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Abstract

We evaluated whether reduced preoperative renal function is associated with Clavien-Dindo grade Il or
higher complications in patients undergoing percutaneous nephrolithotomy (PCNL). Observational,
analytical, retrospective cohort study including 295 patients who underwent PCNL for stone disease
between January 2020 and December 2025 at a Mexican referral center. The exposure was preoperative
renal function (eGFR = 60 vs < 60 mL/min/1.73 m?, the latter defining chronic kidney disease [CKD]); the
primary outcome was Clavien-Dindo = Il complications according to the CROES classification. Bivariate
analysis and binary logistic regression adjusted for ASA class, Guy's Stone Score, and solitary kidney
were performed, with significance set at p <0.05. Mean age was 49.8 + 13.1 years and 59.0% were
women. CKD was present in 21.4% (n = 63). The overall rate of Clavien = Il complications was 14.9%. No
association was found between CKD and Clavien = [l complications in either crude (OR 1.07; 95% ClI
0.48-2.35; p = 0.874) or adjusted analysis (OR 1.03; 95% Cl 0.43-2.45; p = 0.947). CKD patients had a
higher prevalence of solitary kidney (OR 14.2) and more complex stones, with no difference in surgical
success (Zero Fragments 69.8% vs 65.5%; p = 0.519). Reduced renal function was not associated with an
increased risk of Clavien = Il complications after PCNL. The procedure can be performed safely in
patients with CKD when adequate perioperative protocols are applied.

Introduction

Nephrolithiasis is among the most common benign urological conditions worldwide, with a reported
lifetime risk of 5-10% and point prevalences of 10-13% in middle- and high-income countries [1, 2]. In
Mexico, population data from Yucatan describe a prevalence near 5.5%, above the national average,
attributed to water hardness and family history [3]. Chronic kidney disease (CKD) has become a major
public health problem in Mexico, with an estimated prevalence around 9% and type 2 diabetes as the
leading cause [4]. Nephrolithiasis and CKD share cardiometabolic risk factors such as obesity,
hypertension, type 2 diabetes, and metabolic syndrome, and stone disease is independently associated
with components of the metabolic syndrome, particularly abdominal obesity and insulin resistance [5, 6].
Because referral centers concentrate complex stone disease in patients with accumulated metabolic
comorbidity, a substantial proportion of patients presenting for stone surgery already have some degree
of reduced renal function, diagnosed or otherwise, especially when lithiasis is recurrent [7, 8].

Percutaneous nephrolithotomy (PCNL) is the treatment of choice for stones larger than 2 cm, partial or
complete staghorn calculi, and multiple intrarenal stones [9, 10, 11, 12]. Technical refinements such as
miniaturized tracts (mini-, ultramini-, and micro-PCNL) have sought to reduce parenchymal damage,
bleeding, and postoperative pain while maintaining comparable clearance in small and medium stones
[16, 17]. The Clinical Research Office of the Endourological Society (CROES) global study reported stone-
free rates near 76% with a single procedure and an overall complication rate of 15%, with a
predominance of low-grade events [13, 22]. The Clavien-Dindo classification [28], adapted and validated
for PCNL by CROES, has become the standard for reporting morbidity, and even grade I-ll events have
been shown to prolong hospital stay and increase costs [14, 15, 23].
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Reduced renal function is a recognized state of systemic vulnerability associated with anemia, uremic
bleeding diathesis, immune dysfunction, chronic low-grade inflammation, and altered drug
pharmacokinetics, all of which could plausibly increase perioperative morbidity [18, 19, 20]. Several
cohorts suggest that PCNL is feasible and generally safe in patients with CKD, with neutral or favorable
effects on glomerular filtration rate when patient selection and comorbidity control are adequate [13, 21].
However, evidence on the specific association between CKD and postoperative complications remains
heterogeneous. We therefore evaluated whether reduced preoperative renal function is associated with
Clavien-Dindo grade Il or higher complications after PCNL in a Mexican referral center.

Materials and methods

Study design and population. We conducted an observational, analytical, retrospective cohort study in
the Urology Department of the Hospital de Especialidades "Dr. Antonio Fraga Mouret," Centro Médico
Nacional La Raza (IMSS), Mexico City. The cohort was assembled consecutively (census sampling) from
all adult patients who underwent PCNL for stone disease between January 1, 2020 and December 31,
2025.

The primary exposure was preoperative renal function, classified by KDIGO categories as preserved
(eGFR > =60 mL/min/1.73 m?) or reduced (eGFR < 60 mL/min/1.73 m?, defining CKD) [18, 19]. The
primary outcome was the presence of at least one Clavien-Dindo grade > = || complication during
hospitalization, categorized with the CROES system adapted for PCNL [23].

Inclusion required age > = 18 years, a diagnosis of renal lithiasis treated by PCNL, preoperative serum
creatinine obtained 24-48 h before surgery with data sufficient to calculate eGFR, and complete clinical
records to classify postoperative complications. We excluded percutaneous procedures for non-stone
indications, major combined procedures in which complications could not be reasonably attributed to
the percutaneous procedure, and patients with established severe sepsis or septic shock before surgery.
Records with incomplete data for the exposure or primary outcome were removed.

Surgical technique and perioperative management. Procedures followed a standardized institutional
protocol. The percutaneous access tract calibre was recorded for each case, as tract diameter is a
recognized determinant of the extent of parenchymal injury and perioperative bleeding. Antibiotic
prophylaxis was guided by the preoperative urine culture when available, with antimicrobial selection
directed by the isolated organism and its susceptibility; when a urine culture was not available, empirical
prophylaxis with ceftriaxone was administered. Microbiological profiling of urine cultures was not an
objective of this study and was not analyzed as a variable.

Sample size. Assuming complication proportions of 0.12 with preserved function and 0.30 with reduced
function, alpha 0.05 and 80% power, approximately 79 subjects per group (158 total) were required.
Census inclusion yielded 295 patients, exceeding the minimum.
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Statistical analysis. Normality was assessed with the Shapiro-Wilk test. Continuous variables are
reported as mean = SD or median (IQR) as appropriate, and categorical variables as frequencies and
percentages. Surgical success was defined by the Zero Fragments criterion (residual = 0 mm) assessed
on non-contrast CT performed 3-4 months after the procedure. Stone complexity was graded with the
Guy's Stone Score [29] and the S.T.0.N.E. nephrolithometry score [33], and estimated blood loss was
derived with the Nadler and Gross formulas [30, 31]. Bivariate comparisons used Student t or Mann-
Whitney U for continuous variables and chi-square or Fisher exact tests for categorical variables, with
crude odds ratios (OR) and 95% confidence intervals (Cl). The primary analysis was a binary logistic
regression model with Clavien > = |l as the dependent variable and CKD as the main independent
variable, adjusted for confounders identified in bivariate analysis: ASA class, Guy's Stone Score, and
solitary kidney. Ordinal ASA and Guy's Stone Score were dichotomized (ASA Ill vs I-II; Guy III-IV vs I-1l) to
preserve at least 10 events per variable (44 events available for a maximum of 4 covariates). Model
performance was assessed with McFadden and Nagelkerke pseudo-R?, Akaike information criterion, and
area under the ROC curve (AUC). Significance was set at p < 0.05. Analyses used Jamovi 2.6 (R 4.4). The
study was approved by the institutional ethics committee and conducted according to STROBE
recommendations for observational studies (STROBE checklist provided as Supplementary Material).

Results

Cohort characteristics. Among 295 patients, mean age was 49.8 + 13.1 years and 174 (59.0%) were
women. Median body mass index was 28.0 kg/m? (IQR 25.4-31.4). Arterial hypertension was the most
frequent comorbidity (30.2%), followed by hydronephrosis (23.7%), diabetes (18.0%), and solitary kidney
(10.8%). Predominant anesthetic risk was ASA Il (53.6%). Median preoperative serum creatinine was
0.90 mg/dL (IQR 0.76-1.10) and median eGFR 87.0 mL/min/1.73 m?2 (IQR 69.0-100.5). By KDIGO
category, 232 patients (78.6%) had preserved renal function and 63 (21.4%) had CKD. Median stone
burden was 563.2 mm? (IQR 314.0-1022.9); 66.5% of patients were Guy's Stone Score IlI-IV, confirming a
cohort of considerable technical complexity (Table 1).

Stone and surgical characteristics. The supine position was used in 95.6% of cases and a single
percutaneous access in 86.8% (two tracts 12.2%, three tracts 1.0%), most frequently through the lower
calyx (66.8%). Pneumatic lithotripsy was most common (74.6%). The most frequent main-tract calibre
was 26 Fr (50.5%), followed by 24 Fr (18.0%) and 18 Fr (15.3%), reflecting a predominance of standard-
calibre PCNL (full tract calibre data in Supplementary Table S2a). Median operative time was 128 min
(IQR 90-175) and median calculated blood loss (Nadler and Gross formulas) 319 mL (IQR 175-554) [30,
31]; transfusion was required in 15 patients (5.1%). Under the Zero Fragments criterion, 196 patients
(66.4%) achieved surgical success (Table 2).

Postoperative complications. Overall, 225 patients (76.3%) had no complications. The rate of significant
complications (Clavien > = II, the primary outcome) was 14.9% (n = 44). The most frequent grade > = Il
events were blood transfusion (3.7%), fever requiring antibiotics (3.7%), pelvic perforation requiring
double-J stent (1.4%), bleeding requiring angioembolization or nephrectomy (1.4%), and sepsis (1.0%).
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No grade IVb or V events occurred (Table 3). This distribution, dominated by transfusion and infection-
related events, is consistent with the complication pattern reported in large PCNL series and reviews
classified by the modified Clavien system [24, 25, 26].

CKD versus non-CKD comparison. Patients with CKD were older (median 53 vs 49 years; p = 0.046) and
had lower BMI (27.1 vs 28.4 kg/m?; p = 0.002). Solitary kidney was markedly more frequent in the CKD
group (36.5% vs 3.9%; OR 14.2; 95% Cl 6.15-33.0; p < 0.001) and was the strongest association with CKD.
Stone complexity was greater in CKD patients, with higher proportions of Guy's Stone Score IlI-1V (85.7%
vs 61.2%; p = 0.002) and high STONE Score [33] (58.7% vs 34.5%; p = 0.001), and greater stone burden
(779 vs 537 mm?; p = 0.038). No significant differences were observed in surgical variables (laterality,
position, number of tracts, lithotripsy type, diversion, operative or fluoroscopy time, calculated blood
loss; all p > 0.05). The Zero Fragments rate was similar between groups (69.8% CKD vs 65.5% non-CKD;
p =0.519). For the primary outcome, the complication rate was nearly identical: 14.3% in CKD versus
15.1% in non-CKD patients (crude OR 1.07; 95% Cl 0.48-2.35; p = 0.874) (Table 4).

Multivariable analysis. In the crude model, CKD was not associated with Clavien > = [l complications (OR
0.94; 95% Cl1 0.43-2.07; p = 0.874). After adjustment for ASA, Guy's Stone Score, and solitary kidney, the
association remained non-significant (adjusted OR 1.03; 95% Cl 0.43-2.45; p = 0.947). The proximity
between crude and adjusted estimates indicates no substantial confounding. No covariate reached
significance; Guy's Stone Score IlI-IV showed a non-significant trend toward higher risk (OR 1.73; 95% Cl
0.82-3.63; p = 0.150). Model discrimination was marginal (AUC 0.574; Nagelkerke R? 0.019) (Table 5).

Discussion

In this cohort of 295 patients undergoing PCNL, CKD was not associated with Clavien-Dindo > =
complications in either bivariate (crude OR 1.07; p = 0.874) or adjusted analysis (OR 1.03; p = 0.947). Our
interpretation is that the low burden of significant complications, and the preservation of renal
outcomes, reflect the consistent application of standardized pre-, peri-, and intraoperative protocols
rather than the absence of risk in this population. Contrary to our initial hypothesis, reduced renal
function did not translate into measurable excess morbidity.

The overall Clavien > = Il rate (14.9%) is consistent with the literature. The CROES PCNL global study
reported an overall complication rate of 15% in 5,803 patients, with a predominance of low-grade events
(Clavien 0 in 79.5%), closely comparable to the 14.9% significant-complication rate in our cohort despite
our higher proportion of complex stones (Guy llI-IV in 66.5%) [13, 22]. The predominance of low-grade
complications is also concordant with series applying the modified Clavien system to PCNL morbidity
[24, 25]. Published results on the CKD-complication association are heterogeneous: some report that
preoperative renal dysfunction increases complications and renal deterioration, while others, like ours,
show that with adequate patient selection, preoperative optimization, strict infection control, and
minimally invasive technique, PCNL can be performed safely in CKD patients without significant
differences in major complications [21, 22]. The minimal change between crude (0.94) and adjusted
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(1.03) OR indicates that ASA, Guy's Stone Score, and solitary kidney introduced no appreciable
confounding.

There are plausible pathophysiological reasons to expect that reduced renal function might predispose
to low- and intermediate-grade complications, including impaired sodium and water handling, uremic
bleeding diathesis, reduced immunity with chronic inflammation, altered drug metabolism, and frequent
cardio-renal-metabolic multimorbidity, all of which have been associated with greater postoperative
morbidity and mortality in patients with CKD [20, 27]. That our data did not reproduce this expected
gradient supports the view that a standardized perioperative pathway can offset these mechanisms.

Regarding surgical success, contemporary literature has migrated from the traditional stone-free rate,
which accepts residual fragments < = 3—-4 mm [34, 35], toward the stricter Zero Fragments criterion
(residual = 0 mm), because even small fragments can cause symptomatic events, recurrent infection,
obstruction, and new stone growth [32]. Under this standard, our success rate of 66.4% is comparable or
superior to classic stone-free rates in cohorts of similar complexity; in the trial by Ulvik et al., Zero
Fragments rates for renal stones were 33% with Holmium:YAG and 66% with Thulium Fiber Laser [32].

CKD patients showed a distinctive clinical profile: older age, lower BMI, markedly higher prevalence of
solitary kidney (36.5% vs 3.9%), and more complex, voluminous stones, consistent with the
pathophysiology by which metabolic alterations favor larger, recurrent stones [8]. The strong association
with solitary kidney (OR 14.2) likely reflects lower renal reserve and prior contralateral nephrectomy, and
warrants particular clinical attention.

This study has strengths: a robust cohort exceeding the calculated sample size, the PCNL-specific
CROES classification, an adjusted analysis respecting the 10-events-per-variable rule, the stricter Zero
Fragments criterion, and validated categorization protocols (KDIGO, ASA, Guy's and STONE scores).
Limitations include the retrospective single-center design; the limited number of Clavien > = Il events (n =
44), which gives 80% power only for OR > = 2.5, so weaker effects could be undetected, although the
wide CI (0.43-2.45) makes a clinically relevant effect unlikely; the absence of medium- and long-term
renal function follow-up; the marginal model discrimination (AUC 0.574) reflecting unmeasured factors;
and reliance on clinical records for complication grading.

Conclusions

In this cohort of 295 patients undergoing PCNL, reduced renal function was not associated with Clavien-
Dindo >=Il complications in either bivariate or adjusted analysis. In our view, the low rate of significant
complications and the preservation of renal function are explained by the consistent application of
adequate pre-, peri-, and intraoperative protocols rather than by an absence of underlying risk. Although
CKD patients showed a distinctive clinical profile, these characteristics did not translate into significantly
higher postoperative complication rates, and the similar Zero Fragments rate supports that CKD does
not compromise procedural success. Reduced renal function should not be considered a
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contraindication to PCNL. Prospective multicenter studies with larger event numbers and long-term
follow-up are needed to confirm these findings.
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Tables

Table 1 Clinical and demographic characteristics of the cohort (n = 295)

Characteristic Value

Age (years), mean * SD 49.8 +13.1
Female sex, n (%) 174 (59.0)

BMI (kg/m?), median (IQR) 28.0 (25.4-31.4)
Arterial hypertension, n (%) 89 (30.2)
Diabetes mellitus, n (%) 53 (18.0)
Solitary kidney, n (%) 32(10.8)

ASA I, n (%) 158 (53.6)

Serum creatinine (mg/dL), median (IQR) 0.90 (0.76-1.10)
eGFR (mL/min/1.73 m2), median (IQR) 87.0 (69.0-100.5)
Preserved renal function (eGFR 260),n (%) 232 (78.6)

Chronic kidney disease (eGFR <60), n (%) 63 (21.4)

Stone burden (mm?), median (IQR) 563.2 (314.0-1022.9)

Guy's Stone Score llI-1V, n (%) 196 (66.5)

BMI body mass index, ASA American Society of Anesthesiologists, eGFR estimated glomerular filtration
rate, IQR interquartile range, SD standard deviation

Table 3 Postoperative complications according to the CROES Clavien-Dindo system (n = 295)
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Complication n (%)
No complication (grade 0) 225 (76.3)
Grade | 26 (8.8)
Grade Il 27 (9.2)
Grade llla 50.7)
Grade llib 50.7)
Grade IVa 7 (2.4)
Significant complication (Clavien =II) 44 (14.9)
Blood transfusion 11 (3.7)
Fever requiring antibiotics 11 (3.7)
Pelvic perforation with double-J stent 4(1.4)
Bleeding with angioembolization/nephrectomy 4 (1.4)
Sepsis 3(1.0)

CROES Clinical Research Office of the Endourological Society. No grade IVb or V events occurred. The
primary outcome was Clavien =II.

Tables 2 (stone and surgical characteristics), 2a (percutaneous tract calibre), 3 (full list of postoperative
complications), 4 (CKD vs non-CKD comparison), and 5 (logistic regression) are provided as Supplementary
Material (Online Resource 1).
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