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Abstract
Percutaneous nephrolithotomy (PCNL) is the standard treatment for renal stones larger than 2 cm; however, its
application in patients with special anatomical or clinically relevant conditions remains controversial. This study aimed to
evaluate the safety and efficacy of PCNL in patients with special anatomical and clinically relevant conditions compared
with matched controls.

A retrospective single-center study was conducted including patients who underwent PCNL between September 2009
and June 2025. Among 3674 procedures, 341 patients with special anatomical and clinically relevant conditions,
including solitary kidney, horseshoe kidney, duplex collecting system, ectopic kidney, skeletal deformity or previous
ipsilateral open renal stone surgery, were identified as Group 1. Using 1:1 exact and caliper-based matching based on
age, sex and stone surface area (SSA, mm²), 341 patients without these conditions were selected as Group 2.
Demographic, perioperative, and postoperative outcomes were compared between groups. Stone-free status, clinically
insignificant residual fragments (CIRF, ≤ 2 mm) and clinically significant residual fragments (CSRF) were reported
separately.

The mean age of the cohort was 44.0 ± 17.1 years, and 28.2% of patients were female. Stone-free rates were similar
between Group 1 (patients with special anatomical and clinically relevant conditions) and Group 2 (control group) (78.3%
vs 80.6%, respectively). CIRF and CSRF were reported as secondary, imaging-limited estimates; CIRF rates were 10.6% in
Group 1 and 10.0% in Group 2, while CSRF rates were 11.1% and 9.4%, respectively. When SF and CIRF were considered
together as a descriptive secondary measure, the corresponding rates were 88.9% in Group 1 and 90.6% in Group 2.
Perioperative and postoperative transfusion rates, complication rates, nephrostomy tube removal time, and hospital stay
were similar between groups (all p > 0.05). Subgroup analyses demonstrated higher creatinine levels in solitary kidney
patients and prolonged nephrostomy-related recovery parameters in patients with skeletal deformities. Previous open
surgery was associated with larger access sheath size but did not adversely affect stone-free status or complication
rates.

PCNL may be performed with acceptable perioperative safety and efficacy in patients with special anatomical and
clinically relevant conditions when careful preoperative planning and standardized perioperative management are applied
in experienced centers. These conditions alone do not appear to significantly compromise stone-free status or increase
complication rates. However, stone-free outcomes and the CIRF/CSRF distinction should be interpreted with caution
because postoperative imaging was not uniformly CT-based, and small residual fragments may not be clinically
insignificant in all patients.

Introduction
Urinary stone disease is a growing health problem with a reported lifetime prevalence that varies across geographical
regions and patient populations [1, 2]. Although various treatment modalities are available, international guidelines still
recommend percutaneous nephrolithotomy (PCNL) as the first-line treatment for renal stones larger than 2 cm [3]. First
described by Fernström and Johansson in 1976, PCNL has become the standard minimally invasive treatment for large
and complex renal stones [4]. Compared with open surgery, PCNL offers lower morbidity and shorter recovery times and
has largely replaced open procedures for the treatment of large renal stones in many centers due to its high stone-free
rates [5].

Nevertheless, certain anatomical variations and clinically relevant conditions continue to present unique challenges
during the planning and performance of PCNL. Although these conditions do not necessarily alter the technical steps of
the procedure itself, they may influence surgical planning, access strategy, preservation of renal function, and
perioperative risk assessment. Consequently, these patients are frequently regarded as representing special clinical
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scenarios requiring individualized surgical planning. Such conditions include previous ipsilateral open renal stone surgery,
solitary kidney, congenital renal anomalies, including horseshoe kidney, duplex collecting system and ectopic kidney, and
skeletal deformities. In particular, solitary kidney represents not only a functional high-risk condition but also a setting in
which compensatory renal hypertrophy, adaptive hyperfiltration and preservation of the only functioning renal unit may
influence perioperative risk assessment [6]. In such patients, PCNL remains one of the main minimally invasive treatment
options alongside shock wave lithotripsy (SWL) and retrograde intrarenal surgery (RIRS) [7–9]. Previous studies have
reported variable outcomes in these patient populations, particularly in those with a history of open renal surgery or
anomalous kidneys [10, 11]. Additionally, anomalies such as horseshoe kidney have been associated with an increased
risk of adjacent organ injury during PCNL [12].

However, there is still no clear consensus in the literature regarding PCNL outcomes in these special anatomical and
clinically relevant patient populations. Some studies have suggested that such clinical and anatomical characteristics do
not significantly adversely affect stone-free or complication rates following PCNL [13–15]. Nevertheless, in daily clinical
practice, these patients may still be perceived by urologists as high-risk and may require more cautious preoperative
assessment and individualized surgical planning. In addition, the definition of stone-free status and the clinical relevance
of small residual fragments remain important methodological issues when evaluating outcomes after endourological
stone surgery. In the present study, we aimed to evaluate the safety and efficacy of PCNL in patients with special
anatomical and clinically relevant conditions that are commonly perceived as challenging during routine urological
practice. By comparing PCNL outcomes between patients with and without these characteristics using 1:1 exact and
caliper-based matching, we sought to determine whether such conditions adversely affect clinical outcomes or
complication rates when PCNL is performed in experienced centers.

Methods
This retrospective single-center study was conducted at the Department of Urology, Çukurova University Faculty of
Medicine. The records of all patients who underwent percutaneous nephrolithotomy (PCNL) at our institution between
September 2009 and June 2025 were reviewed retrospectively. During this period, a total of 3674 PCNL procedures were
performed. Among these, 362 procedures were identified in patients with special anatomical or clinically relevant
conditions. Twenty-one patients were excluded because of incomplete medical records, missing critical data, or
insufficient follow-up information. The remaining 341 patients were classified as Group 1. Medical records, operative
histories and imaging reports were rechecked to identify possible overlap among the predefined qualifying conditions. No
patient had more than one qualifying condition; therefore, no patient was counted twice and no hierarchical subgroup
assignment was required. If overlapping conditions had been present, patients would have been retained only once in the
overall Group 1 analysis and assigned to a single subgroup according to the condition with the greatest anticipated
impact on PCNL planning and perioperative risk, prioritizing solitary kidney, followed by skeletal deformity, congenital
renal anomaly, and previous ipsilateral open renal stone surgery. These patients had at least one of the following
conditions: duplex collecting system, solitary kidney, horseshoe kidney, history of ipsilateral open renal stone surgery,
significant skeletal deformities affecting renal anatomy or patient positioning, or ectopic kidney. The patient-selection
flow diagram is shown in Fig. 1.

For comparison, patients without these special anatomical or clinically relevant conditions were selected from the
remaining PCNL cohort. Among 3312 procedures without special anatomical or clinically relevant conditions, 184 were
excluded because of incomplete medical records, missing critical data, or insufficient follow-up information. The
remaining 3128 procedures constituted the eligible control pool. From this pool, 341 patients were selected as matched
controls and assigned to Group 2. The final matched cohort therefore included 682 patients.

A 1:1 exact and caliper-based matching procedure was performed using age, sex, and stone surface area (SSA, mm²) as
matching variables. Age and sex were matched exactly, and an a priori caliper of ± 50 mm² was applied for SSA.
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Matching was performed without replacement, and the same control patient was not used more than once. All 341
eligible patients in Group 1 were successfully matched with 341 control patients. This approach was applied to ensure
baseline comparability between the groups and to minimize selection bias. All patients who underwent PCNL for renal
stones within the specified study period were included. Patients with incomplete medical records, missing critical data or
insufficient follow-up information were excluded from the study. Preoperative urine cultures were obtained from all
patients, and urinary tract infections were treated with culture-directed antibiotics before surgery. Antibiotic prophylaxis
was administered according to institutional protocol. Anticoagulant and antiplatelet medications were discontinued 3–7
days before surgery and resumed postoperatively according to individual clinical assessment.

Patient positioning, tract size and surgical approach were individualized according to patient characteristics, renal
anatomy, stone burden, stone location and surgeon preference. Both standard PCNL and mini-PCNL were performed in
selected cases according to clinical judgment. Prone positioning was used whenever appropriate, whereas supine
positioning was selectively preferred based on patient and stone related factors. Percutaneous access was obtained by
the operating endourologist under fluoroscopic and/or ultrasonographic guidance according to renal anatomy, stone
location, and surgeon preference. Tract dilation and access sheath size were selected individually according to the
planned standard or mini-PCNL approach. Single-tract PCNL was preferred whenever feasible, whereas additional tracts
were created when required to achieve adequate access to the stone burden. The choice of lithotripsy modality, including
pneumatic lithotripsy or laser lithotripsy, was determined according to stone characteristics and intraoperative findings.
Postoperative drainage, including nephrostomy tube placement or ureteral stenting, was determined according to
intraoperative findings, bleeding, residual stone suspicion, collecting system integrity, and surgeon judgment. All
procedures were performed by four senior endourologists, each of whom had performed more than 200 PCNL
procedures before the study period, or under their direct supervision.

Ethical approval for the study was obtained from the Çukurova University Non-Interventional Clinical Research Ethics
Committee (approval date: 14/11/2025; decision no: 160). The study was conducted in full compliance with relevant
ethical guidelines and regulations and was designed in accordance with the principles of the Declaration of Helsinki to
protect the health, privacy, and rights of the participants. Due to the retrospective nature of the study, the requirement for
informed consent was waived by the ethics committee. Accordingly, informed consent was not obtained, and no direct or
indirect contact was established with the patients through face-to-face interaction or any communication method.

Comprehensive preoperative, perioperative and postoperative data were collected for each patient from the electronic
database and medical records by research assistants. Although the data had been recorded prospectively, they were
analyzed retrospectively. Demographic variables included age, sex and body mass index (BMI). Stone-related variables
included stone surface area (SSA, mm²) and laterality (right/left). SSA was calculated on preoperative non-contrast
computed tomography images using the longest stone diameter and the maximum perpendicular diameter on the axial
or reconstructed plane providing the largest stone dimensions according to the following formula: SSA (mm²) = length
(mm) × width (mm) × π × 0.25. In patients with multiple renal calculi, total SSA was calculated as the sum of the surface
areas of all stones. Calculated values were rounded to the nearest whole number for presentation. Stone density in
Hounsfield units and stone composition were not available in a complete and standardized manner for the entire cohort
because of the retrospective design and long study period; therefore, these variables were not included in the matching
model.

Preoperative laboratory parameters included white blood cell count (WBC), hematocrit (Hct), platelet count (PLT), blood
urea nitrogen (BUN), creatinine (Cr), sodium (Na), and potassium (K) levels. Operative variables included patient position
(prone/supine), operative time (minutes), fluoroscopy time (minutes), requirement for second or third access,
perioperative blood transfusion and perioperative complications. Postoperative outcomes included postoperative blood
transfusion, fever, postoperative complications, stone-free status, nephrostomy tube removal time (days), duration of
urine leakage after nephrostomy tube removal (days) and length of hospital stay (days). The presence of postoperative
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residual stones was evaluated by intraoperative fluoroscopy, postoperative plain abdominal radiography (KUB), or non-
contrast abdominal computed tomography (CT) according to routine clinical practice. Postoperative residual stone
assessment was performed before discharge and/or at the first postoperative follow-up visit within 4–6 weeks. Residual
fragments measuring ≤ 2 mm were classified as clinically insignificant residual fragments (CIRF), while larger residual
stones were classified as clinically significant residual fragments (CSRF). Stone-free status versus any residual fragment
was considered the primary residual-disease descriptor, whereas the CIRF/CSRF distinction was reported as a secondary,
imaging-limited estimate. Because KUB radiography and fluoroscopy cannot reliably operationalize a ≤ 2 mm threshold,
the CIRF-versus-CSRF boundary carries the same imaging-related uncertainty as the stone-free assessment. Because
postoperative CT was not routinely performed in all patients during the entire study period, the imaging modality
distribution could not be reliably reconstructed for all cases, and a CT-only sensitivity analysis could not be performed.

Statistical Analysis
To reduce potential confounding, patients with and without special anatomical or clinically relevant conditions were
matched on age, sex, and stone surface area (SSA, mm²). A 1:1 exact and caliper-based matching procedure was used.
Age and sex were matched exactly, and an a priori caliper of ± 50 mm² was applied for SSA. Matching was performed
without replacement. Age and sex were matched exactly, and an a priori caliper of ± 50 mm² was applied for SSA. Post-
matching balance was assessed using standardized mean differences (SMDs), with an absolute SMD < 0.10 considered
indicative of adequate balance between groups. Baseline characteristics used for matching are presented descriptively,
and no statistical comparisons were performed for these variables.

Treatment period was categorized into three eras: 2009–2014, 2015–2019, and 2020–2025. The distribution of
procedures across treatment eras was compared between the two groups using the chi-square test to evaluate potential
temporal imbalance.

Categorical variables are presented as frequencies and percentages, while continuous variables are reported as
mean±standard deviation or median and interquartile range (IQR). Group comparisons for categorical variables were
performed using the chi-square test. The distribution of continuous variables was assessed for normality using the
Kolmogorov–Smirnov test. As normality assumptions were not met, non-parametric analyses were conducted.
Comparisons of continuous variables between two independent groups (patients with/without a specific clinical
condition) were performed using the Mann–Whitney U test. When comparisons involved more than two groups,
differences among groups were assessed using the Kruskal–Wallis test. Subgroup analyses were exploratory and were
not based on subgroup-specific matching. Patients with duplex collecting system and ectopic kidney were included in the
overall Group 1 analysis but were not evaluated as separate subgroups because of their small sample sizes.
Comparisons were performed between patients without special anatomical or clinically relevant conditions and the larger
clinical subgroups, including previous open surgery, horseshoe kidney, skeletal deformity, and solitary kidney.

Following a significant result, post-hoc comparisons were performed using Dunn’s test. Given the a priori clinical interest
in comparisons with the control group, only comparisons between patients without special anatomical or clinically
relevant conditions and each subgroup were evaluated. Bonferroni adjustment was therefore applied based on four
planned comparisons, rather than all possible pairwise contrasts. Statistical analyses were conducted using IBM SPSS
Statistics version 20.0 (IBM Corp., Armonk, NY, USA). A two-sided p value < 0.05 was considered statistically significant.

Results
Among the patients included in the analysis, the mean age was 44.0 ± 17.1 years, and 192 patients (28.2%) were female.
Based on predefined clinical criteria, patients were categorized into two groups: those with special anatomical and
clinically relevant conditions and those without. Among patients with special anatomical and clinically relevant
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conditions, previous open renal stone surgery was present in 115 patients (33.7%), horseshoe kidney in 53 (15.5%),
duplex collecting system in 11 (3.2%), ectopic kidney in 3 (0.9%), skeletal deformity in 23 (6.7%), and solitary kidney in
136 patients (39.9%). Patients with duplex collecting system and ectopic kidney were included in the overall Group 1
analysis but were not evaluated as separate subgroups in Table 3 because of their small sample sizes. No patient had
more than one qualifying condition.

After matching, the two groups were well balanced with respect to the matching variables. The absolute standardized
mean differences were 0.000 for age, 0.000 for sex, and 0.008 for stone surface area, indicating adequate post-matching
balance (Table 1).

Table 1
Post-matching balance diagnostics for matching variables

Variable Group 1 Group 2 Absolute SMD

Age, mean ± SD 44.04 ± 17.12 44.04 ± 17.12 0.000

Female sex, n (%) 96 (28.2) 96 (28.2) 0.000

Stone surface area, mean ± SD 364.47 ± 273.60 366.51 ± 261.06 0.008

SMD: standardized mean difference; SSA: stone surface area. An absolute SMD < 0.10 was considered indicative of
adequate balance between groups.

The distribution of procedures across treatment eras was evaluated to assess potential temporal imbalance between the
groups. In Group 1, 128 patients (37.5%) underwent PCNL between 2009 and 2014, 129 patients (37.8%) between 2015
and 2019, and 84 patients (24.6%) between 2020 and 2025. In Group 2, the corresponding numbers were 114 (33.4%),
117 (34.3%), and 110 (32.3%), respectively. There was no statistically significant difference between the groups regarding
treatment-era distribution (p = 0.087).

The comparative results of demographic, laboratory, operative, and postoperative characteristics between the two groups
are presented in Table 2. Preoperative laboratory characteristics were similar between the two groups, with no
statistically significant differences observed (all p > 0.05) except for CRE, which was significantly higher in Group 1 (p = 
0.007). Although the median operative time was higher in Group 1 than in Group 2, the difference between the two groups
was not statistically significant (p = 0.338). Perioperative and postoperative characteristics showed similar distributions
between the two groups (all p > 0.05).

Stone-free status versus any residual fragment was considered the primary residual-disease descriptor, while CIRF and
CSRF were reported as secondary, imaging-limited estimates. The stone-free rate was 78.3% in Group 1 and 80.6% in
Group 2, corresponding to a risk difference of − 2.3 percentage points (95% CI: −8.4 to 3.7) and a risk ratio of 0.97 (95%
CI: 0.90 to 1.05). Postoperative complication rates were 10.3% and 8.2%, respectively, corresponding to a risk difference
of 2.1 percentage points (95% CI: −2.3 to 6.4) and a risk ratio of 1.25 (95% CI: 0.78 to 2.01). These estimates were
provided as effect-size measures and should not be interpreted as evidence of formal equivalence, as no prespecified
non-inferiority or equivalence margin was defined.
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Table 2
Baseline demographic, laboratory, perioperative, and postoperative characteristics of Group 1 and Group 2

Age(year) Group 1: Patients with special
anatomical and clinically relevant
conditions

(n = 341)

Group 2: Patients without special
anatomical and clinically relevant
conditions

(n = 341)

p

47.0(32.0–57.0) 47.0(32.0–57.0) -

Gender(female), n(%) 96(28.2) 96(28.2) -

BMI 26.4(23.3–29.4) 26.5(23.4–29.4) 0.855

Stone surface area (SSA, mm²) 300.0(180.0-500.0) 300.0(200.0-500.0) -

Side(Right), n(%) 169(49.6) 158(46.3) 0.399

Position(Prone), n(%) 329(96.5) 332(97.4) 0.658

Preoperative laboratory characteristics

WBC 8000.0(6800.0-9450.0) 8000.0(6850.0-9600.0) 0.555

HTC 42.0(38.4–45.0) 42.0(38.1–45.0) 0.986

PLT 250.0(210.0-300.0) 267.0(220.0-320.0) 0.052

BUN 14.0(12.0–18.0) 14.0(11.9–18.0) 0.595

CRE 0.9(0.7–1.1) 0.8(0.7-1.0) 0.007

NA 140.0(138.0-141.0) 139.0(138.0-141.0) 0.742

K 4.4(4.1–4.6) 4.3(4.1–4.7) 0.600

Operation characteristics

Operative time(min) 70.0(50.0-100.0) 65.0(50.0-100.0) 0.338

Fluoroscopy time(min) 9.0(5.0–14.0) 9.0(5.0–14.0) 0.905

Access sheath size (Fr) 24.0(24.0–26.0) 24.0(24.0–26.0) 0.118

2nd procedure, n (%) 67(19.6) 67(19.6) > 
0.999

Access sheath size (Fr) 24.0(24.0–26.0) 24.0(24.0–26.0) 0.310

3rd procedure, n (%) 4(6.0) 8(11.9) 0.364

Access sheath size (Fr) 28.0(24.5–30.0) 25.0(24.0–26.0) 0.214

Perioperative blood transfusion,
n(%)

14(4.1) 15(4.4) > 
0.999

Perioperative complication, n(%) 7(2.1) 15(4.4) 0.129

Postoperative blood
transfusion, n(%)

15(4.4) 10(2.9) 0.415

Postoperative complication,
n(%)

35(10.3) 28(8.2) 0.355

Postoperative fever, n(%) 26(7.6) 16(4.7) 0.154
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Age(year) Group 1: Patients with special
anatomical and clinically relevant
conditions

(n = 341)

Group 2: Patients without special
anatomical and clinically relevant
conditions

(n = 341)

p

47.0(32.0–57.0) 47.0(32.0–57.0) -

Residual stone, n(%)

SF

CIRF

CSRF

267(78.3)

36(10.6)

38(11.1)

275(80.6)

34(10.0)

32(9.4)

0.708

Time to nephrostomy tube
removal (days)

2.0(1.0–2.0) 2.0(1.0–2.0) 0.341

Duration of urine leakage after
nephrostomy tube removal
(days)

3.0(2.0–4.0) 3.0(2.0–4.0) 0.616

Time to complete continence
after nephrostomy tube removal
(days)

1.0(1.0–1.0) 1.0(1.0–1.0) 0.721

Length of hospital stay (days) 3.0(2.0–4.0) 3.0(2.0–4.0) 0.716

Unless otherwise specified, data are expressed as median (IQR) or n (%).

No p-values are shown for matched variables.

SSA: stone surface area; SF: stone-free; CIRF: clinically insignificant residual fragments; CSRF: clinically significant
residual fragments.

The CIRF/CSRF distinction was reported as a secondary, imaging-limited estimate because postoperative imaging
was not uniformly CT-based.

Subgroup analyses were exploratory and were not based on subgroup-specific matching; therefore, these findings should
be interpreted with caution because subgroup-level differences in age, BMI, and stone surface area may have influenced
the observed results. Creatinine levels were significantly higher in the solitary kidney group compared with the control
group (1.0 [0.9–1.4] vs 0.8 [0.7–1.0], p < 0.001), whereas they were significantly lower in the skeletal deformity group (0.5
[0.3–0.7] vs 0.8 [0.7–1.0], p < 0.001). The lower creatinine level observed in the skeletal deformity group should be
interpreted cautiously, as this subgroup was younger and had a lower BMI, suggesting that age and muscle mass may
have contributed to this difference rather than reflecting superior renal function. Access sheath size was significantly
larger in patients with a history of open surgery compared with the control group (26.0 [24.0–30.0] vs 24.0 [24.0–26.0], p 
< 0.001), while no significant differences were observed among the other groups. Time to nephrostomy tube removal was
longer in the skeletal deformity group compared with the control group (2.0 [2.0–3.0] vs 2.0 [1.0–2.0], p < 0.001), and a
significant difference was also observed in patients with a history of open surgery (1.0 [1.0–2.0] vs 2.0 [1.0–2.0], p < 
0.001). Similarly, the duration of urine leakage after nephrostomy tube removal was longer in the skeletal deformity group
(4.0 [3.0–4.0] vs 3.0 [2.0–4.0], p = 0.006). Length of hospital stay was also significantly longer in the skeletal deformity
group compared with the control group (5.0 [3.0–6.0] vs 3.0 [2.0–4.0], p < 0.001). Because these subgroup comparisons
were exploratory and unmatched, differences in nephrostomy-related recovery parameters and length of hospital stay
should be interpreted as hypothesis-generating rather than definitive subgroup effects. No significant differences were
observed among the groups with respect to other perioperative and postoperative parameters (Table 3).
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Table 3. Demographic, laboratory, perioperative, and postoperative outcomes according to specific clinical
subgroups

 

  Patients
without
special
anatomical
and clinically
relevant
conditions (n 
= 341)

Open
surgery (n = 
115)

Horseshoe
kidney

(n = 53)

Skeletal
deformity (n = 
23)

Solitary
kidney (n = 
136)

p

Age(year) 47.0(32.0–
57.0)c

49.0(33.0–
57.0)

46.0(29.5–
58.0)

21.0(8.0–47.0) 48.0(35.0–
59.0)

< 
0.001

Gender(female),
n(%)

96(28.2) 42(36.5) 8(15.1) 6(26.1) 35(25.7) 0.063

BMI 26.5(23.4–
29.4)c

27.3(24.9–
31.1)

25.4(22.9–
28.3)

20.8(16.5–
27.5)

26.3(23.4–
29.4)

< 
0.001

Stone surface
area (SSA,
mm²)

300.0(200.0-
500.0)a

400.0(200.0-
600.0)

280.0(175.0-
400.0)

200.0(180.0-
500.0)

250.0(150.0-
400.0)

< 
0.001

Side(Right),
n(%)

158(46.3) 51(44.3) 29(54.7) 13(56.5) 68(50.0) 0.588

Position(Prone),
n(%)

332(97.4) 114(99.1) 53(100.0) 23(100.0) 126(92.6) 0.010

Preoperative laboratory characteristics  

WBC 8000.0(6850.0-
9600.0)

7900(6800.0-
9100.0)

8000.0(6000.0-
9800.0)

8800.0(6600.0-
9600.0)

8500.0(7000.0-
10000.0)

0.169

HTC 42.0(38.1–
45.0)

42.0(39.0–
45.0)

42.4(39.0–
45.0)

40.0(36.0-
42.6)

41.1(38.0–
44.0)

0.108

PLT 267.0(220.0-
320.0)

248.0(208.0-
295.0)

250.0(204.5-
317.5)

278.0(245.0-
389.0)

258.5(210.0-
300.0)

0.065

BUN 14.0(11.9–
18.0) c,d

13.0(11.0–
17.0)

13.0(10.9–
16.8)

11.0(8.0-14.6) 16.0(13.7–
20.7)

< 
0.001

CRE 0.8(0.7-1.0) c,d 0.8(0.7-1.0) 0.8(0.7-1.0) 0.5(0.3–0.7) 1.0(0.9–1.4) < 
0.001

NA 139.0(138.0-
141.0) a

140.0(138.0-
142.0)

139.0(137.0-
141.0)

139.0(138.0-
140.0)

139.0(137.0-
141.0)

0.009

K 4.3(4.1–4.7) 4.4(4.1–4.6) 4.3(4.0-4.6) 4.3(4.1–4.5) 4.4(4.1–4.6) 0.586

Operation characteristics  

Operative
time(min)

65.0(50.0-
100.0)

60.0(45.0–
90.0)

80.0(60.0-
115.0)

90.0(60.0-
105.0)

80.0(60.0-
113.8)

0.003‡

Fluoroscopy
time(min)

9.0(5.0–14.0) 9.0(5.0–
12.0)

10.0(7.0–15.0) 8.0(5.0–14.0) 8.0(5.0–15.0) 0.744

Access sheath
size (Fr)

24.0(24.0–
26.0) a,c

26.0(24.0–
30.0)

24.0(24.0–
26.0)

24.0(20.0–
24.0)

24.0(24.0–
26.0)

< 
0.001

2nd procedure,
n (%)

67(19.6) 30(26.1) 7(13.2) 3(13.0) 25(18.4) 0.271
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Table 3. Demographic, laboratory, perioperative, and postoperative outcomes according to specific clinical
subgroups

 

  Patients
without
special
anatomical
and clinically
relevant
conditions (n 
= 341)

Open
surgery (n = 
115)

Horseshoe
kidney

(n = 53)

Skeletal
deformity (n = 
23)

Solitary
kidney (n = 
136)

p

3rd procedure,
n (%)

8(11.9) 4(13.3) 0(0.0) 0(0.0) 0(0.0) 0.338

Perioperative
blood
transfusion,
n(%)

15(4.4) 9(7.8) 0(0.0) 1(4.3) 4(2.9) 0.170

Perioperative
complication,
n(%)

15(4.4) 2(1.7) 0(0.0) 1(4.3) 3(2.2) 0.330

Postoperative
blood
transfusion,
n(%)

10(2.9) 5(4.3) 0(0.0) 1(4.3) 9(6.6) 0.173

Postoperative
complication,
n(%)

28(8.2) 20(8.7) 2(3.8) 3(13.0) 19(14.0) 0.165

Postoperative
fever, n(%)

16(4.7) 17(14.8) 1(1.9) 1(4.3) 7(5.1) 0.006

Residual stone,
n(%)

SF

CIRF

CSRF

275(80.6)

34(10.0)

32(9.4)

97(84.3)

10(8.7)

8(7.0)

37(69.8)

8(15.1)

8(15.1)

20(87.0)

1(4.3)

2(8.7)

100(73.5)

17(12.5)

19(14.0)

0.325

Time to
nephrostomy
tube removal
(days)

2.0(1.0–2.0) a,c 1.0(1.0–2.0) 2.0(2.0-2.8) 2.0(2.0–3.0) 2.0(1.0–3.0) < 
0.001

Duration of
urine leakage
after
nephrostomy
tube removal
(days)

3.0(2.0–4.0) c 3.0(2.0–3.0) 3.0(3.0–4.0) 4.0(3.0–4.0) 3.0(2.0–4.0) 0.006

Time to
complete
continence
after
nephrostomy
tube removal
(days)

1.0(1.0–1.0) 1.0(1.0–1.0) 1.0(1.0–1.0) 1.0(1.0–1.0) 1.0(1.0–1.0) 0.324

Length of
hospital stay
(days)

3.0(2.0–4.0)c 3.0(2.0–4.0) 3.0(3.0–4.0) 5.0(3.0–6.0) 3.0(3.0–5.0) < 
0.001
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Table 3. Demographic, laboratory, perioperative, and postoperative outcomes according to specific clinical
subgroups

 

  Patients
without
special
anatomical
and clinically
relevant
conditions (n 
= 341)

Open
surgery (n = 
115)

Horseshoe
kidney

(n = 53)

Skeletal
deformity (n = 
23)

Solitary
kidney (n = 
136)

p

Unless otherwise specified, data was expressed as median (IQR). ap < 0.05 compared with open surgery, bp
< 0.05 compared with horseshoe kidney, cp < 0.05 compared with skeletal deformity, dp < 0.05 compared
with solitary kidney.

‡No significant differences were found between the patients without a specific clinical condition group and
the other groups in pairwise comparisons. Percentages for second procedures were calculated using the
total number of patients in each group or subgroup as the denominator. Percentages for third procedures
were calculated among patients who underwent a second procedure. Access sheath size for additional
procedures was reported only for patients who underwent the corresponding procedure.

SSA: stone surface area; SF: stone-free; CIRF: clinically insignificant residual fragments; CSRF: clinically
significant residual fragments.

 

Discussion
In the present study, we demonstrated that the presence of special anatomical and clinically relevant conditions alone
was not associated with significantly worse perioperative outcomes of PCNL in two cohorts matched for age, sex, and
stone surface area. Stone-free rates were 78.3% in patients with special anatomical and clinically relevant conditions and
80.6% in the control group, with similar distributions of residual stone status (CIRF/CSRF) between the groups. Likewise,
no significant differences were observed in perioperative and postoperative transfusion rates, perioperative and
postoperative complication rates, time to nephrostomy tube removal, or length of hospital stay. Because the clinical
significance of small residual fragments remains debated, stone-free status was considered the main descriptive efficacy
outcome, while CIRF and CSRF were reported separately. Although SF plus CIRF has historically been used as a
composite estimate of treatment success in some endourological studies, this combined measure should be interpreted
cautiously and was not regarded as equivalent to a strictly fragment-free outcome [5, 16, 17]. When SF and CIRF were
evaluated together as a descriptive secondary measure, the rates were 90.6% in the control group and 88.9% in patients
with special anatomical and clinically relevant conditions.

The concept of clinically insignificant residual fragments has been increasingly questioned in contemporary
endourological literature. Although small residual fragments have traditionally been considered acceptable in some
studies, recent evidence suggests that fragments in the 1–4 mm range may be associated with stone-related events,
regrowth, complications, and need for secondary intervention [18, 19]. Therefore, the term “clinically insignificant” should
be interpreted as a historical convention rather than definitive evidence of biological or clinical harmlessness [20]. In the
present study, long-term follow-up data regarding stone-related events, fragment growth, renal colic, emergency visits, or
secondary procedures were not available in a standardized manner. Consequently, we could not directly determine
whether CIRF cases remained clinically silent over time. For this reason, SF, CIRF, and CSRF were presented separately,
and the composite SF plus CIRF rate should be interpreted only as a descriptive outcome rather than a definitive measure
of clinical success. In addition, because postoperative imaging was not uniformly CT-based, the distinction between CIRF
and CSRF should also be interpreted as a secondary, imaging-limited estimate rather than a definitive classification of
residual fragment burden.
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Although guidelines recommend PCNL as the first-line treatment for renal stones larger than 2 cm, this procedure may
still raise concerns among urologists when performed in patients with special anatomical or clinically relevant
conditions[21]. However, multicenter prospective data have demonstrated that PCNL outcomes are influenced by
institutional case volume and surgical experience, with more experienced centers achieving higher stone-free rates and
lower complication rates [22]. In this context, our findings suggest that when stone burden and patient characteristics are
balanced, patients with anatomical anomalies or additional clinical conditions can achieve comparable clinical outcomes
in experienced centers.

In the subgroup analysis of renal malformations from the CROES database, stone-free rates in patients with congenital
renal anomalies who underwent PCNL were found to be comparable to those without anomalies, and complication rates
were not significantly increased. However, longer operative times and higher rates of failed access were reported in
patients with anomalous kidneys [23]. Similarly, although not every duplex collecting system necessarily increases the
technical complexity of PCNL, variations in collecting system anatomy may influence access planning, calyceal
orientation and surgical strategy depending on the type of duplication and stone location. Therefore, these patients may
require individualized preoperative assessment rather than being considered uniformly technically difficult. In contrast to
the literature, the absence of a statistically significant difference in operative time in our study may be explained in part
by balancing stone burden through matching for stone surface area and by the standardization of access sheath
selection in a high-volume center. However, subgroup-level comparisons were exploratory and were not based on
subgroup-specific matching; therefore, these findings should not be interpreted as definitive evidence that each
anatomical subgroup carries the same operative risk.

PCNL is also considered technically challenging in patients with skeletal deformities because of marked anatomical
variations, impaired respiratory function, and limited availability of an appropriate percutaneous access tract [24, 25]. In
this patient group, relatively lower stone-free rates after a single session have been reported; however, final stone-free
rates may reach 88–100% following auxiliary procedures [25, 26]. Furthermore, displacement of anatomical landmarks in
patients with scoliosis may complicate percutaneous access, and it has been emphasized that detailed preoperative
imaging, appropriate patient positioning, and ultrasound-guided access may help reduce the risk of complications [27].
Although severe scoliosis has been described as a relative contraindication in some guidelines, PCNL has been shown to
be a safe and effective treatment option in experienced centers [24, 28]. In our study, the absence of significant
differences in operative time, complication rates, and postoperative outcomes suggests that PCNL may be feasible in
this patient group with appropriate patient selection and careful preoperative planning. However, the skeletal deformity
subgroup was younger and had a lower BMI than the control group, and the lower creatinine level observed in this
subgroup may reflect age and muscle mass rather than a true difference in renal function. Therefore, subgroup findings,
including nephrostomy-related recovery parameters and length of hospital stay, should be interpreted as exploratory and
hypothesis-generating. Nevertheless, as reported in the literature, individualized surgical planning and preparedness for
auxiliary procedures remain important because of the anatomical challenges encountered in these patients.

PCNL in patients with a history of previous ipsilateral open surgery has remained a controversial issue in the literature. A
meta-analysis including 17 studies reported that prior open surgery may be associated with greater hemoglobin
decrease, increased need for embolization, longer operative times, and lower stone-free rates [29]. In contrast,
prospective cohort data have shown that, particularly with modern equipment and surgical experience, final success and
morbidity rates are comparable to those reported in the literature, although fluoroscopy and operative times may be
prolonged [30]. Similarly, in our study, no significant differences were observed in operative or fluoroscopy times in the
subgroup of patients with a history of open surgery. In addition, consistent with the literature, no significant differences
were found in stone-free or complication rates. However, the significantly larger renal access sheath size observed in this
subgroup may be explained by altered intrarenal pressure dynamics related to perinephric fibrosis. Nevertheless, the
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limited differences compared with the control group and the absence of prolonged operative time suggest that this
finding should be interpreted more as a cautionary signal rather than a clinically substantial disadvantage.

PCNL in patients with a solitary kidney represents a particularly relevant clinical setting in which the balance between
maximal stone clearance and minimal morbidity is of critical importance because of the limited functional renal reserve.
Although the surgical technique itself may be similar to that used in patients with two functioning kidneys, solitary
kidneys, particularly congenital or long-standing solitary kidneys, may undergo compensatory renal hypertrophy and
adaptive hyperfiltration [6]. This adaptive response may be accompanied by increased renal blood flow, parenchymal
enlargement, and altered intrarenal hemodynamics. Therefore, percutaneous access and tract dilation in a solitary kidney
may carry greater clinical consequences in terms of bleeding, parenchymal injury and postoperative renal functional
deterioration [31], even when the technical steps of PCNL are not fundamentally different. Preservation of the only
functioning renal unit is therefore of paramount importance. Therefore, surgeons frequently approach these cases with
greater caution because potential complications, particularly bleeding, collecting system injury, infection, obstruction or
residual fragments, may have greater clinical consequences than in patients with two functioning kidneys. A meta-
analysis reported that PCNL in solitary kidneys could achieve initial stone-free rates of 72% and final stone-free rates
approaching 90%; however, minor complications as well as complications such as transfusion requirement and
postoperative fever were found to be significantly increased and should not be overlooked [32, 33]. In our study, the
similarity of postoperative complication rates between the solitary kidney group and the control group suggests that
outcomes may be stabilized through appropriate management of stone burden and surgical experience, even in highly
sensitive patient populations such as those with a solitary kidney.

One of the major strengths of the present study is that patients with special anatomical and clinically relevant conditions
were evaluated in a single high-volume center with extensive experience in PCNL. In addition, matching for age, sex and
stone surface area enabled balancing of major confounding variables, thereby allowing more reliable comparisons
between the groups. Post-matching standardized mean differences were below 0.10 for all matching variables,
supporting adequate balance between the two matched groups. This methodological approach reduces an important
limitation frequently emphasized in the literature, namely that comparisons based solely on anatomical complexity may
be misleading because of differences in stone burden and patient characteristics. Furthermore, evaluating subgroups
such as previous open surgery, horseshoe kidney, solitary kidney, and severe skeletal deformity within the same
methodological framework provides a more comprehensive and clinically applicable perspective for the heterogeneous
patient population undergoing PCNL. Nevertheless, these subgroup analyses were exploratory and were not based on
subgroup-specific 1:1 exact and caliper-based matching.

In the present cohort, the surgical approach was individualized rather than restricted to a uniform standard PCNL
technique. Accordingly, both standard PCNL and mini-PCNL were performed in selected cases depending on patient
characteristics, renal anatomy, stone burden, stone location, and surgeon judgment. However, the present study was not
designed to compare standard PCNL and mini-PCNL, and mini-PCNL was therefore not analyzed as a separate technical
subgroup. Similarly, endoscopic combined intrarenal surgery (ECIRS) may be particularly useful in complex renal stones
by facilitating calyceal orientation, assisting percutaneous puncture through simultaneous retrograde visualization, and
potentially improving stone-free rates. Nevertheless, ECIRS was not applied as a standardized protocol throughout the
entire study period and was not evaluated separately in the present retrospective analysis. Therefore, the present findings
should be interpreted as reflecting outcomes of individualized PCNL practice in a high-volume center rather than
comparative evidence regarding standard PCNL, mini-PCNL, or ECIRS. Future prospective studies using standardized
surgical protocols are needed to better define the role of mini-PCNL and ECIRS in patients with special anatomical and
clinically relevant conditions.

Nevertheless, several limitations of the study may restrict the generalizability of the findings. The retrospective single-
center design is susceptible to temporal bias related to changes in energy sources, lithotripsy devices, imaging protocols,
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access strategies, tract size, miniaturization, and surgeon experience over time. Although the distribution of procedures
across treatment eras did not differ significantly between the groups, the control group included a relatively higher
proportion of patients treated during the most recent era, 2020–2025, compared with Group 1. This imbalance may have
biased outcomes slightly in favor of the control group because endourological technology, miniaturization, energy
sources, access strategies and perioperative imaging strategies evolved substantially between 2009 and 2025. In
addition, the heterogeneous nature of the special clinical condition group may mask subgroup-specific differences under
a single summary effect, while the relatively small sample sizes of certain rare anomalies, such as duplex collecting
systems and ectopic kidneys, limit the statistical power of subgroup analyses. These rare anomalies were included in the
overall Group 1 analysis but were not evaluated as separate subgroups because of their small sample sizes. Moreover,
subgroup comparisons were not based on subgroup-specific matching and may therefore be confounded by age, BMI,
and stone burden.

Another limitation is that stone burden was assessed using stone surface area rather than stone volume. Although stone
volume may provide a more comprehensive estimate of the true stone burden [34, 35], stone surface area has been
widely used in the endourological literature and allowed standardized comparison across our study population.
Nevertheless, the use of SSA rather than CT-based volumetric stone burden may leave residual confounding by stone
complexity. In addition, stone density in Hounsfield units and stone composition were not available in a complete and
standardized manner for the entire cohort and therefore could not be incorporated into the matching model.

The most important limitation of the present study is the lack of uniform CT-based postoperative stone-free assessment.
Residual stones were assessed using intraoperative fluoroscopy, KUB radiography, or non-contrast CT according to
routine clinical practice. Because CT was not routinely performed in all patients during the entire study period and
imaging modality was not consistently documented in a standardized format, the proportion of patients assessed by
each modality could not be reliably reconstructed, and a CT-only sensitivity analysis could not be performed. KUB
radiography and fluoroscopy have limited sensitivity for small residual fragments and cannot reliably operationalize a ≤ 2
mm CIRF threshold [5, 16, 20]. Therefore, residual fragments may have been underestimated and stone-free rates may
have been overestimated. This limitation is particularly relevant when interpreting the SF plus CIRF composite rate, which
should not be considered equivalent to a strictly CT-confirmed fragment-free outcome.

Finally, no formal non-inferiority or equivalence margin was prespecified, and the absence of statistically significant
differences should not be interpreted as proof of equivalence. In addition, no formal a priori sample-size calculation was
performed because of the retrospective design. Long-term stone-related events, fragment regrowth, emergency visits,
and secondary interventions were not available in a standardized manner; therefore, the clinical course of patients with
CIRF could not be directly assessed. Future prospective multicenter studies incorporating standardized CT-based
imaging protocols, volumetric stone burden assessment, validated nephrolithometry scoring systems [36], and long-term
follow-up of residual fragments are needed. Such studies may better define optimal access strategies, infection and
bleeding risks, and long-term renal functional outcomes for each special anatomical or clinically relevant condition.

Conclusion
The findings of the present study suggest that PCNL may be performed with acceptable perioperative safety and efficacy
in patients with special anatomical and clinically relevant conditions when appropriate center selection, careful
preoperative planning, and standardized perioperative management are applied. The achievement of similar perioperative
complication rates and stone-free rates in this patient population supports PCNL as a feasible treatment option in
experienced centers. However, stone-free outcomes should be interpreted with caution because postoperative imaging
was not uniformly CT-based and small residual fragments may not be clinically insignificant in all patients. Nevertheless,
future multicenter prospective studies incorporating stratified analyses based on nephrolithometry scoring systems,
standardized CT-based postoperative imaging, long-term residual-fragment follow-up, and volumetric stone burden
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assessment are needed to better define optimal access strategies, infection and bleeding risks, and long-term renal
functional outcomes for each special anatomical or clinically relevant condition.
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Figure 1

Patient-selection flow diagram. A total of 3674 PCNL procedures performed between September 2009 and June 2025
were reviewed. Among 362 patients identified with special anatomical or clinically relevant conditions, 21 were excluded
because of incomplete medical records, missing critical data, or insufficient follow-up information, leaving 341 patients in
Group 1. Among 3312 patients without these conditions, 184 were excluded for the same reasons, leaving 3128 eligible
controls. After 1:1 exact and caliper-based matching based on age, sex, and stone surface area, 341 matched controls
were selected as Group 2. The final matched cohort included 682 patients. PCNL: percutaneous nephrolithotomy.
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