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Background: Accurate complication reporting in
endourology remains challenging, with the Clavien-
Dindo Classification and Comprehensive Complication
Index being the most commonly used systems. This
study aimed to compare surgical outcomes and complica-
tion reporting in ureterolithotripsy (URL), percutaneous
nephrolithotomy (PCNL), and extracorporeal shock
wave lithotripsy (ESWL) using both systems.
Methods: This prospective, single-center, non-
interventional study included 473 patients undergoing
URL, PCNL, or ESWL from October 2022 to October
2024. Demographic, stone-related, and procedural
variables were recorded. Complications were classified
using the CDC, and cumulative morbidity was assessed

using CCI. Statistical analyses, including univariate
and multivariate regression, were performed to identify
predictors of higher CCI scores.
Results: PCNL was associated with the highest com-
plication rates, including an 11% transfusion rate.
ESWL had the lowest complication burden, while URL
demonstrated intermediate risk. CCI scores correlated
positively with length of stay (LOS; r = 0.47), highlight-
ing its ability to capture overall morbidity. Multivariate
analysis identified stone size, operating time, and pos-
itive urine culture as significant predictors of higher
CCI scores. The CCI provided a more comprehensive
representation of morbidity compared to the CDC.
Conclusions: CCI demonstrates superior sensitivity
in evaluating postoperative morbidity compared to
CDC, particularly in more invasive procedures such as
PCNL. Standardized reporting frameworks incorporat-
ing CCI may enhance surgical outcome assessment in
endourology.

Key Words: comprehensive complication index,
endourology, kidney stones, lithiasis surgery, sur-
gical outcomes

Introduction

Nephrolithiasis is a prevalent urological condition
known to substantially impair patients’ quality
of life.1,2 Over recent decades, its prevalence has
gradually risen, affecting up to approximately
10% of the population.3,4 Treatment modalities
such as Ureterolithotripsy (URL), Percutaneous
Nephrolithotomy (PCNL), and Extracorporeal
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Shock Wave Lithotripsy (ESWL) are commonly
used to manage kidney stones of various sizes
and complexities.5–7 However, these procedures do
carry a risk of intra- or postoperative complications,
which may potentially compromise the results and
exert significant financial pressures on healthcare
systems.8,9 Therefore, meticulous and high-caliber
documenting of procedure-related adverse events,
coupled with suitable preoperative evaluation, is
crucial. The Clavien-Dindo Classification (CDC)
remains the most widely used framework for
documenting surgical complications, owing to its
simplicity and adaptability. However, since the CDC
captures only the highest-grade complication per
patient, alternative systems like the Comprehensive
Complication Index (CCI) have been introduced
to provide a more nuanced overview.10 The CDC
categorizes complications into five grades, which
are further divided into seven distinct levels (I, II,
IIIa/IIIb, IVa/IVb, V), which represent a progression
in severity. Grade I represents “any deviation from
the norm,” while grade V signifies the patient’s
death. The classification is based on the level of
invasiveness required for the treatment of these
complications. The CCI is based on the CDC but
accounts for all accumulated complications and
provides a continuous overall score between 0 and
100, with 100 indicating patient death.11 CCI has been
validated in studies including patients undergoing
PCNL and URL but not in those undergoing ESWL,
which is also a commonly used form of stone
treatment.12

In this prospective non-interventional study, we
aimed to evaluate CCI, compared to CDC, as a tool for
reporting complications in endourology procedures
and ESWL, focusing on the ability of the system to
assess cumulative morbidity; furthermore, we sought
to determine clinical and procedural factors that may
significantly influence CCI.

Materials and Methods

Design of the study
This is a prospective non-interventional study con-
ducted from October 2022 to October 2024 in the
University Urology Department in a tertiary hospital.
The collection of data was performed in patients with
kidney stones, diagnosed with plain KUB (kidney,
ureter, bladder) and/or Computed Tomography (CT)
scan, who underwent one of the following three pro-
cedures: URL, PCNL, and ESWL, depending on the
size of the stone. PCNL was performed on stones
>2 cm, while ESWL and/or URL were performed on

stones ≤2 cm according to the European Association
of Urology guidelines.

The study was approved by the Institutional
Review Board of the Hospital (Protocol Num-
ber: 20978/19.10.22). The study was registered on
clinicaltrials.gov with ID: 67127, clinical trials ID:
NCT05593783.

All PCNL cases were performed in the prone
position using a 26 French nephroscope. Puncture of
the collecting system was performed under radio-
graphic guidance and tract dilatation was carried
out with Amplatz and balloon dilators. Lithotripsy
was performed with Swiss Lithoclast (a combina-
tion of ultrasound and pneumatic lithotripsy). In
the URL, three types of ureteroscopes were used,
namely the semirigid 7/12 French Ureterorenoscope,
the LithoVue™ Single-Use Digital Flexible Uretero-
scopes and the Karl Storz Flex-X2 Ureteroscope. A
30-W Auriga XL holmium-YAG laser was used for
stone disintegration. ESWL was performed using
Dornier lithotripter S II.

Data collection and complication assessment
Patient demographics (age, gender, body mass
index, comorbidities, anticoagulant use), stone-
related data (maximum stone size, anatomic
location of stone, number of stones, presence
of hydronephrosis preoperatively, presence of
double-J stent catheter preoperatively, positive
urine culture, preoperative chemoprophylaxis) as
well as operation-related data (type of anesthesia,
operation time, hospitalization time) were reported.
Finally, all possible complications were recorded
intraoperatively, immediately postoperatively and
up to 30 days following surgery. Complications were
assessed using the CDC and the cumulative CCI was
calculated for each patient using the freely available
online tool www.assessurgery.com. Each CDC grade
is assigned to a specific CCI value and a weight of
complication (wC) as follows:

· CDC-I CCI score 8.66 wC1 = 300
· CDC-II CCI score 20.92 wC1 = 1750
· CDC-IIIa CCI score 26.22 wC1 = 2750
· CDC-IIIb CCI score 33.73 wC1 = 4550
· CDC-IVa CCI score 42.43 wC1 = 7200
· CDC-IVb CCI score 46.23 wC1 = 8550
· CDC-V always results in a CCI score of 100
These values are also summarized in Table 1

for reference.
The total CCI score is then calculated based on the

following formula:

CCI =
√

wC1 + wC2 + wC3 + . . . + wCx
2
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TABLE 1. The allocation of specific CCI values and complication weights (wC) corresponding to each
CDC grade

CDC
grade

Definition of CDC grade CCI value wC

I Any deviation from the normal postoperative course
requires only drugs as follows: antiemetics, antipyretics,

diuretics, and electrolytes

8.7 300

II Pharmacological treatment (with drugs other than
required for CDC I complications), blood transfusion,

total parenteral nutrition

20.9 1750

IIIa Surgical, endoscopic or radiological intervention not
under general anaesthesia

26.2 2750

IIIb Surgical, endoscopic or radiological intervention under
general anaesthesia

33.7 4550

IVa Single-organ dysfunction requiring intermediate or
intensive care unit management

42.4 7200

IVb Multiorgan dysfunction requiring intermediate or
intensive care unit management

46.2 8550

V Death 100 Always results
in 100

Note: CCI, Comprehensive Complication Index; CDC, Clavien Dindo Classification.

Inclusion criteria
Patients with urinary lithiasis who were to
undergo one of the following three procedures:
ureterolithotripsy, percutaneous nephrolithotomy
and extracorporeal shockwave nephrolithotripsy,
depending on the size of the stone, were included
in the study. All participants signed an informed
consent form. Patients who had a recent (less than a
month’s time) similar operation, as well as those who
were found unable to understand the protocol and
the procedures, were excluded.

Statistical analysis
A series of statistical analyses was performed to
assess patient outcomes and identify significant pre-
dictors of complications. To describe continuous
variables, the mean/standard deviation were used.
The Shapiro-Wilk test was used to investigate the
distribution of the data. The absolute number and
the corresponding percentage were used to describe
the qualitative variables. For the comparison of con-
tinuous variables, the parametric t-test was used
when the data followed a normal distribution and
the Mann-Whitney U test when they did not fol-
low a normal distribution. Chi-square and Fisher’s
exact test were used to compare qualitative vari-
ables. Descriptive statistics were calculated for each
group of patients (URL, PCNL, ESWL) and presented

in a comprehensive baseline table. Univariate lin-
ear regression analyses were conducted to evaluate
potential predictors of CCI, followed by multivariate
regression analysis to identify independent predic-
tors. The reported coefficients represent regression
estimates (e), not correlation coefficients. An Analysis
of Variance (ANOVA) was conducted to assess the
differences in CCI scores across the different proce-
dures. Due to different complication profiles of each
surgical technique and in order to assess CCI scores,
we did not perform a pooled analysis of the three
techniques together. To compare the overall morbid-
ity of the cumulative CCI and the non-cumulative
CDC, the paired Wilcoxon–Mann–Whitney test was
used. Spearman’s rank correlation coefficient was
used to test the correlation of LOS with the cumula-
tive CCI and a scatter plot was created to illustrae the
positive correlation between LOS and CCI.

This study did not include a prior sample size
calculation, as its primary aim was to provide a
comprehensive assessment of postoperative compli-
cations using both CCI and the CDC. Given the
observational, non-randomized nature of the study,
all eligible patients treated within the study period
were included, ensuring a real-world representation
of surgical outcomes. The focus of this study was
on evaluating the applicability and effectiveness of
complication grading systems rather than testing a
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TABLE 2. Baseline patient characteristics

Variable ESWL URL PCNL p-value

Sample size 209 211 53
Age (years) 60.3 (±9.6) 59.2 (±11.8) 55.1 (±8.9) <0.05

BMI (kg/m2) 26.1 (±2) 25.4 (±2.2) 26 (±2.2) 0.216
Males 111 (53.1%) 108 (51.2%) 21 (39.6%) 0.214

Anticoagulants 84 (40.2%) 32 (15.2%) 1 (1.9%) 0.03
Hypertension 61 (29.2%) 86 (40.8%) 17 (32.1%) 0.01

Diabetes 24 (11.5%) 39 (18%) 7 (13.2%) 0.015
COPD 5 (2.4%) 10 2.1%) 1 (1.9%) 0.001
CVD 88 (42.1%) 17 (8.1%) 53 (100%) 0.002

Stone size (mm) 10.6 (±2.2) 12 (±4.6) 30.1 (±6.6) <0.001
Right side 94 (45%) 96 (45.5%) 25 (47.2%) 0.99

Hydronephrosis 41 (19.6%) 68 (32.2%) 23 (43.4%) <0.001
Urine culture (+) 1 (0.5%) 28 (13.3%) 6 (11.3%) <0.001

Stone location
Upper ureter 52 (24.9%) 34 (16.1%) 0 <0.001
Middle ureter 0 45 (21.3%) 0 <0.001
Distal ureter 13 (6.2%) 39 (18.5%) 0 <0.001
Renal pelvis 144 (68.9%) 59 (28%) 50 (94.3%) <0.001
Upper calyx 0 9 (4.3%) 0 <0.001
Middle calyx 0 10 (4.7%) 3 (5.7%) <0.001
Lower calyx 0 15 (7.1%) 0 <0.001

OR time (min) 28.1 (±3.8) 50 (±25.5) 96 (±31.4) <0.001
LOS (days) 0 2.8 (±2.2) 4.3 (±2.7) <0.001

Readmission 2 (0.9%) 1 (0.5%) 0 0.498

Note: Continuous variables are presented as means (±standard deviation), while categorical as numbers (pro-
portions); BMI, body mass index; OR, operative room; ESWL, extracorporeal shock wave lithotripsy; URL,
ureterolithotripsy; PCNL, percutaneous nephrolithotomy COPD, congestive obstructive pulmonary disease; CVD,
cardiovascular disease; LOS, length of stay.

predefined hypothesis. While no formal power anal-
ysis was performed, the sample size was considered
sufficient for descriptive and comparative analysis
based on previous studies of similar scope.

Results

Patients’ baseline demographic characteristics
The baseline characteristics of the patients are pre-
sented in Table 2. Comparative analysis of baseline
variables revealed statistically significant differences
in age, stone size, stone location, and several comor-
bidities across the treatment groups (ESWL, URL,
PCNL), as shown in Table 2. These variations align
with the expected clinical selection criteria for each
modality and were anticipated given the observa-
tional, real-world design of the study.

A total of 473 patients were enrolled in the study,
of which 211 underwent URL, 209 ESWL and 53
PCNL. The baseline characteristics showed notable
differences across the three treatment groups. PCNL
was utilized for patients with the largest stones,
which is consistent with the more invasive nature
of this procedure. ESWL was predominantly used
for patients with smaller stones, making it the least
invasive of the three modalities. In our study, patients
undergoing ESWL were, on average, older than those
undergoing PCNL. This difference may reflect clinical
considerations such as comorbidities and suitability
for invasive procedures. By contrast, BMI was com-
parable between the three groups.

Frequency and severity of complications
The frequency of complications was assessed using
the Clavien-Dindo classification. Tables 3–5 list all
complications occurring following the procedures
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TABLE 3. URL complications

Type of complication Management Number of
complications

Proportion (%)

Pain (I) Analgetics 101 47.87
Pain (IIIa) Ureteral stent removement 2 0.95

Hematuria (I) Conservative with clinical observation 12 5.69
Hematuria (IIa) Transurethral catheter placement, irrigation 2 0.95

Hydronephrosis (I) Conservative with clinical observation,
Analgesics

3 1.42

Hydronephrosis,
JJ-stent misplaced (IIIa)

Ureteral stent reinsertion 2 0.95

UTI (II) Anti-infectious agents, transurethral
catheter placement

37 17.54

Sepsis (IVa) Intensive care 12 5.69
CLAVIEN I 104 49.29
CLAVIEN II 37 17.54

CLAVIEN IIIa 2 0.95
CLAVIEN IVa 12 5.69

Note: URL, ureterolithotripsy; UTI, urinary tract infection.

TABLE 4. PCNL complications

Type of complication Management Number of
complications

Proportion (%)

Pain (I) Analgetics 34 64.15
Pain (IIIa) Change of nephrostomy or ureteral stent

placement
2 3.77

Hematuria (I) Conservative management 7 13.21
Hematuria (II) Transurethral catheter placement, irrigation 2 3.77
Hematoma (I) Analgetics, Conservative management

with clinical observation
1 1.88

UTI (II) Anti-infectious agents, transurethral
catheter placement

10 18.87

Anemia (II) Blood transfusion 6 11.3
CLAVIEN I 25 47.17
CLAVIEN II 11 20.75

CLAVIEN IIIa 2 3.77

Note: PCNL, percutaneous nephrolithotomy; UTI, urinary tract infection.

and their management. A total of 8, 7 and 4 different
types of complications occurred in the URL, PCNL
and ESWL cohorts, respectively. The most common
complication for patients who underwent URL was
pain (101 out of 211 patients, 47.87%), followed by
urinary tract infection (UTI) (37 out of 211 patients,
17.54%). Severe complications such as sepsis were
observed in 12 patients (5.69%). Similarly, in the

PCNL cohort, the most common complication was
pain (36 out of 53 patients, 68%), but at a higher rate
compared to URL. Table 4 also shows a high trans-
fusion rate for PCNL (11.3%), which could reflect the
complexity or severity of the cases. Regarding ESWL,
the complication rate was relatively low as expected,
with the most common complications being pain (17
out of 209 patients, 8.13%) and mild hematuria (7
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TABLE 5. ESWL complications

Type of complication Management Number of
complications

Proportion (%)

Pain (I) Analgetics 17 8.13
Hematuria (I) Conservative management 7 3.34

UTI (II) Anti-infectious agents, transurethral
catheter placement

1 0.47

Hydronephrosis (IIIa) JJ stent placement 4 1.91
CLAVIEN I 24 11.48
CLAVIEN II 2 0.95

CLAVIEN IIIa 4 1.91

Note: ESWL, extracorporeal shock wave lithotripsy; UTI, urinary tract infection.

out of 209 patients, 3.34%), which were dealt with
conservatively.

Univariate and multivariate regression analysis
of CCI for ESWL, URL and PCNL
Aunivariate linear regression analysis was conducted
to identify potential predictors of CCI (Table 6).
The reported values represent regression coefficients
(estimates, denoted as e) rather than correlation coef-
ficients. Age showed a weak positive association with
CCI for the ESWL group (e = 0.08) and a stronger
association in the PCNL group (e = 0.39). BMI was
negatively associated with CCI in the ESWL and
PCNL groups (e = −0.40 and e = −3.04, respec-
tively). Stone size showed a positive association with
CCI in the URL group (e = 0.4), while OR time
had a weak positive association with CCI in PCNL
patients (e = 0.13). Positive urine culture was sig-
nificantly associated with higher CCI in the ESWL
(e = 30.74) and URL (e = 5.65) groups. OR time
showed a positive association with CCI in PCNL
patients (e = 0.13). A multivariate regression model
was used to identify independent predictors of CCI
(Table 6). BMI remained inversely associated with
CCI in both the ESWL and PCNL groups, indicat-
ing that patients with higher BMI may experience
fewer complications. OR time (e = 0.07) and the
presence of hydronephrosis (e = 8.79) were positively
associated with CCI in patients undergoing PCNL.
Positive urine culture remained a significant predic-
tor of higher CCI scores in both the ESWL (e = 31.37)
and URL (e = 5.7) groups, consistent with univariate
results. Stone size also remained positively associated
with CCI (e = 0.39) in the URL group. The use of
anticoagulants yielded contradictory results, with a
positive association in the URL group (e = 5.84) and a
negative association in the ESWL group (e = −1.72).

Comparison between the cumulative CCI and
the non-cumulative CDC
To compare the overall morbidity of cumulative CCI
and non-cumulative CDC, the paired Wilcoxon–
Mann–Whitney test was used. In Figures 1–3,
comparisons of the total number of complications
(using Clavien grades) with the corresponding CCI
scores for each procedure are demonstrated. Mean
cumulative CCI and mean non-cumulative CDC for
ESWL were 1.750 and 0.153, respectively. The ESWL
plot revealed that while in the majority of cases there
were low complication rates (as indicated by both
metrics), a marked increase in CCI scores in a subset
of patients with higher grade CDC complications was
noticed. In contrast, CDC values remain relatively
consistent with smaller fluctuations, reflecting their
non-cumulative nature. This comparison highlights
the ability of the CCI to provide a more nuanced
representation of overall complication severity,
particularly in patients with multiple or severe
complications, compared to the CDC. Similarly, in
the URL and PCNL plots, the cumulative nature
of the CCI is evident from its gradual increase
across the cohorts, with a notable sharp rise in a
subset of patients with higher complication burdens.
In comparison, the CDC scores remain consistent
with stepwise increments. For PCNL and URL, the
comparison between the mean cumulative CCI and
the mean non-cumulative CDC revealed significant
differences (PCNL cumulative CCI mean: 9.526 vs.
non-cumulative CDC mean: 0.868; URL cumulative
CCI mean: 9.640 vs. non-cumulative CDC mean:
0.791).

Correlation with the length of stay (LOS)
Spearman’s rank correlation coefficient was used
to test the correlation of LOS with the cumulative
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TABLE 6. Univariate and multivariate regression analysis of CCI for ESWL, URL and PCNL

Variable Univariate analysis Multivariate analysis

ESWL
Estimate (e) 95% CI p-value Estimate (e) 95% CI p-value

Age 0.08 0, 0.16 0.03 0.08 0, 0.15 0.03
BMI −0.40 −0.77, −0.02 0.03 −0.41 −0.78, −0.04 0.02

Stone size −0.10 −0.47, 0.25 0.56
Anticoagulants −1.69 −3.3, −0.09 0.03 −1.72 −3.22, −0.21 0.02
Hydronephrosis 0.76 −1.32, 2.85 0.47

Positive urine culture 30.74 20.01, 41.46 <0.001 31.37 20.88, 41.86 <0.001
OR time −0.01 −0.22, 0.18 0.84

URL
Age 0.004 −0.13, 0.14 0.95
BMI −0.05 −0.78, 0.68 0.9

Stone size 0.40 0.02, 0.77 0.03 0.39 0.04, 0.74 0.02
Anticoagulants 5.59 0.97, 10.2 0.01 5.84 1.38, 10.3 0.01
Hydronephrosis −1.32 −4.83, 2.18 0.45

Positive urine culture 5.65 0.85, 10.44 0.02 5.7 0.98, 10.41 0.01
OR time −0.01 −0.08, 0.05 0.72

PCNL
Age 0.39 0.03, 0.76 0.03 0.46 0.09, 0.82 0.01
BMI −3.04 −4.62, −1.46 <0.001 −3.34 −4.92, −1.76 <0.001

Stone size −0.46 −1.08, 0.14 0.13
Anticoagulants 17 −5.12, 39.13 0.12
Hydronephrosis 8.19 1.61, 14.77 0.01 8.79 2.37, 15.2 0.008

Positive urine culture 0.57 −9.14, 10.3 0.9
OR time 0.13 0.01, 0.27 0.04 0.07 −0.02, 0.17 0.14

Note: e, regression coefficient from linear regression analysis; BMI, body mass index; OR, operative room;
CI, confidence interval; ESWL, extracorporeal shock wave lithotripsy; URL, ureterolithotripsy; PCNL, percuta-
neous nephrolithotomy.

CCI (Figure 4). This scatter plot illustrates the posi-
tive correlation between LOS and CCI. Patients with
higher CCI scores generally experienced longer hos-
pital stays, with a Spearman correlation of r = 0.47,
indicating a moderate positive relationship.

Discussion

This study utilizes and validates the Comprehensive
Complication Index (CCI) in the context of endouro-
logical treatment for urinary lithiasis, using data
from a large patient cohort at a tertiary university
referral center. To the best of our knowledge, it is
the first study to include extracorporeal shockwave
lithotripsy (ESWL) as part of the analysis for kidney
stone treatment.

The CCI was initially introduced in general
surgery,11,13 Since then it has rapidly gained popu-
larity in urologic oncology.14–16 Moreover it has been
validated in various other urological procedures.12

Previous studies have demonstrated that the CCI
can be effectively utilized in endourological treat-
ments to enhance the reporting of postoperative
complications.17 Our findings, consistent with those
of Grüne et al., indicate that the CCI correlates
more strongly with postoperative complications than
the Clavien-Dindo Classification.12 The comparison
between the cumulative CCI and the non-cumulative
CDC underscores the CCI’s ability to provide a
more nuanced representation of overall complica-
tion severity, particularly in patients with multiple
or severe complications. This distinction is especially
evident in patients undergoing PCNL compared to
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FIGURE 1. Comparison between cumulative CCI and non-cumulative CDC for ESWL. ESWL, Extracorporeal
Shock Wave Lithotripsy; CCI, Comprehensive Complication Index; CDC, Clavien Dindo Classification

FIGURE 2. Comparison between cumulative CCI and non-cumulative CDC for PCNL. PCNL, Percutaneous
Nephrolithotomy; CCI, Comprehensive Complication Index; CDC, Clavien Dindo Classification

those treated with ESWL. Patients treated with PCNL
experienced a higher incidence of complications,
reflecting the invasive nature of the procedure, which
was clearly captured by the CCI values.

In our study, baseline characteristics also showed
notable differences across the three treatment groups.
PCNL was reserved for patients with the largest
stones (mean stone size of 30.1 mm). ESWL was
predominantly used for patients with smaller stones,
making it the least invasive of the three modalities.

Complication analysis revealed that URL was asso-
ciated with more frequent low-grade complications
(e.g., pain and minor bleeding), which nonetheless
were generally manageable and did not require sig-
nificant medical intervention. ESWL had a lower
frequency of Grade I complications compared to
URL and lower complications compared to PCNL. A
high transfusion rate (11%) was noticed in the PCNL
group, potentially reflecting the complexity or sever-
ity of the cases. Several other studies have reported
similar findings.18–20
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FIGURE 3. Comparison between the cumulative CCI and non-cumulative CDC for URL. URL,
Ureterolithotripsy; CCI, Comprehensive Complication Index; CDC, Clavien Dindo Classification

FIGURE 4. Correlation between CCI and length of stay (LOS). The scatter plot illustrates the association between
Comprehensive Complication Index (CCI) scores and hospital length of stay (LOS). Each dot represents an
individual patient. Darker dots indicate overlapping or accumulation of data points at the same or very similar
coordinates, reflecting multiple patients with identical or nearly identical CCI and LOS values

Both the univariate and multivariate analyses
highlighted OR time as a significant predictor of
higher CCI scores in patients treated with PCNL,
indicating that prolonged procedures are associated

with increased risk of complications. Similar findings
have been reported in the literature.21–22 Sugihara et al.
demonstrated that extended operative time is a signif-
icant and independent risk factor for severe adverse
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events following PCNL.22 Interestingly, unlike in
PCNL, operative time did not emerge as a signifi-
cant predictor of complications in the URL group.
This may be attributed to the relatively short and
homogeneous operative times in our cohort, which
could have minimized their predictive impact on
postoperative morbidity.

In the ESWL and URL groups, a positive urine
culture was a significant predictor of higher CCI
scores, which is in line with the current literature.23–25

Furthermore, stone size was demonstrated to have a
significant positive association with CCI (e = 0.39)
in patients undergoing URL. Disintegration of larger
stones typically requires prolonged operation time,
which, in turn, has been shown to be associated with
an increased risk of complications.26

Interestingly, BMI showed an inverse association
with CCI in patients treated with PCNL and ESWL.
This observation may be explained by the fact that
increased BMI, and consequently greater skin-to-
stone distance, may lead to attenuation of the transfer
of the shockwaves to the kidney, thus acting as a
protective factor in patients undergoing ESWL.27,28

On the other hand, this unexpected finding may also
present a statistical bias rather than a clinically sig-
nificant observation. The mean BMI in our cohort
was relatively modest (26.0 for PCNL), with a nar-
row range amongst patients. Additionally, the small
sample size (53 patients) may have limited the ability
to detect a true underlying relationship between BMI
and complication rates, thereby contributing to this
paradoxical finding.

CCI was found to correlate relevantly with LOS.
Patients with higher CCI scores generally expe-
rienced longer hospital stays, with a Spearman
correlation of r = 0.47, indicating a moderate positive
relationship. This finding aligns with the results of
previous studies, which similarly reported an asso-
ciation between higher CCI values and extended
hospital stays.29,30

This study has several limitations. Firstly, it was
conducted at a single tertiary center, which may
limit the generalizability of the findings to broader,
multi-institutional settings. Secondly, the relatively
small sample size of certain subgroups, particularly
the PCNL cohort, may have reduced the statistical
power to detect subtle associations or rare complica-
tions. Thirdly, the observational, non-interventional
design of the study inherently limits the ability to
establish causality between predictive factors and
the CCI. Additionally, variability in surgeon expe-
rience and procedural techniques, which were not
standardized in this study, could have influenced
outcomes. Another limitation of this study is the

absence of a prior sample size calculation, which may
affect statistical power for detecting small effect sizes,
particularly in the PCNL cohort. However, the inclu-
sion of all eligible patients during the study period
ensures a representative sample, reducing selection
bias. Furthermore, the comprehensive assessment of
complications using both CCI and CDC provides
valuable clinical insights, regardless of sample size
constraints. Future studies with larger cohorts may
help refine these findings and validate the observed
trends. Finally, while the study comprehensively
assessed complications using both the CDC and
CCI, long-term outcomes and patient-reported qual-
ity of life were not evaluated, which could provide
a more holistic perspective on the clinical impact of
complications.

Future research should focus on incorporating
patient-reported outcome measures (PROMs) into the
CCI framework to enable a more holistic evaluation
of surgical success. This approach will enable a com-
bination of clinical outcomes with patient-centered
metrics, such as quality of life and satisfaction.
Additionally, leveraging advancements in machine
learning and predictive analytics could provide valu-
able tools for identifying preoperative predictors
of high CCI scores, facilitating personalized risk
stratification and the implementation of targeted
interventions.

Conclusions

This study highlights the value of the CCI as a robust
tool for evaluating and reporting postoperative out-
comes in patients undergoing treatment for urinary
lithiasis with ESWL, URL, and PCNL. By providing
a cumulative and nuanced assessment of complica-
tions, the CCI offers a more comprehensive reflection
of postoperative morbidity than the Clavien-Dindo
Classification, particularly in capturing the complex-
ity of adverse events associated with more invasive
procedures such as PCNL. Our findings underline
the significant role of clinical and procedural factors,
including BMI, stone size, and positive urine cul-
ture, as predictors of complication severity. While the
results validate the utility of the CCI in this context,
the study also emphasizes the need for standardized
reporting frameworks and larger multicenter trials to
further refine complication assessment and improve
surgical outcome reporting in endourology.
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