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Sm Introduction: Residual stones after percuta-
—_— neous nephrolithotomy (PCNL) remain a
major clinical challenge, particularly in patients with large or
complex calculi. Second-look PCNL offers a minimally invasive
option for achieving complete stone clearance; however, real-
world data on outcomes, timing, and predictive factors are
limited.

Materials and methods: We retrospectively analyzed 72 patients
who underwent second-look mini-PCNL at a high-volume terti-
ary center. Perioperative parameters were compared between
procedures and between stone-free and residual stone groups.
Stone-free status was defined as the absence of residual frag-
ments > 4 mm on non-contrast computed tomography. Outcomes
of early (same admission) versus delayed second-look PCNL
were evaluated.

Results: Most patients had high stone complexity, with 79.17%
classified as Guy’s Stone Score grade 4. The overall stone-free
rate after second-look PCNL was 55.56%. Multivariate analysis
identified the presence of more than five stones as the only inde-
pendent predictor of residual fragments (OR 6.49, 95% CI 1.65-
25.52; p = 0.007). Operative time and complication rates were
comparable between procedures, while early re-intervention sig-
nificantly reduced hospitalization duration and antibiotic use
(both p < 0.01).

Conclusions: Despite a modest SFR, second-look PCNL is a safe
and effective strategy for managing residual stones. Early re-
intervention during the same admission improves recovery and
optimizes resource utilization.
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Residual stones; Early re-intervention.
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INTRODUCTION

Urolithiasis is the third most common urologic condition
after urinary tract infections and benign prostatic hyper-
plasia, and percutaneous nephrolithotomy (PCNL) is the
gold-standard treatment for large and complex renal stones
(1-4). Nevertheless, a significant proportion of patients
have residual stone fragments following PCNL, particular-

ly those with complex stones. Intraoperative challenges
such as bleeding, infection, prolonged operative time, or
suboptimal access planning can also lead to incomplete
clearance (5-7). These residual stones not only increase the
risk of recurrence, infection, and ultimately compromise
long-term outcomes if not adequately managed (8-10).
Salvage strategies include extracorporeal shock wave
lithotripsy (SWL) or retrograde intrarenal surgery (RIRS);
however, these are often unsuitable for large fragments (6,
7, 11). In contrast, second-look PCNL via an existing
nephrostomy tract provides a direct and minimally inva-
sive approach to complete clearance, potentially avoiding
the need for re-puncture and reducing morbidity.
Encouragingly, recent studies suggest that this approach
is safe and improves stone-free rate (SFR) (5-7, 12, 13).
Despite these potential benefits, real-world data on the
characteristics of PCNL failures and outcomes of second-
look procedures remain limited. Therefore, this study
aims to identify the reasons for initial PCNL failure and
evaluate the efficacy and safety of second-look PCNL in a
high-complexity cohort.

METHODS

Between September 2021 and September 2023, we retro-
spectively reviewed patients who underwent mini-PCNL
at a high-volume tertiary center. A total of 72 patients
who initially underwent prone mini-PCNL but had resid-
ual stones and subsequently required an additional inter-
vention were included in this study. The study protocol
was approved by the Institutional Review Board and Ethics
Committee (Approval No. 386/HDDD-DHYD).
Demographic and clinical characteristics were recorded.
Preoperative evaluation consisted of routine blood tests,
urinalysis, urine culture, and non-contrast computed
tomography (CT). Severe hydronephrosis was defined as
grade 3-4 on CT, and obesity as body mass index (BMI) =
25 kg/m? according to Asian criteria. Stone burden was
calculated as the stone surface area using the formula
Length x Width x 1t x 0.25 (1t = 3.14159) (14). Staghorn
calculi were defined as branched stones occupying a large
portion of the collecting system (13).
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All procedures were performed under general anesthesia
with 16 Fr mini-PCNL sheaths under fluoroscopic guid-
ance. Intraoperative data included whether a ureteral
catheter was placed before renal puncture, the number of
access tracts, operative time, placement of nephrostomy
tubes or double-]J (DJ) stents, and postoperative outcomes
such as transfusion requirements and complications.
Procedures were terminated at the discretion of the oper-
ating surgeon in cases of excessive bleeding, risk of sep-
sis, or prolonged operative time when complete clearance
could not be achieved in a single session, with significant
residual stone burden detected intraoperatively by
nephroscopy or fluoroscopy. “Same admission” referred to
patients who remained hospitalized after the initial pro-
cedure, whereas “readmission” referred to those dis-
charged and readmitted for the second procedure. The
old nephrostomy was reused whenever feasible; other-
wise, an additional tract was created at the surgeon’s deci-
sion. Complications were classified according to the
Clavien-Dindo system (15).

Stone-free status was defined as the absence of residual
fragments > 4 mm on non-contrast CT one month after
the second procedure (12, 16). Statistical analyses were
performed using Stata software (version 17.0; StataCorp
LLC, USA). Categorical variables were reported as fre-
quencies and percentages, while continuous variables
were expressed as mean + standard deviation (SD). Chi-
square or Fisher’s exact tests were applied for categorical
comparisons, while Student’s t-test was used for continu-
ous variables. Univariate logistic regression was per-
formed for each variable, and factors with p < 0.2 were
entered into a multivariate logistic regression model. A p
< 0.05 was considered statistically significant.

RESuLTS
A total of 72 patients who underwent a second-look mini-
PCNL were analyzed. The demographic and stone-related
data are presented in Table 1. Overall, the cohort demon-
strated substantial stone complexity, as 79.17% of
patients were classified as Guy’s Stone Score (GSS) grade 4.
Most stones were located in the middle and lower poles,
with a mean of 4.7 + 2.4 calyces involved. The mean
stone diameter and surface area
indicated a large stone burden,
consistent with the high propor-
tion of multiple stones.

Figure 1.

Table 1.

Demographic and preoperative stone data of patients (n = 72).
Variables
Age (Mean + SD) 58.03 + 10.63
Gender (N, %)

0 Male 41 (56.94)

0 Female 31 (43.06)
History of prior ipsilateral renal stone surgery (N, %)

0 PCNL 2(2.18)

0 Open surgery 11(15.28)
Obesity (N, %) 13 (18.06)
Intervention side (N, %)

0 Right 31(43.06)

0 Left 41 (56.94)
Maximum stone diameter (mm, mean + SD) 4463 +15.11
Number of stones (N, %)

0 One stone 42 (58.33)

0 Two-five stones 9(12.50)

0 More than five stones 21(29.17)
Stone burden (mm? mean +SD ) 897.20 + 665.22
Number of involved calyces (mean +SD ) 472237
Stone location

0 Upper pole involvement 50 (69.44)

0 Middle pole involvement 65 (90.28)

0 Lower pole involvement 56 (77.78)
GSS (N, %)

0 Grade 1 341

0 Grade 2 6(8.33)

0 Grade 3 6(8.33)

0 Grade 4 57 (79.17)
Stone density (HU, mean + SD) 1043.74 £ 234.52
Preoperative hydronephrosis (N, %)

0 None 3(4.17)

0 Grade 1 31 (43.06)

0 Grade 2 24.(33.33)

0 Grade 3 13 (18.06)

0 Grade 4 1(1.39)
Positive urine culture (N, %) 4 (5.56)

HU: Hounsfield unt.

Reasons for residual stone after first and second-look PCNL.

The overall SFR after the second-
look PCNL was 55.56%, and no A
patient required a third interven-
tion. Failures after the first session
were mostly due to limited opera-
tive time or intraoperative bleed-
ing, whereas in the second proce-
dure, residual stones were pre-
dominantly caused by anatomical
challenges — particularly inaccessi-
ble calyces (Figure 1).

Most residual fragments after the
second-look procedure were small,
clinically insignificant, located in
inaccessible calyces, and were man-

7;9,72%

Causes of first PCNL failure (N=72)

= Prolonged
operative time

= Intraoperative
purulent urine
Unsuitable target
calyces

= Bleeding

= Planned second

stage 28; 87,50%

Causes of second PCNL failure (N=32)
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Table 2. Table 4.
Comparison between first and second-look PCNL procedures. The logistic regression of residual stones after the second-look procedure.
Variables First PCNL | Second-look PCNL P Variahles Univariate analysis Multivariate analysis
Ureteral catheterization (N, %) 22 (30.56) 6(8.33) 0.0016* OR 95% Cl p OR 95% CI p
Number of tracts (N, %) 0.018* Age 1.01 0.97-1.06 0.59
0 Single 71(98.61) 62 (86.11) Sex (Male/female) 1.20 0.47-3.06 01
0Two 1(139) 9(1250 History of PCNL 126 0082093 087

T °tT“dree| - ) L Hisory of open surgey 105 029381 0%

argeted calyces (N, -

go - );)ole 1 (139) 5 694t 0be§|w . 1.09 0.33-3.63 0.89
o Middle pole 20279) 20078)1 Maximum stone diameter (mm) 1.01 0.98-1.04 0.53
o Lower pole 70(97.22) 3@A7) More than five stones 3.67 1.35-10.73  0.018 649  1.65-2552  0.007
0 0ld tract only NA 62 (86.11) £ Stone burden (mm?) 1.00 0.99-1.01 051

Exit (N, %) Number of involved calyces 1.25 1.00-1.56 0.04 116 08154 030
0 DJ stent placement 21(29.17) 37 (51.39) 0.0117 Staghorn stone 2.66 076933 013 354 0522399 020
0 Nephrostomy placement 72 (100) 72(100) 12 Stone location

Mean operative time (mean + SD) | 87.29 +24.99 84.03+27.34 0.47# 0 Upper pole 0.94 0.34-2.58 091

Postoperative fever (N, %) 12 (16.67) 7(9.72) 0.327 0 Middle pole 214 0.39-11.86 0.38

Blood transfusion (N, %) 4 (5.56) 0(0) 040 0 Lower pole 204063667 0.3

Clavien-Dindo grade (N, %) 053 Stone density (HU) 1.00 0.99-1.00 0.82
00 52(72.22) 58 (80.56) Severe hydronephrosis 1.89 0.58-6.15 0.29
0l 10972 10972 Second-look PCNL new tract 0.81 021316 076
02 10 {13.83) 5(634) Readmission 105 041268 09
Le S L) Cl: confidence interval; OR: odds ratio.

1 New addition tracts. t One of them was upper pole tract, the rest were lower pole tracts.

* New double J placement.  Chi square/Fisher test. # t-test. NA: not available.

Table 3.

Comparison between early (same admission) vs delayed second-look

PCNL (N = 72).

was the only independent predictor of residual fragments
(OR 6.49, 95% CI 1.65-25.52, p = 0.007) (Table 4).

Appendix Table 1.
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Variables (days, mean + SD) Total 53"}7‘ adr;;s)sion Re(a:“dmi‘:(s)i)on P Comparison of patient characteristics, stone parameters, and
= = perioperative factors between residual stone and stone-free groups
Interval between sessions 1991+1406 | 869342 | 28901282 | <004 after second-look PCNL.
Hospitalization 18.38£6.03 16.31 + 4.86 2003+642 | <0.01# Parameter Residual stone group Stone-free group P
Antibiotic course 17.46 £ 6.08 15.44 + 4,60 19.08 £ 6.67 | <0.01# (N=32) (N =40)
# ttest. Age 58.78+9.10 57.42 +11.56 0.58#
Male (N, %) 19 (59.37) 22 (55) 0.8
Obesity (N, %) 6(18.75) 7(175) 1"
aged conservatively. Table 2 demonstrates that the second- H!story CAORTETES RN %) 0 Ly
look procedure involved a greater use of multi-tract access History of PCNL (N, %) 1(3.3) 125 v
compared with the first PCNL (p = 0.018). Despite this, sSevere hydronephrosis (N, %) §(32 6(40) 029"
operative time and complication rates were comparable Staghor stone (N, %) 28(87.5) 2(725) 015"
between sessions (both p > 0.05). Postoperative morbidity, Nurmber of stones (N, %)
including fever, transfusion, and complication grade 0 One stone 12(375) 30(75) 0.003
remained low and showed no significant difference between 0 Two-five stones 6 (18.75) 3(15) 0177
sessions. When comparing patients who underwent early o More than five stones 14 (43.75) 7(175) 0,03
second-look PCNL during the same admission with those Stone locaton (N, %)
r_equllf?mg {eaidmlsﬁlc')ln (Tablk 3_), theddelayed g;oupbhad a o el 2 (6875) 2%(10) n
2%1; 1ia(r)1to >1 )onger ospitalization and course of antibiotics o idde pole (375 % 815) 045
Appendix Table 1 provides a comparative overview of the 0 Lowerl L) ) i) Ui
parameters observed between patients with residual Number of invaed calyces 538+ 19 420 +252 0.015#
stones and those achieving stone-free status after the sec- Stone density 1050.59 £ 214.96 1038.25 + 246.15 0824
ond-look PCNL. In univariate analysis, several factors Stone burden 954.70 £ 737.68 851.20 + 587.67 0.63#
were associated with residual stones after second-look New tract puncture (N, %) 4(125) 6 (15) 1A
PCNL, including more than five stones (p = 0.018) and Readmission (N, %) 18 (56.25) 22 (55) 1A
the number of involved calyces (p = 0.04). In the multi- N Chi square/Fisher test, st
variate logistic regression, having more than five stones
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DiscussioN

The primary aim of modern stone management is to
achieve maximal stone clearance while minimizing renal
injury (17, 18). PCNL remains the standard for large or
complex renal stones, balancing efficacy and renal preser-
vation (2-4). However, residual fragments are a frequent
challenge, often necessitating repeat procedures. In our
cohort, over 79% of patients had GSS grade 4, reflecting
high stone complexity. Similarly, Borofsky et al. identified
stone burden and limited access as key contributors to ini-
tial PCNL failure (7). Kumar et al. reported second-look
PCNL in 8.5% of cases, associated with high GSS, staghorn
stones, bleeding, perforation, and infection (5). Moeen et al.
also observed a 10.3% re-intervention rate, typically due to
significant residual stones or intraoperative complications
or suboptimal access (6). In our study, prolonged lithotrip-
sy, infection risk, and unsuitable target calyces were leading
causes of incomplete clearance. Thus, second-look PCNL is
often required due to combined stone complexity, anatom-
ical challenges, and intraoperative factors.

Managing residual fragments after PCNL remains a signif-
icant challenge and reported SFRs after second-look pro-
cedures vary. Dai et al. achieved 60.7% SFR using flexible
nephroscopy, while Kumar and Moeen reported higher
rates of 86.1% and 94.9%, respectively, especially with
adjunctive procedures (5, 6, 19). Borofsky et al. reached
97% SFR, though 65.5% required additional treatments
(7). In the randomized trial by Giiciik et dal., routine flexi-
ble nephroscopy improved SFR from 70% to 92.5%, and
Giannakopoulos et al. reported a 93.3% SFR after early sec-
ond-look flexible nephroscopy (20, 21). In contrast, our
SFR was 55.56%, likely reflecting greater anatomical and
stone complexity, characterized by large and multiple cal-
culi. Notably, many patients requiring a second-look pro-
cedure initially underwent single-tract PCNL despite high
stone complexity, which may have limited complete clear-
ance at the first session. During the second procedure,
restricted use of additional access tracts and reliance on
existing tracts — while reducing procedural risk — often
limited access to certain calyces and contributed to resid-
ual stones. Although operative times were comparable,
surgical strategies varied according to surgeon judgment.
In contrast to studies using flexible nephroscopy or endo-
scopic combined intrarenal surgery (ECIRS), our tract-based
approach reflects practice in resource-limited settings.
Importantly, most residual fragments were clinically
insignificant, located in inaccessible calyces, and managed
conservatively after substantial stone burden reduction.
Timing of re-intervention is also crucial. Kumar et al. noted
that over half of their second-look procedures occurred
during the same admission, and Moeen et al. advocated for
early re-intervention within the same hospital stay to opti-
mize outcomes (5, 6). Giannakopoulos et al. demonstrated
that performing second-look flexible nephroscopy within
2-4 days achieved high SFRs and was well tolerated (21).
In contrast, Borofsky et al. reported a median 48-day delay
between procedures (7), while Dai et al. did not specify the
interval (19). Consistent with prior reports, early second-
look PCNL significantly reduced hospitalization and
antibiotic duration. Early re-intervention shortens
nephrostomy indwelling time, reduces tract fibrosis, there-
by lowering infection risk, bacterial colonization, and the

need for prolonged antibiotic use, while also improving
patient comfort and reducing unplanned readmissions.
Consequently, early second-look PCNL facilitates faster
recovery and minimizes overall morbidity (5, 7).
Regarding safety, Borofsky et al. found no increase in com-
plication rates despite high re-intervention frequency (7),
while Kumar and Moeen demonstrated comparable or
even lower complication rates between first and second
sessions (5, 6). Similarly, in our series, transfusion, fever,
and Clavien-Dindo complication rates were not signifi-
cantly different between procedures, reinforcing the safe-
ty profile of second-look PCNL. Giannakopoulos et al. also
supported its favorable tolerance and low morbidity (21).
Second-look PCNL through established tracts is safe,
while individualized planning and selective use of addi-
tional access or adjunctive techniques, such as flexible
nephroscopy, may further enhance SFR.

Strengths of our study include a relatively large cohort of
second-look PCNL patients and its focus on a high-com-
plexity population. This offers valuable real-world insight
into outcomes in challenging cases. Importantly, our
analysis directly compared early versus delayed second-
look interventions.

Finally, our multivariate analysis identified independent
predictors of residual fragments, enabling more accurate
preoperative risk stratification and personalized surgical
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planning. This retrospective study has inherent limitations,
including potential selection bias, non-standardized timing
and surgical strategies, and the absence of repeat non-con-
trast CT before re-intervention, as residual stones were iden-
tified intraoperatively using fluoroscopy or nephroscopy.
Long-term outcomes and the impact of adjunctive treat-
ments were not evaluated, and techniques such as ECIRS or
flexible nephroscopy were not employed.

CoNCLUSIONS

In conclusion, second-look PCNL is a safe and feasible
option for managing residual stones after initial PCNL fail-
ure, particularly in complex cases. Early re-intervention
during the same admission improves recovery and
resource utilization, while careful preoperative assessment
and individualized surgical planning are essential to opti-
mize stone-free outcomes. Despite a modest SFR, results
were acceptable given the high stone complexity, with
more than five stones identified as an independent predic-
tor of residual fragments. The selective use of multiple
access tracts and adjunctive modalities such as flexible
nephroscopy or ECIRS may further enhance outcomes,
warranting confirmation in future prospective studies.
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