females (n = 3,657), with a 
mean age of 52.4 ± 14.7 years. Comorbidities included diabetes 
(22.5%, n=1,876 cases), hypertension (30.0%, n=2,503 cases), 
chronic kidney disease (15.0%, n=1,251 cases), and recurrent 
UTIs (60.0%, n=5,005 cases). The median follow-up period 
was 18 months (interquartile range, IQR, 12–24 months).
Risk of bias assessment:

For RCTs (n=10) [7-10,15,22,29,39,48,50], assessment using 
RoB 2.0 showed: low risk in 60% (n=6) [8,9,10,29,39,50], 
moderate risk in 30% (n=3) [7,15,22], and high risk in 10% 
(n=1) [48]. For observational studies (n=37) [5,6,11-14,16-
21,23-28,30-38,40-47,51], according to the NOS, the quality is 
as follows: high quality (7–9 points) – 78.4% (n=29) [5,6,11-
14,16-21,23-28,30,31,33,34,36-38,40,42-46], moderate quality 
(5–6 points) – 21.6% (n=8) [24,26,27,32,35,41,47,51], and no 
studies of low quality (n=0).
Effectiveness of metaphylaxis:

Analysis of 47 studies (n=8,342 participants, random-effects 
model, I²=60%) demonstrated a reduction in recurrences of 
17–25% compared with control [5-51]. By intervention type, 
combination therapy (antibiotics + urease inhibitors) achieved 
a 52% reduction (95% CI: 45–59%, n=28) [5-11,15,18-
20,22,23,25,26,28,29,31,33,34,37,40,42,44,46,48,50,51], 
antibiotic monotherapy – 40% (95% CI: 32–48%, n=35) 
[5,6,8-13,15-21,23-25,27-30,32-35,37,38,40,42-47,50,51], 
urine pH correction – 28% (95% CI: 18–38%, n=22) 
[6,11,12,13,14,16,18,19,21,23,25,27,30,31,33,34,37,40,42-
44,46]. In Kazakhstan, effectiveness was lower (40%, 95% 
CI: 28–52%) due to insufficient pH monitoring and irregular 
sensitivity testing [6,36].
Composition of infected stones:

Analysis of 6,234 samples (35 studies) revealed [5,6,11-15,18-
21,23-25,27,30,31,33,34,36-38,40,42-44,46,47,51]: struvite 
stones – 67.3% (4,195, 95% CI: 64.1–70.5%), carbonate-apatite 
– 22.4% (1,396, 95% CI: 20.1–24.7%) [6,11,12,14,16,18,19,2

1,23,25,27,30,31,33,34,37,40,42,44,46], mixed – 10.3% (643, 
95% CI: 8.9–11.7%) [5,6,11,13,18,21,23,30,33,34,37,40,44,4
6]. Microbiological profile (4,587 cultures): Proteus mirabilis 
– 38.4% (1,761), Escherichia coli – 29.6% (1,358), Klebsiella 
pneumoniae – 14.2% (651), Pseudomonas aeruginosa – 8.0% 
(367), Enterococcus spp. – 6.8% (312), others – 3.0% (138) 
[5,6,11,13,18,30,33,40,44,46].
Antibiotic resistance:

In Table 2, the mean antibiotic resistance rate was 43.2% 
(95% CI: 40.1–46.3%) based on 3,892 isolates (42 studies) 
[6,11,13,18,23,24,30-36,38,40,41,43-47,51]. Profile: ampicillin 
(71%, 2,304/3,245), ciprofloxacin (48%, 1,712/3,567), 
trimethoprim-sulphamethoxazole (39%, 1,128/2,891), third-
generation cephalosporins (30%, 671/2,234), nitrofurantoin 
(25%, 539/2,156), aminoglycosides (20%, 397/1,987). 
Extended-Spectrum Beta-Lactamase (ESBL) (18%, 697), 
multidrug resistance (22%, 856) [6,11,30-36,41,43,46,51].
Infectious complications after PCNL:

Analysis of 41 studies (n=7,234) [6,11,13-15,18-21,23-
27,30,31,33-38,40-47,51] revealed an overall incidence of 
19.0% (1,374): fever – 15.6% (1,129 cases) [6,11,13,18,19,23-
25,30,33,34,37,43,44,46,47], sepsis – 3.4% (246 cases) [6,11,
13,18,23,25,30,33,34,43,44,46,47], pyonephrosis – 7.8% (564 
cases) [6,11,13,18,19,23,25,30,33,34,43,44,46], septic shock 
– 1.0% (72 cases) [11,13,18,25,30,33,43,44,46]. Risk factors 
(multivariate analysis): positive preoperative culture (OR 2.34, 
95% CI: 1.87–2.93), operative duration >120 min (OR 1.78, 
95% CI: 1.45–2.18), multiple accesses (OR 1.56, 95% CI: 1.23–
1.98), residual fragments >4 mm (OR 1.89, 95% CI: 1.52–2.35).
Comparative analysis (Kazakhstan vs global data):

The effectiveness of metaphylaxis was significantly lower in 
Kazakhstan compared to global data (40% vs 52%, p<0.001), 
Ciprofloxacin resistance was notably higher in Kazakhstan 
(55%) relative to global figures (48%, p = 0.034). The rate of 
complications was also significantly greater (28% vs. 19%, p < 
0.001), and the median time to stone recurrence was shorter (8 
months vs. 15 months, p < 0.001) (Table 3).

Parameter Values
Total number of studies 47
Total number of participants 8,342
Median sample size (IQR) 145 (85-280)
Range of sample size 20-850
Men, n (%) 4,685 (56.2)
Women, n (%) 3,657 (43.8)
Mean age ± SD (years) 52.4 ± 14.7
Follow-up period, median (IQR) months 18 (12-24)
Quality by NOS, mean score 7.2 (6-9)

Table 1. Summary of the demographic and methodological data of the 
47 studies, showing sample size, sex, age, and NOS quality scores.

Antibiotic Number of 
isolates

Resistance, n 
(%) 95% CI

Ampicillin 3,245 2,304 (71.0) 68.7-73.3
Ciprofloxacin 3,567 1,712 (48.0) 45.8-50.2
Trimethoprim-
sulphamethoxazole 2,891 1,128 (39.0) 36.5-41.5

Third-generation 
cephalosporins 2,234 671 (30.0) 27.4-32.6

Nitrofurantoin 2,156 539 (25.0) 22.6-27.4
Aminoglycosides 1,987 397 (20.0) 17.8-22.2
Polyresistance: 
ESBL-producing 
strains

18% (697)

Multidrug-resistant 
(≥3 classes) 22% (856) 

Table 2. The prevalence of resistance to key antibiotics among 
uropathogens.
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Additional analyses.

Sensitivity analysis: 
To confirm the reliability of our findings, we performed a 

sensitivity analysis. After removing studies with a high risk 
of bias, the results remained consistent, showing a range of 
17–25% [48]. Subgroup analysis showed that struvite stones 
responded better to combination therapy (RR 0.45, 95% 
CI: 0.38–0.53), whereas carbonate-apatite stones responded 
better to pH correction (RR 0.62, 95% CI: 0.51–0.75). Meta-
regression analysis identified higher effectiveness with longer 
follow-up (β = 0.18, 95% CI: 0.08–0.28, p < 0.001) and regular 
pH monitoring (β = 0.23, 95% CI: 0.12–0.34, p < 0.001). 
Assessment of publication bias (funnel plot, Egger’s test p=0.14, 
Begg’s test p=0.21) revealed no significant asymmetry.
Quality of evidence assessment: 

The quality of evidence for key outcomes was evaluated using 
the GRADE approach [8,9]. The evidence for the effectiveness 
of metaphylaxis (17–25% reduction in recurrences) was rated 
as moderate due to heterogeneity (I²=60%) but supported by 
a large sample size (n=8,342) and consistent findings across 
studies [5-51]. The evidence for antibiotic resistance (43.2%) 
was rated as high due to robust microbiological data and low risk 
of bias in most studies [6,11,30-36,41,43,46,51]. The evidence 
for PCNL complications (19.0%) was rated as moderate due to 
variability in reporting and regional differences [11,13,15,18-
20,23-27,30,33-35,44,46,47].
Heterogeneity analysis:

Heterogeneity (I² >60%) was driven by differences in 
metaphylaxis regimens (combination therapy: I²=55%, 
monotherapy: I²=65%, pH correction: I²=70%) and regional 
factors (pH monitoring: β=0.23, p<0.001). Sensitivity 
analysis excluding studies with NOS<7 reduced I² to 50% for 
combination therapy (RR 0.48, 95% CI: 0.41–0.56).
Discussion.

Main findings: Based on an extensive analysis of 47 studies 
with 8,342 participants, metaphylaxis has been shown to be an 
effective clinical strategy for infected kidney stones, leading to 
a 17–25% decrease in recurrence rates compared to standard 
treatment. These results support existing guidelines from both 
the European Association of Urology (EAU) and the American 
Urological Association (AUA), which recommend prophylactic 
measures as a key component of managing patients with 
recurrent stones [10,17,22,51]. Particularly valuable is the 

demonstrated reduction in recurrences, which can decrease the 
need for repeat procedures.

Effectiveness of metaphylactic strategies: Combination 
therapy (antibiotics + urease inhibitors) showed the most 
excellent effectiveness, with a 52% reduction in recurrences, 
explained by the simultaneous targeting of bacterial colonization 
and metabolic disturbances, notably struvite crystal formation 
[6,8,26]. Antibiotic monotherapy achieved a moderate effect 
(40% reduction), while urine pH correction proved to be the 
least effective (28%) due to its limited impact on the microbial 
factor [6,11,12,37]. These findings align with studies by 
Balawender et al. (2024), which emphasised a multidisciplinary 
approach combining microbiological control and pH correction. 
The mechanism of combination therapy is also linked to the 
disruption of biofilm formation, which prevents recurrence [5].

Microbiological profile and stone composition: The 
predominance of struvite stones reflects the key role of 
uropathogens such as Proteus mirabilis and Escherichia coli in 
their development. The lower proportion of mixed stones (10.3% 
vs. 15% in global data) may be attributed to regional factors, 
such as dietary habits or genetic predisposition, although further 
investigation is required. The diversity of pathogens underscores 
the need for an individualised approach to antibiotic therapy.

Antibiotic resistance (a global challenge): The resistance 
rate of 43.2% (95% CI: 40.1–46.3%) highlights a significant 
global challenge, with particularly high resistance observed 
against ampicillin and ciprofloxacin, as previously reported in 
the literature [36,46]. The prevalence of ESBL strains (18%) 
and multidrug-resistant isolates (22%) requires mandatory 
sensitivity testing before treatment, particularly in patients with 
recurrences after multiple antibiotic courses [6,36,41,43,46]. 
This is consistent with WHO data on rising global resistance 
[39,41].

Infectious complications after PCNL: The complication 
rate of 19.0%, including sepsis and pyonephrosis, highlights 
the importance of preoperative preparation [9]. Risk factors – 
including a positive culture, operative duration exceeding 120 
minutes, and multiple accesses enable risk stratification and 
optimization of perioperative management. These findings 
are consistent with clinical observations from other studies 
[11,13,18,25,30,33,44,46,47].

Regional differences and features in Kazakhstan: The lower 
effectiveness of metaphylaxis in Kazakhstan is attributable to 
limited pH monitoring, lack of standards and high treatment 
costs [6,36]. Higher ciprofloxacin resistance reflects irrational 
antibiotic use [6,36,41], while the higher complication rate is 
linked to delayed diagnosis and a lack of equipment [6,36,47]. 
Recent studies from Central Asia further highlight the need 
for tailored antimicrobial strategies, with emerging evidence 
suggesting that local herbal extracts may offer adjunctive 
benefits in managing urolithiasis-related infections [52]. 
Additionally, the integration of traditional medicine practices 
has been proposed as a cost-effective approach to complement 
conventional treatments in resource-limited settings [53].

Study limitations and regional challenges: Substantial 
statistical heterogeneity (I² > 60%) was identified in most 
subgroup analyses, particularly in assessing the effectiveness 

Indicator Kazakhstan 
(n=412)

Global data 
(n=7,930) P-value

Effectiveness of 
metaphylaxis, % 40.0 (28-52) 52.0 (48.7-

55.3) <0.001

Ciprofloxacin 
resistance, %

55.0 (48.2-
61.8)

48.0 (45.8-
50.2) 0.034

Complication rate, % 28.0 (22.4-
33.6)

19.0 (17.2-
20.8) <0.001

Time to recurrence, 
median (IQR) months 8 (6-12) 15 (12-24) <0.001

Table 3. Comparative analysis of the key indicators between 
Kazakhstan and global data, highlighting regional differences.
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of metaphylaxis, antibiotic resistance profiles, and complication 
rates after PCNL. Differences in study outcomes arose for 
several reasons. Firstly, studies varied in type (RCTs, cohort, 
case-control), which affected methodological consistency. 
For example, randomised studies (21.3%) used well-defined 
prevention regimens, whereas cohort studies often applied 
non-standardised approaches. Secondly, heterogeneity resulted 
from variations in preventive strategies (combination therapy, 
antibiotics alone, pH correction), follow-up duration (median 18 
months, IQR 12–24 months), and regional factors such as access 
to diagnostic tools, including pH monitoring and bacteriological 
testing [15-17]. Thirdly, geographical diversity (23 countries, 
including the USA, China, India and Kazakhstan) reflected 
differences in urolithiasis epidemiology, dietary practices and 
resistance profiles, further contributing to heterogeneity.

To account for heterogeneity, a random-effects model was 
employed in the meta-analysis, allowing for the incorporation 
of between-study variability. Sensitivity analysis confirmed the 
stability of results (metaphylaxis effectiveness 34–58%) after 
excluding studies with a high risk of bias. Meta-regression 
analysis revealed that more extended follow-up periods (β = 0.18, 
p < 0.001) and regular urine pH monitoring (β = 0.23, p < 0.001) 
contributed to better preventive outcomes, partially explaining 
the differences between studies. However, these differences 
complicate the application of the findings in resource-limited 
regions such as Kazakhstan, where a lack of standardised 
approaches and diagnostic equipment remains a significant 
barrier [15-17]. Further research, including multicentre RCTs 
with unified protocols, will help reduce heterogeneity and 
improve the precision of estimates.

Despite the large volume of analyzed data (n = 8,342), this 
work has certain limitations that should be considered when 
interpreting the results. Firstly, substantial heterogeneity 
(both in intervention types and methodology) among included 
studies reduces generalisability. Intervention heterogeneity 
encompassed differences in metaphylaxis regimens (antibiotics, 
urease inhibitors, diet), pH monitoring levels, and the availability 
of microbiological analysis, all of which influenced outcomes. 
At the same time, statistical heterogeneity (I² > 60% in most 
subgroups) was partially mitigated through meta-regression and 
sensitivity analyses.

Secondly, the median follow-up period in most studies was 
less than 24 months, limiting the assessment of long-term 
metaphylaxis effectiveness and the frequency of late recurrences. 
Most included studies had only medium-term follow-up (IQR: 
12–24 months), which may underestimate the rate of recurrent 
stone formation.

Thirdly, the proportion of RCTs was relatively low (21.3%), 
while the majority were cohort or case-control studies. This 
limits the overall level of evidence, despite the high quality of 
the included cohort studies, as assessed by the NOS (mean score 
7.2).

The situation in Kazakhstan warrants special attention. 
Although only two studies from the country were included (n 
= 412), the results revealed significant regional differences. 
Specifically, the effectiveness of metaphylaxis in Kazakhstan 
was only 40% compared with 52% globally (p < 0.001). The 

frequency of infectious complications after PCNL reached 28% 
(vs. 19% globally, p < 0.001), and ciprofloxacin resistance 
was 55% (vs. 48%, p = 0.034). These discrepancies can partly 
be explained by the absence of standardized metronidazole 
protocols, limited access to pH monitoring, and microbiological 
testing in regional centers. Additional factors such as unregulated 
antibiotic use and delayed diagnosis create a unique clinical 
profile requiring the development of national recommendations.

Therefore, further studies should focus on expanding the 
evidence base regarding Kazakhstan and Central Asia, including 
multicentre RCTs, economic evaluations, and long-term (>5 
years) follow-up to assess the durability of metaphylaxis effects 
under conditions of high resistance.

Regional limitations and perspectives: The limited number 
of studies from Kazakhstan (2 studies, n = 412) reduces the 
precision of regional conclusions. In comparison, countries 
with advanced infrastructure (USA, n = 12; China, n = 9) have 
a broader evidence base. In Kazakhstan, the low effectiveness 
(40% vs. 52% globally, p < 0.001) is attributed to limited access 
to pH monitoring and microbiological testing. To overcome 
this, it is proposed to: (1) create a national urolithiasis registry 
to collect data on stone composition, resistance, and recurrence; 
(2) collaborate with regional centres to conduct multicentre 
cohort studies; (3) integrate data from neighboring Central 
Asian countries, such as Uzbekistan and Kyrgyzstan for 
comparative analysis. A qualitative analysis of the two Kazakh 
studies revealed that high ciprofloxacin resistance (55%) is 
correlated with irrational antibiotic use, underscoring the need 
for local protocols.

Heterogeneity of results (I² >60%) was driven by 
methodological factors (study design: RCTs vs cohorts), clinical 
factors (metaphylaxis regimens: combination therapy, I²=55%; 
monotherapy, I²=65%; pH correction, I²=70%), and regional 
factors (access to pH monitoring: β=0.23, p<0.001). To reduce 
heterogeneity, subgroup analyses were conducted by stone type 
(struvite: RR 0.45, 95% CI 0.38–0.53; carbonate-apatite: RR 
0.62, 95% CI 0.51–0.75) and region (developed countries: I² = 
45%; developing countries, including Kazakhstan: I² = 68%). 
Additional meta-regression analysis identified that limited 
access to microbiological testing in Kazakhstan (β = 0.15, p = 
0.002) and a smaller sample size (β = 0.12, p = 0.01) contributed 
to higher heterogeneity. The results confirmed the stability of 
the effect of combination therapy (RR 0.48, 95% CI: 0.41–0.56, 
I²=50%) after excluding studies with NOS<7.

The median follow-up period (18 months, IQR 12–24) limits 
the assessment of long-term metaphylaxis effectiveness, as 
late recurrences (>3 years) may remain undetected. Sensitivity 
analysis of 12 studies with follow-up greater than 24 months (n 
= 2,134) showed the stable effectiveness of combination therapy 
(RR 0.50, 95% CI: 0.42–0.58, I² = 48%), but recurrence rates 
increased after 36 months (RR 0.65, 95% CI: 0.55–0.75). To 
address this, cohort studies with more than 5 years of follow-
up and regular pH monitoring (every 6 months) and bacteriuria 
assessment (every 12 months) are recommended.

The low proportion of RCTs (10 studies, 21.3%) reduces the 
level of evidence, as cohort and case-control studies (78.7%) 
are more prone to bias. However, the high quality of cohort 



320

studies (mean NOS score 7.2, with 78.4% rated 7–9) partly 
compensates for this limitation. Subgroup analysis of RCTs 
(n = 1,845) showed the stable effectiveness of combination 
therapy (RR 0.50, 95% CI: 0.44–0.56, I² = 45%), confirming 
the reliability of the results. To strengthen the evidence base, 
new RCTs are recommended, particularly in Kazakhstan, using 
standardised metaphylaxis protocols and pH monitoring.

Clinical implications and recommendations: For global 
practice, standardised protocols, personalised approaches, and 
multidisciplinary teams are required. For Kazakhstan, it is 
necessary to develop national guidelines, improve diagnostics, 
and establish resistance registries.

Table 5 provides practical steps for implementing the findings 
in clinical practice.

Economic aspects: A reduction in recurrences by 17–25% 
significantly decreases costs associated with repeat procedures 
and hospitalisations, as confirmed by economic analysis [17,51]. 
Preliminary data indicate that reducing recurrences by 34–58% 
lowers expenditure on repeat PCNL, with an average cost of 
$5,000–$10,000 per procedure [51]. Combination therapy 
(antibiotics + urease inhibitors, annual cost $500–$1,000) is 
cost-effective compared to the cost of complications (sepsis: 
approximately $15,000; pyonephrosis: approximately $10,000), 
as it reduces recurrence rates and the need for expensive 
interventions [51]. In Kazakhstan, the use of pH test strips ($50 
per year) is economically advantageous compared to laboratory 
methods ($200 per year), which is especially important for 
resource-limited regions [17,51]. A cost-effectiveness analysis 
revealed that combination therapy has a lower total annual cost 
per patient ($2,500/year) compared to monotherapy ($3,000/
year), primarily due to reduced recurrences (RR 0.48 vs 0.60) 
[51]. Table 6 summarises the costs of metaphylaxis in Kazakhstan 
and globally. For more precise analysis, collaboration with 
health economists is recommended to evaluate direct and 
indirect costs in regional settings [17,51].

Future research: To address the limitations of this review, 
including high heterogeneity (I² > 60%), a short follow-up 

duration (median 18 months), and limited representation of 
data from Kazakhstan (2 studies, n = 412), targeted studies 
are needed. Firstly, it is recommended to conduct multicentre 
RCTs (n ≥ 500) in Central Asia, particularly in Kazakhstan, to 
assess the effectiveness of combination therapy (antibiotics + 
urease inhibitors) compared with monotherapy, with a follow-
up period of more than 5 years. This will enable evaluation of 
the long-term effectiveness of metaphylaxis and the frequency 
of late recurrences. Secondly, a regional urolithiasis registry 
in Kazakhstan should be established to collect data on stone 
composition, resistance profiles, and recurrences, thereby 
improving the accuracy of regional conclusions. Thirdly, 
evaluation of the cost-effectiveness of preventive measures 
(considering the costs of medication, diagnostics and 
hospitalisation) may justify the use of accessible tools such as 
pH test strips (costing approximately $50 per year). Fourthly, 
studies of the molecular mechanisms of antibiotic resistance 
(particularly ESBL-producing strains) and biofilm formation 
by urease-producing bacteria (Proteus mirabilis, Escherichia 
coli) will help to develop new therapeutic approaches, which 
is especially important for regions with high resistance levels, 
such as Kazakhstan [52,53]. Lastly, global metaphylaxis 
strategies adapted to regional resistance profiles, such as the 
high ciprofloxacin resistance in Kazakhstan (55%), require 
testing in international studies to ensure the universality of 
approaches [54].

Impact on health policy: The findings support the justification 
of funding metapylaxis measures and the development of 
regulatory guidelines.
Conclusions.

This systematic review, based on an analysis of 47 studies with 
a total sample of 8,342 patients, is the most comprehensive study 
to date of the effectiveness of metaphylaxis for infected kidney 
stones. The results confirm the substantial clinical impact of 
metaphylaxis in reducing recurrences, making it a key element 
of contemporary urological practice. The study highlights the 
necessity of an individualised approach to treatment, depending 
on regional characteristics.
Summary of key findings:

1.	 Effectiveness of metaphylaxis: Comprehensive 
metaphylaxis adapted to local sensitivity profiles significantly 
reduces the risk of recurrences by 17–25%, which also 
contributes to cost savings on repeat interventions and 

Result Number 
of studies Design Quality Justification

Effectiveness of 
metaphylaxis 47

RCTs + 
observational 
studies

⊕⊕⊕⊝ Intervention 
heterogeneity

Stone 
composition 35 Observational 

studies ⊕⊕⊕⊝ Consistent 
results

Antibiotic 
resistance 42 Observational 

studies ⊕⊕⊕⊝ Large 
sample sizes

Complications 
after PCNL 41 Observational 

studies ⊕⊕⊕⊝ Standardised 
criteria

Table 4. Quality of evidence assessment (GRADE) for key outcomes.

Direction Recommendation
Global practice Standardisation of protocols
Kazakhstan National guidelines
Diagnostics pH monitoring and testing

Education Training programmes for medical 
personnel

Table 5. Recommendations for practice.

Strategy Kazakhstan 
($/year)

Global ($/
year) Notes

Combination 
therapy 500–1000 800–1500 Antibiotics + urease 

inhibitors
Antibiotic 
monotherapy 600–1200 1000–2000 Depends on the 

antibiotic choice

pH correction 50–200 100–400 Test strips vs 
laboratory methods

Complications 
(sepsis)

10,000–
15,000

15,000–
20,000

Includes 
hospitalisation and 
treatment

Table 6. Comparison of metaphylaxis costs (Kazakhstan vs global 
data).
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hospitalisations [42,51]. In Kazakhstan, regional protocols are 
needed that consider high antibiotic resistance (e.g., 55% to 
ciprofloxacin) and limited diagnostic resources, with adaptation 
of global strategies to local conditions [42,54].

2.	 Microbiological profile: Struvite stones predominate 
in 67.3% of cases (95% CI: 64.1–70.5%), associated with 
Proteus mirabilis (38.4%) and Escherichia coli (29.6%).

3.	 Antibiotic resistance: The mean resistance level is 
43.2% (95% CI: 40.1–46.3%), with peak values for ampicillin 
(71%) and ciprofloxacin (48%).

4.	 Safety of PCNL: The rate of infectious complications 
after PCNL reaches 19%, including sepsis (3.4%) and 
pyonephrosis (7.8%), indicating the need for thorough 
preoperative preparation and prevention [13,47].

5.	 Regional characteristics: The analysis revealed 
significant differences for Kazakhstan, with metaphylaxis 
effectiveness being lower (40% vs. 52%), ciprofloxacin 
resistance higher (55% vs. 48%), and a complication rate of 
28% (vs. 19%). These discrepancies are due to limited access 
to pH monitoring, the absence of standardised protocols, and 
insufficient control of resistance, requiring local solutions.
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