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Abstract

Introduction This article attempts to provide a comprehensive review of the learning objectives and importance of the
supine percutaneous nephrolithotomy (PCNL) technique.

Material method We retrospectively reviewed the cases of Supine PCNL between January 2018 and January 2024. We
divided the groups into 3: residents between 2 and 3 years (Group 1), residents between 4 and 5 years (Group 2), and endou-
rologist (Group 3). The 2—3-year resident started to perform PCNL for the first time, while the 4-5-year resident started to
perform Supine PCNL for the first time while previously performing prone PCNL.

Results Access, fluoroscopy, and operation time were higher in Group 1, shorter in Group 2, and shortest in Group 3
(»<0.001). Postoperative length of stay and the need for additional treatment were found to be shorter (p <0.001), and the
stone-free rate (SFR) increased (p < 0.001) from Group 1 to Group 3. The highest complication rates were observed in Group
1 (p=0.002). SFR rate increased as the number of cases increased in Group 1 patients. Success was stable after 46—60 cases
in terms of SFR. In Group 2, the SFR rate was stable after 31-45. cases. The most complications were observed in Group 1
and the least in Group 3.

Conclusion In 2-3-year residents, access time and fluoroscopy time decrease with experience. In 4-5-year residents, due to
their expertise in prone PCNL, the operation time and fluoroscopy time decrease with the number of cases performed. SFR
is higher after 4660 cases for 2-3-year residents and 3145 cases for 4-5-year residents.
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Introduction

In the evolving environment of urology, the adoption of
supine percutaneous nephrolithotomy (PCNL) is a signifi-
cant evolution in managing renal stone disease. Its poten-
tial to improve stone-free rate (SFR) is closely linked to the
skill level of the urologist performing the operation [1, 2].
This technique, distinguished by the patient’s positioning
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and the approach’s complexity, requires a rigorous analy-
sis of the learning curve to master this technique within the
framework of urological training programs [3]. Given the
challenges associated with high stone scores and variable
stone complexity, understanding the curve of skill acquisi-
tion in supine PCNL is crucial for the training of urologists
and patient outcomes regarding safety and efficacy [4-6].
This article attempts to provide a comprehensive review of
the learning objectives and importance of the supine PCNL
technique, assesses the learning curve, and provides a com-
parative analysis of supine PCNL, highlighting the nuances
of each approach in the context of urological training.

Material method
This study was approved by our institutional ethical review

committee (Decision No: 2023/09—46 Date: 10.10.2023).
All patients gave their written consent before participating
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in the study. We retrospectively reviewed the cases of Supine
PCNL between January 2018 and January 2024.

The procedure of the PCNL resident education and train-
ing program in our hospital is as follows: The first-year
resident does not primarily perform PCNL but observes
and assists the senior resident and endourologist in fluo-
roscopy-assisted PCNL. Second-year residents assist the
senior resident or the attending endourologist in the first
ten to fifteen cases. Then, they can perform PCNL primar-
ily under the supervision of the attending endourologis.
Second- and third-year residents can perform procedures
alone but always consult the attending endourologist in the
operational steps, and the endourologist is involved in the
procedure’s steps if necessary. 4-5th year residents perform
the primary PCNL operation; the attending endourologist is
present in the operating room, enters the case, and assists if
necessary.

Supine PCNL has been performed in our clinic since
2017. Before 2017, Prone PCNL was performed in patients
with stones larger than 2 cm. In our study, we divided the
groups into 3: residents between 2 and 3 years (Group 1),
residents between 4 and 5 years (Group 2), and endourolo-
gists (experienced specialists with > 5 years after board cer-
tification [Group 3]). In all three groups, the first 105 cases
eligible for inclusion criteria were evaluated since 2017,
when supine PCNL was started to be performed. Demo-
graphic data, intraoperative data, and stone characteristics
were compared between the three groups. Each group was
then divided into subgroups as the first 15 cases, 16-30th,
31-45th, 46-60th, 61-75th, 76-90th, and 91-105th cases, and
comparative analysis was performed again. In this study, the
1-3-year resident started to perform PCNL for the first time,
while the 4—5-year resident started to perform Supine PCNL
for the first time while previously performing prone PCNL.
A single surgeon performed supine PCNL in each group.

The most important point we paid attention to in the
patients we included in our study was the following: If the
surgeon in one group performed the case primarily, while
the surgeon in the other group joined in and completed the
case primarily instead, we excluded these patients from the
study. Exclusion criteria were as follows: Patients undergo-
ing Prone PCNL, patients with <2 cm stones, history of
neuromuscular disease, congenital renal anomaly, coagu-
lopathy, morbid obesity, and skeletal deformity.

Demographic data including age, gender, body mass
index (BMI), history of previous PCNL; preoperative
evaluations including the degree of hydronephrosis, stone
characteristics on a kidney-ureter-bladder radiograph, stone
complexity (using Guy Stone Score [GSS]), stone den-
sity, stone volume, stone-skin distance; intraoperative data
such as access, fluoroscopy, total operation time, number
of accessories; postoperative data such as length of hospital
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stay (LOS), residual stone status and complications, need
for additional treatment at 1-month follow-up and SFR were
obtained from electronic patient folders and recorded in a
database. The stone skin distance was calculated by mea-
suring the distance from the skin to the leading edge of the
stone at its largest diameter at a 45 angle from the horizon-
tal [7]. All patients had detailed medical history, physical
examination data, and laboratory data, including complete
blood count, serum biochemistry, coagulation profiles,
urinalysis, and urine culture results in the patient files. All
patients received prophylactic antibiotherapy with second-
generation cephalosporins. Antibiotic therapy was given
to patients with growth in preoperative urine culture until
sterile urine culture results were obtained. Stone complex-
ity was classified using GSS as grade I, II, III, and IV [8].
Stone density (Hounsfield Unit [HU]) was calculated by the
point value in the center of the stone. Stone volume was
determined using the ellipsoid formula (0.167 Xt XL X W
X H) [9]. Access time is defined as the time from anesthesia
induction to successful placement of access sheath. Opera-
tion time was determined as the time from the puncture of
the collecting system to the nephrostomy insertion [10].

Renal access time was defined as the time from retro-
grade pyelography to puncture of the desired calyx, expan-
sion of the tract with fascial dilators and placement of the
Amplatz sheath. Fluoroscopy time was measured as the total
fluoroscopy time used during the operation. The operation
time was measured as the period starting with the needle
puncture and finishing with the placement of the nephros-
tomy tube or JJ catheter. SFR was defined as the absence
of a residual stone on Non-Contrast Computer Tomography
(NCCT) 1 month after the operation or the largest stone size
of the residual stone <4 mm. Clavien-Dindo Classification
was used for complications [11].

Operation technique

After induction of general anesthesia, a 5 Fr ureteral cath-
eter was inserted into the renal pelvis with fluoroscopy in
the Galdakao-modified Valdivia position. The differences
between this position and complete supine are that the
patient’s side to be operated on is elevated and one leg is
opened to the side (Fig. 1A and B) [12]. Renal access was
obtained through the renal calyx with a fluoroscopy-guided
puncture needle (18 Gauge, Boston Scientific Corporation,
Natick, MA). After placement of the guide wire (SensorTM
Guide Wire, Boston Scientific), the tract was dilated using
Amplatz dilators and a 30 Fr Amplatz sheath (Karl Storz,
Tutlingen, Germany) was inserted. A 28 Fr nephroscope
was inserted through the Amplatz. Stone was directly iden-
tified and fragmented into smaller fragments using a 3.4 Fr
Pneumatic Lithotriptor (Vibrolity, Elmed, Ankara, Turkey)
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Fig. 1 A, B: Galdakao-modified Valdivia position in supine PCNL operation. C, D: Other steps of the fluoroscopy-guided operation

(Fig. 1C and D). After the decision to end the operation, an
8Fr nephrostomy tube was placed in all patients. In cases of
residual stone or suspicion, or collector system perforation
or suspicion, a 4.8Fr JJ catheter was inserted with the deci-
sion of the attending endourologist.

Statistical analysis

The data were evaluated in the statistical package program
IBM SPSS Statistics 25.0 (IBM Corp., Armonk, New York,
USA). The normal distribution of the data of numerical
variables was evaluated with the Shapiro Wilk normality
test and Q-0 graphs. Categorical variables were given as
frequency and percentage. Descriptive statistics are given
as Mean + Standard Deviation and Median (/QOR) values.
Homogeneity of group variances was evaluated with the
Levene test. Mann Whitney Utest was used to compare
two groups of independent continuous variables where the
normal distribution assumption was not met. Comparisons

of more than two independent groups were performed by
Kruskal Wallis test. In case of a difference as a result of
Kruskal Wallis test, Dunn-Bonferroni’s multiple compari-
son test was used. The relationship between categorical
variables was evaluated with the Pearson Chi-Square test in
r X c tables. A value of p <0.05 was considered statistically
significant.

Results

No difference was observed between the groups in terms
of the patients’ age, gender, BMI, and American Society of
Anesthesiologists (ASA) scores. There was also no differ-
ence between the groups in terms of stone structure, degree
of hydronephrosis, localisation of the stone, laterality of the
stone, stone volume and density, and stone-skin distance
among the findings obtained in preoperative radiological
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evaluations. Quantitative data on the demographic and
radiological findings of the patients are shown in Table 1.

Among the intraoperative results, access time, fluo-
roscopy time, and operation time were higher in Group
1, shorter in group 2, and shortest in Group 3 (p <0.001).
While the number of access was less in Group 1, it was sta-
tistically higher in Group 2 and Group 3 (p=0.002). JJ stent
placement was higher in group 1 patients but statistically
decreased from group 1 to group 3 (p<0.001). Postopera-
tive LOS and the need for additional treatment were found
to be shorter (»p<0.001), and SFR increased (p<0.001)
from Group 1 to Group 3. Regarding complications, the
highest complication rates were observed in Group 1, while
fewer complications were observed in Group 3 (p=0.002).
Quantitative data on intraoperative and postoperative results
of the patients are shown in Table 2.

When the relationship between the learning curve groups
(groups of first 15 cases) and intraoperative times was ana-
lyzed, no statistical difference was observed in terms of
the access time. However, the access time decreased as the
number of cases increased in Group 1 and Group 3 patients.
In Group 2, the access time was 10.54+3.5 min in cases
0—15 and 7.2 + 1.2 min in cases 91-105, and it was observed
that it decreased between each subgroup and stabilized after
cases 91-105 (p=0.023). The operation time in Group 1 was
142.2+29 min in 0-15. cases, 110.9+31.2 min in 46-60.

Table 1 Comparison of demographic, stone radiologic characteristics

cases, 98.8+15.5 min in 91-105. cases and although the
operation time decreased after 46—60. cases, it was statisti-
cally stable (p<0.001). Fluoroscopy time decreased as the
number of cases increased in all groups; we could not find
a statistically significant decrease in the first 105 cases. The
findings of the operation times and learning curve groups
are shown in Table 3; Figs. 2 and 3-4.

When the learning curve groups and SFR rates were ana-
lyzed, the SFR rate progressively increased as the number
of cases increased in Group 1 patients. Success was stable
after 46-60. cases in terms of SFR. In Group 2, the SFR
rate was stable after 31-45. cases. There was no statistical
difference between the number of cases and SFR in Group
3 patients. The relationships between the groups regarding
SFR and the learning curve are shown in Table 4; Fig. 4.

More complications were found in Group | than in
Group 2 and more in Group 2 than in Group 3. According
to the Clavien-Dindo classification, complication grades
(1-2-3 A-3B) decreased with experience. Grade 3 A-3B-4
and 5 complications were not observed in Group 3, and
Grade 3B-4 and 5 complications were not observed in
Group 2. In the learning curve groups, it was observed that
complication rates varied in each group in grade 1 compli-
cations, but grade 2-3 A-3B complications decreased with
the number of cases in the learning curve groups. The find-
ings related to complications are shown in Tables 5 and 6.

Group 1 Group 2 Group 3 Total

(n=105) (n=105) (n=105) (n=315)

Mean +SD Mean +SD Mean +SD Mean +SD pvalue
Age (years) 45.12+13.84 44.29+13.34 44.48 £14.37 44.63+13.82 0.869"
BMI (kg/m?) 24.73 +4.00 25.08 +4.24 25.02+3.88 24.94+4.03 0.851F
Sex (M/F) n (%) 67 (63.8) /38 (36.2) 63 (60.0)/42(40.0) 69 (65.7) /36 (34.3) 199 (63.2) /116 (36.8)  0.682"
ASA n (%)
1 37 (35.2) 43 (41.0) 42 (40.0) 122 (38.7) 0.482"
2 57 (54.3) 57 (54.3) 52 (49.5) 166 (52.7)
3 11 (10.5) 5(4.8) 11 (10.5) 27 (8.6)
Degree of hydronephrosis 7 (%)
0 53 (50.5) 56 (53.3) 53 (50.5) 162 (51.4) 0.917"
1 42 (40.0) 40 (38.1) 45 (42.9) 127 (40.3)
2 10 (9.5) 9(8.6) 7(6.7) 26 (8.3)
Structure of the stone
Opaque 78 (74.3) 90 (85.7) 84 (80.0) 252 (80.0) 0.221"
Semi opaque 20 (19.0) 12 (11.4) 13 (12.4) 45 (14.3)
Non-opaque 7(6.7) 329 8(7.6) 18 (5.7)
Guy’s Stone Score
Grade 1 31(29.5) 30 (28.6) 32(30.5) 93 (29.5) 0.876"
Grade 2 31(29.5) 39 (37.1) 34 (32.4) 104 (33.0)
Grade 3 31(29.5) 26 (24.8) 25(23.8) 82 (26.0)
Grade 4 12 (11.4) 10 (9.5) 14 (13.3) 36 (11.4)
Stone Side (Left/Right) 47 (44.8) /58 (55.2) 47 (44.8)/58(55.2)  52(49.5)/53 (50.5) 146 (46.3) /169 (53.7)  0.727"
Stone Volume (mm?) 20301.67+17080.26  20410.87+18387.25  25245.92+28359.20 21986.15+21915.99 0.954*
Stone density (HU) 941.94 +305.49 1011.41+289.59 1018.46 +340.80 990.60+312.39 0.118*
Stone skin distance (cm) 10.79+2.35 10.83+2.42 10.70+2.30 10.77 +£2.35 0.906*
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Table 2 Comparison of perioperative and postoperative data
Group 1 Group 2 Group 3 Total
(n=105) (n=105) (n=105) (n=315)
Mean +SD Mean+SD Mean=+SD Mean +SD pvalue
Access time 13.40+3.62 8.45+2.76 6.48 +2.21 9.44+4.12 <0.001*
Fluoroscopy screening time (min) 8.63+2.99 5.21+2.23 2.02+0.95 5.28+3.50 <0.0017"
Operation time (min) 115.95+28.7 89.48+23.4 69.70+12.2 91.71+29.40 <0.0017"
Access count (1/2) n (%) 101 (96.2)“/4 95(90.5)*?/10  85(81.0)?/20 281 (89.2) /34 (10.8) 0.002"
(3.8)¢ 9.5) 4" (19.0)°
DJ stent insertion n (%) 44 (41.9)¢ 34 (32.4)¢ 8(7.6)° 229 (72.7)/ 86 (27.3) <0.001"
Clavien Dindo 7 (%)
1 33 (31.4)¢ 24 (22.9)¢ 11 (10.5)® 68 (21.6) 0.002"
2 10 (9.5) ¢ 6(5.7)¢ 547 21 (6.6)
3A 4(3.8)¢ 3(2.8)¢ 0(0.0)“ 7(2.2)
3B 1(1.0)¢ 0(0.0)¢ 0(0.0)“ 1(0.3)
Length of stay in hospital (days) 3.72+1.61 2.85+1.31 1.66+1.12 2.74+1.60 <0.0017"
Stone Free Rate n (%) 51(48.6) ¢ 71 (67.6)° 97 (92.4) ¢ 219 (69.5) /96 (30.5) <0.001"
Additional treatment (n (%) 30 (28.6) ¢ 27(25.7)¢ 7(6.7)° 64 (20.3) <0.001"
Additional type of treatment n (%)
ESWL 9(8.6)¢ 329¢ 2(1.9)¢ 14 (4.4) <0.001"
F-URS-URS 11 (10.5)*? 15(14.3)° 4(3.8)¢ 30 (9.5)
PCNL 10 (9.5) ¢ 9(8.6)¢ 1(1.0)° 20 (6.3)

*+ Kruskal Wallis test; “Pearson Chi-Square test

Table 3 Comparison of mean accessory, operative and fluoroscopic times of PCNL operation between groups for each of the 15 patient groups

Group 1 Group 2 Group 3
Cases Access Operation time Fluoros- Access Operation Fluoros- Access Operation Fluoros-
time (min) (min) copy time  time (min) time (min) copy time time (min) time (min) copy time
Mean+SD Mean+SD (min) Mean+SD Mean+SD (min) Mean+SD Mean+SD (min)
Mean +SD Mean +SD Mean +SD
1-15 (1) 15+2.9 142.2+29 11.20+3.97 10.5+3.5 101+39 6.93+191 6.7+1.6 742+114 1.7+0.38
16-30 (2) 13.5+25 1284+33 9.93+3.61 94426 90.8+21.6 533+2.32 6.8+23 653+9.7 22+1.08
31-45 (3) 13.+3.3 120.9+30 8.47+3.29 83+2.6 91.8+223 5.00+2.45 64+25 65.6+84 22+1.08
46-60 (4) 122+22 110.9+31. 793+194 82+14 87.1+192 493+1.79 62+23 70.7+7.4 1.8+0.8
61-75 (5) 133+35 1059+149 7.73+1.83 7.8+£33 85.5+22.1 4.80+2.43 6+2 68.4+88 21+1.1
7690 (6) 13.9+45 1044x16.2 7.60+1.88 7.5+2.5 85+13.8 5.+2.1 63+24 68.+7.1 1.9+0.8
91-105 (7) 12.6+52 98.8+15.5 753+188 72+12 84.4+155 4.47+2.06 6.7+24 75.5+22.8 2.1+0.7
pvaluet 0.102 <0.001 0.515 0.023 0.947 0.064 0.944 0.756 0.167
Multiple 1-4 p=0.015 1-7
Comparisons 1-5 p=0.007 p=0.033
1-6 p=0.011
1-7 p<0.001
2-7p=0.014
Discussion acquire the necessary skills to navigate the complex anat-

A limited number of articles in the literature regarding the
supine PCNL learning curve exist. These studies were per-
formed by surgeons with no previous PCNL experience.
Our study is the first in the literature to include data on the
learning curve of surgeons with no previous PCNL experi-
ence and data on the learning curve of surgeons with prone
PCNL experience but no supine PCNL experience.
Although the supine position has gained popularity
due to its potential advantages, performing this operation
requires a significant learning curve [6, 13]. Surgeons must

omy of the kidney, use appropriate instruments, and manage
potential complications [14]. The learning curve for PCNL
is a topic of ongoing research, as it may affect patient out-
comes and surgical efficiency [15]. Different outcomes have
been obtained in various studies examining the learning
curve for PCNL. Still, most of the studies are related to the
prone position and studies related to the learning curve in
the supine position are quite limited [6, 15-23].

The most important parameters considered in the
PCNL learning curve are the operation time (accessory
time, fluoroscopy time and total operation time), SFR and
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Fig.2 Mean access time (min-

utes) with 95% CI
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Fig.3 Mean operation time (min-
utes) with 95% CI
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complication [16, 23, 24]. The operation’s main step affect-
ing surgical success is providing access to the calyx of the
kidney [26]. Urologists in training programs need to learn
how to perform percutaneous renal access safely; however,
there is still a need for defined parameters for renal access
training [27]. These parameters are the access methods and
time. Fluoroscopy- and ultrasound-guided access methods
are available [27]. In the literature on puncture and access
time, Negrete-Pulido et al. [21] showed that access time
decreased from 7.67 min for the first 20 cases to 4.69 min
for the 61st to 82nd cases and reported that the success
rate increased from 82.5 to 97.6% after 40 PCNL accesses.
Sahan et al. [24] reported in their study on supine mini
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3145 46-60 61-75  76-90 91-105

Cases

PCNL that the access time was 14 min in the first 15 cases
and decreased to 6.5 min after 61-75th cases. Birowo et al.
[6] related to supine PCNL access [6], on the other hand,
showed that the access time decreased significantly and sur-
gical competence increased after 20 urologist interventions.
In our study, while the access time was the longest in Group
1 cases, it was the shortest in Group 3. In the learning curve
groups, although the accessory time decreased with experi-
ence in the 2-3-year resident group, we could not obtain
a predictive value related to the learning curve in the first
105 cases. In the 4-5-year resident group, accessory times
decreased significantly with experience, and having previ-
ous Prone PCNL experience made it easier to provide access
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Table 4 Comparison of SFR ratio between groups in each of the 15 patient groups

Groups Comparisons
Stone-free rates Group 1 Group 2 Group 3 A-C B-C

n (%) n (%) n (%) pvalue pvalue
1-15 (1) 4(26.7) 8(53.3) 12 (80.0) 0.010 0.245
16-30 (2) 5(33.3) 9 (60.0) 14 (93.3) 0.002 0.080
31-45(3) 7 (46.7) 10 (66.7) 15 (100.0) 0.002 0.042
46-60 (4) 8 (53.3) 10 (66.7) 14 (93.3) 0.035 0.169
61-75 (5) 8(53.3) 11 (73.3) 14 (93.3) 0.035 0.330
7690 (6) 9 (60.0) 11 (73.3) 15 (100.0) 0.017 0.100
91-105 (7) 10 (66.7) 12 (80.0) 13 (86.7) 0.390 1.000
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Table 5 Comparison of complications according to Clavien-Dindo classification between groups
Cases Group 1 Group 2 Group 3
Clavien Dindo 1 2 3A 3B 1 2 3A 1 2
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
1-15 5(33.3) 2 (13.3) 1(6.7) 1(6.7) 5(33.3) 2 (13.3) 1(6.7) 1(6.7) 0(0.0)
16-30 4(26.7) 2 (13.3) 1(6.7) 0(0.0) 4 (26.7) 1(6.7) 1(6.7) 2 (13.3) 1(6.7)
31-45 4(26.7) 2(13.3) 1 (6.7) 0(0.0) 4(26.7) 1 (6.7) 1 (6.7) 2(13.3) 1(6.7)
46-60 6 (40.0) 1(6.7) 1(6.7) 0(0.0) 4 (26.7) 1(6.7) 0(0.0) 3(20.0) 1(6.7)
61-75 6 (40.0) 1(6.7) 0(0.0) 0(0.0) 3 (20.0) 1(6.7) 0(0.0) 1(6.7) 1(6.7)
76-90 5(33.3) 1(6.7) 0(0.0) 0(0.0) 2 (13.3) 0(0.0) 0(0.0) 2 (13.3) 0(0.0)
91-105 3(20.0) 1(6.7) 0(0.0) 0(0.0) 2 (13.3) 0(0.0) 0(0.0) 0(0.0) 1(6.7)
Total 33 (31.4) 10 (9.5) 4(3.8) 1(1.0) 24 (22.9) 6(5.7) 3(2.8) 11 (10.5) 5(4.7)
Table 6 Complications and percentages by groups
Group 1 Group 2 Group 3 Total
Fever (Grade 1) 10 (9.5) 8(7.6) 5(4.8) 23
(7.3)
Pain management with opioids (Grade 1) 15 (14.3) 10 (9.5) 4(3.8) 29
9.2)
Renal dysfunction improved with fluid therapy (Grade 1) 4(3.8) 2(1.9) 2(1.9) 8(2.5)
Urinary retention due to hematuria resolved with catheterization (Grade 1) 2(1.9) 1(1) 0(0) 3(1)
Bleeding controlled by nephrostomy clamping (Grade 1) 0(0) 2(1.9) 0(0) 2 (0.6)
Nephrostomy displacement managed by watchful waiting (Grade 1) 2(1.9) 1(1) 0(0) 3()
Bleeding requiring transfusion (Grade 2) 4(3.8) 2(1.9) 2(1.9) 8(2.5)
Sepsis (Grade 2) 4(3.8) 2(1.9) 2(1.9) 8(2.5)
Desaturation with oxygen demand (Grade 2) 2(1.9) 1(1) 1(1) 4(1.3)
Conservatively treated ileus (Grade 2) 0(0) 1(1) 0(0) 1(0.3)
Pneumothorax managed by intercostal draining under local anaesthesia (Grade 3 A) 1 (1) 0(0) 0(0) 1(0.3)
JJ stent placement without general anesthesia (due to urinary leakage, pelvic perforation or 3 (2.9) 3(2.9) 0(0) 6(1.9)
stent misplacement) (Grade 3 A)
Bleeding requiring angioembolization (Grade 3B) 1(1) 0(0) 0(0) 1(0.3)

in supine PCNL. It was observed that they completed their
learning curve for access from 16 to 30 cases.

The fluoroscopy time of Ziaee et al. [22] decreased from
an average of 17.5 min in the first 15 cases to an average
of 8.9 min in the 60th case. Allen et al. [15] decreased the
fluoroscopy time from 9.93 min at the beginning to 3.85 min
in 100115 cases in their series of 155 PCNL cases. Negrete-
Pulido et al. [21] reported that the fluoroscopy time decreased
from 4.73 min in the first 20 cases to 2.03 min after 40 punc-
tures and plateaued after 40 cases. Tanriverdi et al. [16]
observed that the mean fluoroscopy time was 17.5 min in
0-15 cases and decreased to 8.92 min after 46-60th cases and
stated that although the fluoroscopy time decreased as the
number of cases increased, it was not statistically significant.
Sahan et al. [24] found that the fluoroscopy time decreased
as the number of cases increased, but this was not statisti-
cally significant. In our study, there was a statistical differ-
ence between the groups regarding fluoroscopy time (Group
1: 8.63 +£2.99 min vs. Group 2: 5.21 +2.23 min vs. Group 3:
2.0240.95 min). Still, in terms of the relationship between
the learning curve and fluoroscopy time, similar to Sahan et
al. [24], it was observed that the fluoroscopy time decreased
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as the number of cases increased, but this was not statisti-
cally significant. Our study did not obtain any cut-off value
for fluoroscopy time in the first 105 cases in all three groups.

The most important clinical factor for the patient and the
surgeon in stone surgery is achieving SFR. In studies evaluat-
ing SFR in patients undergoing PCNL related to the learn-
ing curve, Ziaee et al. [22] reported that SFR was stable after
105 cases, Jessen et al. [28] after 30—40 cases, and Yu et al.
[29] after 120 cases. Bucuras et al. [23] studied 149 cases
related to the supine PCNL learning curve and found a sig-
nificant difference in SFR between 0 and 40 and the last 40
cases. After 40 cases, they reported that supine PCNL can be
performed safely. Sahan et al. [24] reported a 93.3% SFR in
cases 46—75. In our study, SFR rates were 48.6% in Group 1,
67.6% in Group 2, and 92.4% in Group 3, and it was observed
that SFR increased significantly with experience. In the learn-
ing curve groups regarding SFR, in Group 1, SFR was stable
after 46-60th cases, and SFR increased again after 76-90
cases, while in Group 2, SFR was stable after 31-45 cases.
Our study also observed that because of more experience in
Group 3, more accesses were performed to obtain SFR (two
accesses rate: 19%). The surgeon needed less JJ placement
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because of the high SFR obtained (7.6%). In 2-3-year resi-
dents, the rate of two accesses was 3.8%, and the rate of JJ
stent placement was 41.9%. In 4-5-year residents, these rates
were 9.5% and 32.4%, respectively. The rates of patients
who could not achieve SFR and required additional treat-
ment were 28.6%, 25.7% and 6.7% from Group 1 to Group 3,
respectively. The most common additional treatment modal-
ity in each group was ureterorenoscopic procedures.
Complication rates may be higher at the beginning of
the learning process, and the complication rate tends to
decrease with experience. Complications are essential to
evaluate the safety and efficacy of the training process [6,
25]. In PCNL-learning curve studies [15-24], more arti-
cles have been written on hemoglobin level drop and the
need for blood transfusion, and the Clavien-Dindo clas-
sification has been used less. We evaluated our complica-
tions using the Clavien-Dindo classification. Garg et al.
[18] reported that complications decreased according to
the Clavien-Dindo classification as experience increased in
their study on complications developing during the PCNL
learning curve. Yu et al. [29] reported that all Clavien>2
complications occurred in their study’s first 60 cases in the
patient groups. Zieaa et al. [22] reported that complications
decreased significantly after the first 45 cases. Sahan et al.
[24] reported that Clavien>2 complications occurred in
the first 30 cases in supine PCNL. In our study, complica-
tion rates were lowest in Group 3 patients and highest in
Group 1 patients (Group 1: 45.8%, Group 2: 31.5%, Group
3: 15.3%). Clavien 3 A and complications were not seen
in 61-75 cases for 1-3-year residents and 46—60 cases for
4—5-year residents. Clavien 3B complications were not seen
in 4-5-year residents and the endourologist group, while in
2-3-year residents, they started to be seen from the 16-30th
cases. Clavien 4 and 5 complications were not detected in
any group. In a meta-analysis, the incidence of complica-
tions such as fever and sepsis in PCNL was found to be
9.5% [29]. In our study, fever was observed in 23 (7.3%)
patients and sepsis was observed in 8 (2.5%) patients. In
addition, LOS was 3.7 + 1.6 days in Group 1, 2.8 + 1.3 days
in Group 2 and 1.6+ 1.1 days in Group 3. The longer hos-
pitalization in Group 1 may be due to more complications.
Our study has some limitations. The first is that the results
belong to the learning curve of a single surgeon in each group
and may not be valid for surgeons in other operating environ-
ments. The second limitation is the small patient volume. The
third limitation is that we did not record the number of attempts to
access the kidney during the accessory procedure. Of course, our
most important limitation is the retrospective nature of the study.
Prospective randomized designed studies would be much more
appropriate to evaluate resident education and learning curve. In
addition, when a surgeon from another group is involved and
completes the primary case, excluding these patients shows that

the SFR and complication rates are relatively high in Groups 1
and 2. However, this situation also shows how important patient-
surgeon selection is. In patients with more complicated stones
and comorbidities, having more experienced surgeons perform
the procedure primarily will improve the results of the surgery.
This principle should always remain a situation that should be
considered in the resident training process. The results of our
study have changed our clinical approaches in this direction and
have the potential to change them in others.

Conclusion

Our study is the first in the literature in which urologists who
started PCNL training first and urologists with previous prone
PCNL experience who started supine PCNL training for the
first time were evaluated and compared. In 2-3-year resi-
dents, access time and fluoroscopy time decrease with expe-
rience. Still, we think they do not reach competence in the
first 105 cases but reach adequacy after 46—60. cases in terms
of operation time. In 4-5-year residents, due to their expe-
rience in prone PCNL, the operation time and fluoroscopy
time decrease with the number of cases performed supine
PCNL. We think they reached an adequate access time after
the 16-30th case. SFR is higher after 4660 cases for 2-3-year
residents and after 31-45 cases for 4-5-year residents.
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