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Abstract
Purpose To investigate the influencing factors of acute kidney injury (AKI) following retrograde intrarenal surgery (RIRS).
Methods The data of patients who underwent RIRS for kidney stones between January 2018 and June 2022 at two tertiary 
centers were retrospectively analyzed. Demographic data of patients were obtained. According to kidney disease: Improving 
Global Outcomes (KDIGO) criteria, those with and without AKI were divided into two groups. Preoperative, intraoperative, 
and postoperative predictive factors of patients were investigated between the groups. In addition, the influencing factors of 
AKI were examined by multivariate analysis.
Results This study included 295 (35.7%) women and 532 (64.3%) men. The mean age was 50.03 ± 15.4 years (range 18–89), 
and mean stone size was 15.5 ± 6.1 mm (range 6–47). Overall, 672 of patients (81.3%) were stone-free after the initial treat-
ment. According to KDIGO, 110 of patients (13.3%) had AKI during the postoperative period. Univariate analysis showed 
that stone size (P = .003), previous stone surgery (P = .010), renal malformations (P = .017), high operative time (P =  < .001), 
high preoperative creatinine value (P = .036), intraoperative complications (P = .018), and postoperative urinary tract infec-
tion (P = .003) had significant influence on the AKI after RIRS. Multivariate analysis excluded previous stone surgery, high 
preoperative creatinine value, renal malformations, and intraoperative complications from the logistic regression model, 
whereas other factors maintained their statistically significant effect on AKI, indicating that they were independent predictors.
Conclusions Stone size, operative time, postoperative urinary tract infection, and diabetes mellitus are significant predic-
tors of AKI. During RIRS, urologists should consider the factors that increase the risk of AKI and evaluate the treatment 
outcomes based on these factors.
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Introduction

Socioeconomic status, environmental factors, genetic pre-
disposition, and certain metabolic disorders are risk factors 
for kidney stones [1]. Although the risk for stone recur-
rence varies, it has been estimated as 50% between the 5 and 
10 years [2]. Emerging evidence demonstrates that nephro-
lithiasis may increase the risk of chronic kidney disease [3].

Kidney stones can be treated with several modalities, 
including shock wave lithotripsy, retrograde intrarenal sur-
gery (RIRS), and percutaneous nephrolithotomy (PNL). The 
choice of treatment depends on several factors, such as stone 
size, symptom severity, obstruction degree, kidney function, 
stone location, and urinary tract infection (UTI) status [4].

Among treatment options, RIRS has contributed greatly 
to active stone removal and is preferred worldwide by 
numerous urologist [4]. The incidence of RIRS-related 
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complications ranges between 9 and 25%, and the majority 
of these complications are minor complications not requiring 
intervention, such as fever, infection, hematuria, and postop-
erative pain [5–7]. The rate of complications will increase 
gradually, especially if the improved effectiveness of RIRS 
over time is considered. Interestingly, the incidence of com-
plications related to PNL, a more invasive procedure, varies 
between 3 and 34%. The rate of RIRS-related complications 
may be attributed to the gradual increase in the utilization 
of RIRS [8].

Relevant literature studies on RIRS focus on varying 
factors, including infection, urosepsis, and stone-free rates. 
Moreover, comparisons have involved patient-related fac-
tors (e.g., age, sex, and systemic diseases), stone-related 
factors (e.g., stone location and size), and intraoperative 
factors (e.g., operative time and intraoperative complica-
tions) [5, 9–11]. Increased intrarenal pressure (IRP) during 
RIRS plays an important role in forniceal rupture and renal 
parenchymal damage due to congestion; it induces patho-
physiological processes in the upper urinary tract, including 
intrarenal or pyelovenous backflow and ureteral contractions 
[12, 13]. However, to our best knowledge, no detailed stud-
ies have evaluated the effect of RIRS on kidney function. 
In the present study, the primary aim was to investigate the 
impact of RIRS on kidney function along with relevant fac-
tors. The KDIGO criteria, which can be practically and eas-
ily utilized, were used to evaluate acute kidney injury (AKI) 
(stage 1: 1.5–1.9 times higher than the baseline, an increase 
of 0.3 mg/dL (26.5 mmol/L), or ˂ 0.5 mL/kg/h for 6–12 h) 
[14]. Meanwhile, the secondary aim of the present study was 
to compare the preoperative, intraoperative, and postopera-
tive influencing factors in patients with and without AKI 
according to the KDIGO criteria.

Material and methods

In this study, the data of 827 patients who underwent RIRS 
for kidney stones (295 women and 532 men with a mean age 
of 50.03 ± 15.4 years [range, 18–89 years]) were retrospec-
tively analyzed. The single inclusion criterion was RIRS for 
kidney stones, while the exclusion criteria were age under 
18 years, end-stage kidney disease, and additional surgical 
interventions during RIRS.

All procedures were performed using either a 7.5 Fr 
(Flex-X®, Karl Storz, Tuttlingen, Germany) or an 8.4 Fr 
(Olympus America Inc., Center Valley, PA, USA) flex-
ible ureteroscope, a 9.5 Fr single-use flexible ureteroscope 
(Uscope  3022®, Zhuhai Pusen Medical Technology Co., 
Ltd., Zhuhai, China), or a 9.3 Fr Innovex single-use flexible 
ureteroscope (Anqing Medical, Shanghai, China).

During RIRS, the patients were placed in the lithotomy 
position and underwent active dilatation using an 8-French 

(Fr) semi-rigid ureteroscope (Karl Storz, Tuttlingen, Ger-
many). After placement of the safety guidewire, the usage 
of UAS was decided according to the surgeon's preference or 
the thickness of the scope. If the UAS was placed, a 9.5–11 
Fr or 10–12 Fr or 12–14 Fr (35 cm) access sheath (Cook 
Medical, Bloomington, IN, USA) was used in appropriate 
cases. Under scopic guidance, the stones were reached and 
fragmented under direct visualization. In cases of ureteral 
pathologies that would hinder the passing of the scope, a JJ 
stent was placed, and the surgery was postponed to 2 weeks 
later.

The stones were fragmented using a holmium: YAG laser 
(Dornier MedTech, Wessling, Germany) until the fragments 
were small enough to pass out spontaneously. A JJ stent 
was placed at the end of the surgery in cases of increased 
stone size, edema, or bleeding. Fragments sized above 4 mm 
were considered as residual stones. The residual stones were 
evaluated by X-ray of the kidney, ureter, and bladder and 
USG at 2–4 weeks later at the outpatient clinic. The modi-
fied Satava and Clavien classification systems were utilized 
for evaluating the intraoperative and postoperative compli-
cations of RIRS. On abdominopelvic CT, we measured for 
single stones as the largest diameter of the stone, and we 
defined the sum of long axes in the case of multiple stones.

Patient demographic and clinical data included age, pres-
ence of systemic diseases or anatomic malformations, stone 
location, stone size, HU, preoperative BUN level, eGFR, 
urine analysis findings, and urine culture values. Preopera-
tive data consisted of the operative time, JJ stent insertion, 
stone removal in one or more sessions, and presence of 
residual stones. Along with the preoperative and intraopera-
tive data, any postoperative complications were also evalu-
ated. The patients were divided into two groups according 
to the presence of AKI postoperatively: Group 1 consisted 
of patients with AKI, while Group 2 consisted of those with-
out AKI. Data were compared between the groups, and the 
influencing factors of AKI were determined according to 
the KDIGO criteria.

Statistical analysis

The Statistical Package for Social Sciences  (SPSS®, IBM 
in Armonk, New York, USA) was used for the analysis of 
the data obtained from Group1 and Group 2. Chi-square 
test and independent T-test were used for comparison of the 
groups subsequent to the assessment of the data whether it 
is fit for normal distribution. Logistic regression analysis 
was performed to evaluate the factors affecting AKI. Data, 
which considered as statistically significant in the univari-
ate analysis and considered to be clinically effective were 
included to multivariate analysis. 95% CI and P < 0.05 were 
the thresholds for statistical significance.
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Results

This study included 827 patients who underwent RIRS 
for kidney stones. Of them, 295 (35.7%) were women, 
and 532 (64.3%) were men. The mean patient age was 
50.03 ± 15.4 years (range 18–89 years). The mean stone size 
was 15.5 ± 6.1 mm (range 6–47 mm), and approximately 
44.3% of the stones were lower calyx stones. The mean 
operative time was 51.6 ± 12.4 min (range 30–105 min). 
The mean preoperative and postoperative creatinine levels 
were 0.88 ± 0.26 and 0.94 ± 0.37, respectively. The SFR was 
81.3% (Table 1). Approximately 13.1% and 16.6% developed 
intraoperative and postoperative complications, respectively 
(Supplementary Table). According to the KDIGO criteria, 
110 (13.3%) patients had AKI postoperatively.

Preoperative factors

The mean age and sex in Groups 1 and 2 were similar (age: 
t-test, P = 0.74; sex: Chi-square test, P = 0.638). The mean 
stone size was larger in Group 1 (17.4 ± 6.1 mm) than in 
Group 2 (15.3 ± 6.1 mm) (t-test, P = 0.003). Conversely, the 
number of stones (single or multiple) was similar between 
the groups (Chi-square test, P = 0.639).

Forty (36.4%) patients in Group 1 and 130 (18.1%) 
patients in Group 2 had diabetes mellitus (Chi-square test, 
P < 0.001). Meanwhile, the number of patients with hyper-
tension and chronic kidney disease was similar between 
the groups (Chi-square test, P = 0.349 and P = 0.184, 
respectively.

The proportion of patients previously treated for stones 
was higher in Group 1 (52.7%) than in Group 2 (38.8%) 
(Chi-square test, P = 0.011). Similarly, the proportion of 
patients with renal anomalies was higher in Group 1 (12.7%) 
than in Group 2 (5.6%) (Chi-square test, P = 0.020).

The rate of the presence of a JJ stent preoperatively 
was similar between the groups (30 patients in Group 1 
and 199 patients in Group 2; P = 1.000). Preoperative 
UTI was present in 144 (20.1%) patients in Group 1 and 
35 (31.8%) patients in Group 2. The rate of preoperative 
UTI was higher in Group 1 than in Group 2 (Chi-square 
test, P = 0.013). The mean preoperative creatinine lev-
els in Groups 1 and 2 were 0.98 ± 0.4 and 0.86 ± 0.2, 
respectively, indicating a higher level in Group 1 (t-test, 
P = 0.007).

Intraoperative factors

The mean operative time was 75.3 ± 16.4 min in Group 1 
and 55.2 ± 13.9 min in Group 2, indicating a longer opera-
tive time in Group 1 (t-test, P < 0.001).

The rate of access sheath usage was similar between 
the groups (Chi-square test, P = 0.087). In addition, the 
rates of disposable or reusable flexible ureterorenoscope 
use and postoperative stenting did not differ between them 
(P = 0.452 and P = 0.147, respectively) (Table 1).

Postoperative factors

The SFR was 80% (n = 88) in Group 1 and 81.5% (n = 584) 
in Group 2, indicating a similar rate between them (Chi-
square test, P = 0.607). However, the hospitalization time 
was longer in Group 1 than in Group 2 (Mann–Whitney 
U test, P < 0.001).

Postoperative complications occurred in 34 (34.4%) 
patients in Group 1 and in 103 (14.4%) patients in Group 
2. The postoperative complication rate was higher in 
Group 1 than in the Group 2 (Chi-square test, P < 0.001) 
(Table 1).

Influencing factors of AKI

Herein, the influencing factors of AKI were evaluated. In the 
univariate analysis, eight factors were significantly associ-
ated with an increased rate of AKI according to the KDIGO 
criteria (Table 2). However, in the multivariate analysis, 
diabetes mellitus (odds ratio = 3.8, P = 0.008), postopera-
tive UTI (odds ratio = 5.5, P = 0.018), long operative time 
(odds ratio = 2.8, P = 0.042), and stone size (odds ratio = 3.1, 
P = 0.02) were associated with an increased rate of AKI 
(Table 2).

Discussion

Awareness of the factors influencing kidney function after 
RIRS is of utmost importance among both clinicians and 
patients. To our best knowledge, the present study is the 
first to evaluate specific influencing factors of kidney func-
tion following RIRS affecting up to 14% of the patients. 
According to the KDIGO criteria, the independent variables 
impacting kidney function were postoperative UTI, stone 
size, operative time, and diabetes mellitus. During treatment 
planning for patients with these factors, utmost care must 
be taken. Recognizing risk factors is important in assist-
ing urologists with preoperative risk stratification to conse-
quently provide individualized treatment recommendations 
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Table 1  Analysis between the 
groups

Variables AKI group Non-AKI group P value

Patients 110 717
Gender 0.638
 Female 42 (38.2) 253 (35.3)
 Male 68 (61.8) 464 (64.7)

Age 52.7 ± 15.1 49.6 ± 15.4 0.740
Additional disease 0.054
 No 52 (47.2) 413 (57.6)
 One 30 (27.3) 127 (17.7)
 > 1 28 (25.5) 177 (24.7)

DM (n) (%) 32 (29.1) 148 (20.6) 0.008
HT(n) (%) 18 (16.4) 130 (18.1) 0.315
Previous stone surgery 0.010
 No 52 (47.3) 439 (61.2)
 Yes 58 (52.7) 278 (38.8)

Urinary system anomaly 0.020
 No 96 (87.3) 677 (94.4)
 Yes 14 (12.7) 40 (5.6)

Hydronephrosis 0.039
 No 54 (49.1) 434 (60.5)
 Yes 56 (50.9) 283 (39.5)

Stone size 0.607
 ≤ 10 mm 29 (26.4) 229 (31.9)
 10–20 mm 57 (51.8) 352 (49.1)
 ≥ 20 mm 24 (21.8) 136 (19.0)

The mean stone size 17.4 ± 6.1 15.3 ± 6.1 0.003
Number of stones 0.639
 Single 68 (61.8) 458 (63.9)
 Multiple 42 (38.2) 259 (36.1)

Lower calyx 1.000
 No 61 (55.5) 400 (55.8)
 Yes 49 (44.5) 317 (44.2)

Preop urinary system infection 0.013
 No 75 (68.2) 573 (79.9)
 Yes 35 (31.8) 144 (20.1)

Preop Cr value 0.98 ± 0.4 0.86 ± 0.2 0.007
Preoperative stenting 30 (27.3) 199 (27.8) 1.000
UAS 0.087
 No 76 (69.1) 548 (76.4)
 Yes 34 (30.9) 169 (23.6)

Intraoperative complications 0.016
 No 87 (79.1) 632 (88.1)
 Yes 23 (20.9) 85 (11.9)

Scope 0.452
 Disposable 62 (56.4) 399 (55.6)
 Reusable 48 (43.6) 318 (44.4)

Postop JJ stenting 0.147
 No 34 (30.9) 168 (23.4)
 Yes 76 (69.1) 549 (76.6)

Operative time 75.3 ± 16.4 55.2 ± 13.9  < 0.001
Postop Cr value 1.59 ± 0.5 0.84 ± 0.3  < 0.001
Postoperative complications  < 0.001
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and inform postoperative surveillance regimens. Moreover, 
early identification and appropriate management of high-
risk patients could reduce postoperative morbidity and limit 
health care utilization. With these last two aspects, the influ-
encing factors of kidney function after RIRS require further 
investigation.

RIRS is an effective and safe method, especially in the 
fragmentation of moderately sized kidney stones, with high 
SFRs. The SFR of this surgery was 81.3% in our study and 
69.7–97% in previous literature [15–17]. Hence, the use of 
RIRS is expanding over time. The effectiveness of RIRS 
has been evaluated and compared with that of other meth-
ods considering various factors, including old age, kidney 
anomaly, lower calyceal stone, and large stone size. Similar 

SFRs have been observed, although the complication rates 
were either similar or at an acceptable level [10, 15–17].

During RIRS, kidney function is affected more than 
expected. The most important problem in RIRS is the 
inability to precisely evaluate increases in the IRP and 
the effect of current infection on the kidneys. In animal 
and human studies, pathological changes begin in the kid-
neys when the IRP exceeds 40 cm H2O [18, 19]. High 
pressures can also induce renal oxidative damage and sec-
ondary loss of kidney function due to insufficient venous 
flow and compression of micro vessels. Renal venous out-
flow obstruction is more detrimental to the kidneys than 
arterial obstruction owing to the presence of ischemia or 
reperfusion injury [20]. Moreover, in the acute phase of 
renal pressure elevation, the renal tubules show marked 

Table 1  (continued) Variables AKI group Non-AKI group P value

 No 76 (69.1) 614 (85.6)
 Yes 34 (30.9) 103 (14.4)

Postop urinary system infection 0.003
 No 102 (92.7) 693 (96.6)
 Yes 8 (7.3) 24 (3.4)

Hospitalization time (day) (median) 1 (1–18) 1 (1–10)  < 0.001
Stone-free 0.607
 No 22 (20.0) 133 (18.5)
 Yes 88 (80.0) 584 (81.5)

AKI Acute kidney injury, UAS ureteral access sheath, Cr creatinine, DM Diabetes Mellitus, HT Hyperten-
sion
* Other diseases (hypothyroidism, malignancies, rheumatoid arthritis, etc.) did not compared due to low 
number of patients

Table 2  The factors of affect the AKI

AKI acute kidney injury, IPA infundibulopelvic angle, Cr creatinine, SFR stone-free rate, DM diabetes mellitus

Univariate analysis Multivariate analysis

Lower bound Upper bound Odds ratio P value Lower bound Upper bound Odds ratio P value

Age 0.999 1.028 1.013 0.074
Gender 0.567 1.419 0.897 0.643
IPA 0.963 1.010 0.986 0.265
Lower pole stone 0.648 1.583 1.013 0.954
SFR 0.711 1.901 1.163 0.548
Disposable or reusable 0.534 1.021 1.034 0.172
The preop Cr value 0.861 1.542 1.112 0.036 0.972 1.344 1.015 0.103
DM 1.630 4.235 2.627  < 0.001 1.828 5.390 3.802 0.008
Previous stone surgery 1.152 2.811 1.799 0.010 0.935 2.434 1.509 0.092
Urinary Anomaly 1.170 4.583 1.815 0.017 0.914 4.442 2.015 0.082
operative time 1.010 1.040 1.025  < 0.001 0.875 4.780 2.820 0.042
Postop infection 1.163 4.072 2.890 0.003 1.912 7.576 5.533 0.018
Intraop Comp 1.124 4.376 1.976 0.018 0.914 3.082 1.678 0.095
Stone size 1.018 1.088 1.052 0.003 1.620 6.772 3.113 0.020
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vacuolization and degeneration along with histological 
signs of metaplasia and pericalyceal vasculitis. These find-
ings can occur even 4–6 weeks after the procedure [19, 
21]. Similarly, in pressure-associated forniceal rupture, 
pyelosinous backflow has been associated with perirenal 
pseudocyst, retroperitoneal edema, fibrolipomatosis, per-
inephritic abscess, and perirenal hemorrhage [19]. In the 
present study, the increases in the intervention time and 
stone size were considered to prolong this period, thus 
markedly affecting kidney function.

There are different opinions regarding the use of UAS, 
and the relationship between ureterorenoscope diameter and 
complications. IRP is reduced by selecting larger UAS and a 
small ureteroscope, thus may reducing infection [22, 23]. On 
the contrary, another prospective study stated that the use of 
UAS in the treatment of large kidney stones was ineffective 
in reducing complications [24]. In the systematic review by 
EAU Section of Urolithiasis, Chugh S et al. stated the use 
of UAS was 25.8% patients and ranged across studies [5]. In 
our study, the use of UAS was 36.9%, and mostly in reusable 
URS. The reason for this was the smaller diameter of UAS. 
Similar to our study, the decrease in the use of UAS in recent 
studies may be due to the avoidance of complications related 
to UAS, surgical experience and the increase in single-use 
URS. In the absence of randomized data, the true impact of 
UAS on surgical outcome remains unclear [25]. In our study, 
there were diameter differences in URS types. In the current 
literature, there was no difference between disposable and 
reusable ureterorenoscopies in terms of SFR, operative time, 
urosepsis, infection, complications, and hospitalization time, 
even in those with diameter differences [26, 27]. The results 
of our study were similar.

Another important factor affecting kidney function is 
infection. IRP elevation and infection affect each other 
and increase the risk of sepsis to approximately 8.1%. An 
increased stone load and associated prolonged operative 
time also increase the risk of bacteremia and sepsis [28]. 
In the meta-analysis by Sun et al. comparing 14 studies, a 
positive preoperative urine culture was the most important 
risk factor, followed by female sex, diabetes mellitus, stent 
placement, and prolonged operative time [9]. Age, cumula-
tive stone diameter, and renal failure were not potential risk 
factors. In the meta-analysis by Chugh et al. [5], the risk of 
urinary infection and sepsis after ureteroscopy was higher 
in patients with a high Charlson comorbidity index, elderly 
patients, female patients, patients with long-term perma-
nent ureteral stents before the procedure, and patients with 
a neurogenic bladder and high body mass index. Ma and 
colleagues performed a similar review where they identified 
female sex, preoperative stent placement, diabetes mellitus, 
positive preoperative urine culture, and longer procedure 
time as the key determinants of the postoperative urosepsis 
risk [29]. In these three studies, the use of rigid and flexible 

ureteroscopes was evaluated simultaneously. However, the 
disease risk is increased with the use of a flexible uretero-
scope per se. If these outcomes are compared with those in 
our study, the risk factors would be similar. While the risk 
increases fivefold in the presence of postoperative UTI, the 
risk is close by fourfold in the presence of diabetes mellitus 
and increases threefold with an increased stone size.

Studies investigating the effect of RIRS on kidney func-
tion are limited, and no reports have evaluated the adverse 
effects after surgery on solitary kidneys. Lai et al.[30] evalu-
ated RIRS in 60 patients with solitary kidneys and observed 
a positive change in the creatinine level after 1 month; they 
also found that only nine patients had grade 1 and 2 compli-
cations. Guisti et al.[31] could not determine a significant 
difference in the serum creatinine levels of their 29 patients 
on the first and third postoperative months despite the pres-
ence of a minor increase. Although the number of patients 
in the above-mentioned studies is small, their findings are 
valuable. In study by Hoarau et al. [32], which was analyzed 
163 patients with renal stones treated by RIRS, renal func-
tion deterioration occurred in 4.9% of the patients and renal 
function improvement occurred in 14.1% of the patients. In 
their study, preoperative chronic kidney disease and multiple 
procedures have affected kidney function at a mean follow-
up of ten months in the univariate analysis; however, they 
did not find a significant factor in the multivariate analysis 
[32]. On the contrary, the effect of PNL on kidney func-
tion has been investigated more widely. PNL yielded small 
parenchymal scars and reduced focal function, especially in 
the entrance area. Approximately 5.6% of patients have been 
reported to have impaired kidney functions [33–35]. Fur-
thermore, kidney function was reported to be more affected 
in the presence of staghorn stone, solitary kidney, hyperten-
sion, urinary diversion, neurogenic bladder, and recurrent 
stone disease [33–35]. Considering previous and the present 
findings, patient-related risk factors are the key determinants 
of kidney function in both PNL and RIRS. History of neph-
rolithiasis is the important predictor for risk of chronic kid-
ney disease [36]. In most of the studies related to the RIRS 
in recent years, the primary outcome is the efficacy of RIRS 
(SFR) and the secondary outcome on safety of RIRS. On 
safety, especially the most common major complications 
(urosepsis, modified Clavien score) were compared. Theo-
retically, it is obvious that RIRS will cause kidney damage 
through its direct mechanical effect and indirect effects (IRP, 
inflammation, pericalyceal vasculitis) on the kidney. How-
ever, the short- and long-term effects of RIRS on renal tissue 
has not been comprehensively studied. Our aim was to pro-
vide information about the results on the short-term effects 
on renal tissue of the RIRS by comparing several factors.

Kidney injury molecule-1 and neutrophil gelatinase-
associated lipocalin are the leading novel biomarkers used 
efficiently in the diagnosis of AKI. The levels of these 
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biomarkers increase especially in the early period of nephro-
toxic and ischemic renal damage [37]. Several publications 
show that their levels increase during ureteroscopy and 
in the early postoperative period [38]. However, the most 
important limitations of these biomarkers are that they are 
not used routinely, do not have a cut-off value, and can differ 
between diagnostic tests. In the present study, the KDIGO 
criteria were preferred, as they are a practical and easily 
applicable parameter compared with serum creatine level 
changes before and after surgery. Our patients had low 
KDIGO stages; however, our data on the effect of RIRS on 
kidney function are valuable.

The limitations of the current study include the inherent 
limitation of a retrospective design, inclusion of heteroge-
neous groups, comparison of multiple factors, short-term 
evaluation of the BUN level, and lack of a long-term evalu-
ation. In addition, other limitation was that we could not 
evaluate or regulate factors such as UAS use, URS diameter, 
laser duration, fragmentation type, laser energy power more 
appropriately and in detail.

Conclusion

Stone size, operative time, postoperative UTI, and diabetes 
mellitus are significant predictors of AKI. During RIRS, 
urologists should consider the factors that increase the risk 
of AKI and evaluate the treatment outcomes based on these 
factors.
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tary material available at https:// doi. org/ 10. 1007/ s00345- 023- 04301-6.
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