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ABSTRACT 
Background: Percutaneous nephrolithotomy was usually practiced in prone position. However, there is a recent shift towards 

supine position. This shift needs a continuous practice to increase the surgeon’s learning curve. 
Aims: To give an insight into the learning curve of a single surgeon, capable of doing percutaneous nephrolithotomy in the 

conventional prone position, during his transition to the supine one using different indicators. 
Materials and Methods: This study included 80 procedures, equally divided into 4 groups and the following endpoints were 

recorded and compared among groups: operation and fluoroscopic screening times, volume of the irrigant fluid 
consumed, postoperative length of hospital stay, stone clearance rate and procedure related morbidity. 

Results: The mean operation and fluoroscope screening durations showed a statistically significant decline with time. The 
operative time drop from 117 minutes at the beginning to about the half [60 minutes] after sixth months and 
working with 80 patients. The fluoroscopy time declined from 3.5 minutes at the beginning to 1.5 minute at the 
end. Our stone clearance rate continued to improve among groups [with advancement of learning curve] [P = 
0.034] without approaching the plateau. Also for other indicators [volume of the irrigant fluid consumed, 
postoperative length of hospital stay and complications], all showed statistical significant reduction with 
increased learning curve [P < 0.0001]. 

Conclusions: Operative time and stone clearance rate continued improvement with increasing learning curve. However, the 
volume of irrigation fluid, rate and grade of complications and length of postoperative stay reached its plateau 
after 40 procedures. 

 

Keywords:Conventional Prone Position; Learning Curve; Modified Flank Free Supine Position; 
Percutaneous Nephrolithotomy; Urinary Stones.   
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INTRODUCTION 

Percutaneous Nephrolithotomy [PCNL] was 
first reported in 1976 by Fernström and 
Johansson[1][1]. Since then, it remains as a 
fascinating and powerful procedure always 
available for the treatment of large upper urinary 
tract stones. PCNL was first performed in the 
classical prone position that was generally adopted 
as the standard technique[2][2]. However, the 
conventional prone position has some drawbacks 
that derived urologists to look for alternative 
positions[3][3]. Many positions and modifications 
were proposed, including the supine position[4][4]. 

Although the first description of supine PCNL 
was published almost 30 years ago[5][5], its 
popularity has been gained in over the past 10-15 
years when its benefits become more and more 
apparent[6]. Supine PCNL was first included in 
European Association of Urology [EAU] guidelines 
in 2012[7]. Before embarking on a new surgical 
technique, it is fundamental to define its “learning 
curve,” that is, to determine the mean number of 
procedures an inexperienced surgeon needs to 
perform to be proficient in performing this kind of 
surgery competently[8][8]. To the best of our 
knowledge, only a handful of studies have been 
published aiming to evaluate the learning curve for 
PCNL. In these studies, many variables were used 
as markers to assess surgical competence. These 
variables included outcome measures (the stone-
free rate[9] and complication rate)[9] and treatment 
variables (the duration of surgery and 
fluoroscopy)[10][10]. However, there is still no 
consensus regarding the best practical clinical 
surrogate markers of performance in PCNL 
operations[11]. 

AIM OF THE WORK 

The aim of this study is to determine the 
learning curve of a single surgeon, competent in 
doing PCNL in the conventional prone position, 
when shifted to the supine one, particularly the 
modified flank free using the following clinical 
endpoints: economic efficiency (operation and 
fluoroscopic screening times, the volume of the 
irrigant fluid consumed and postoperative length of 
hospital stay), effectiveness (stone clearance rate), 
and Procedure-Related Morbidity (reduction in 
hemoglobin concentration, blood transfusion, and 

complication rates), as indicators of performance. 

PATIENTS AND METHODS 

The present study is a prospective one. It 
included 80 consecutive PCNL procedures, 
randomly clustered over the period between March 
and November 2019. Informed consent has been 
obtained from all participants before the operation, 
and the protocol for this research project has been 
approved by our institutional review board [IRB: 
0001236719-10-10]. 

Exclusion criteria included: Children (< 18 
years); Patients with renal anomalies (congenital 
or acquired) or skeletal abnormalities that might 
interfere with proper patient positioning, and; 
Patients with uncorrectable coagulopathies or 
severe associated co-morbid condition. The basic 
preoperative workups included: full history, clinical 
examination, biochemical and hematologic 
profiles, including urine cultures. 

The presence of the stone and its 
characteristics (side, site, number, size, and 
complexity) were evaluated with a plain abdominal 
radiography (KUB film), gray-scale abdomino-
pelvic Ultra-Sound Scan (USS), excretory 
intravenous urography (IVU), and non-contrast 
abdominopelvic spiral computed tomography scan 
(NCCT). The size of stones was determined by 
using their largest and smallest diameter. In cases 
with multiple stones, the sum of the largest and 
smallest diameter of each stone was used. In 
order to calculate the surface area (SA) of the 
stone, the following equation formulated by 
Tiselius and Andersson[12] [12] was used, where L 
is length (the largest diameter), and w corresponds 
to width (the smallest diameter): (SA = Lwπ0.25). 
For stone complexity grading, the “Guy's stone 
score” was used [13]. 

Antibiotics were given for at least five days 
before surgery based on the antibiogram results, 
and anesthetic risk assessment according to the 
American Society of Anesthesiologists (ASA) was 
performed the night of surgery. 

All procedures were performed under general 
anesthesia by a single surgeon proctored by a 
senior fellow in the modified flank free supine 
position. With the patient in the dorsal lithotomy 
position, a 6- Fr open tipped ureteric catheter was 
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inserted in the ipsilateral ureter. Then, two saline 
bags were placed, one under the ipsilateral chest 
and another under the buttocks, thus the patient is 
tilted to ~ 20˚. The flank at the surgery site was 
brought to the edge of the operating table away 
from the radiopaque part to avoid overlapping. The 
ipsilateral leg was placed straight with a cushion 
under the knee to avoid stretch. The contralateral 
leg was placed in an abducted and flexed position 
over the table. Percutaneous access was achieved 
under fluoroscopic (C-arm) guidance using an 18-
gauge needle. The puncture site was just below 
the lateral end of the 12th rib and slightly medial to 
the posterior axillary line. Tract dilatation was 
accomplished using the Amplatz system dilators. 
The tract was dilated to 30 Fr before placement of 
an Amplatz sheath in the collecting system. 
Fragmentation and stone removal were 
accomplished in all patients with Pneumatic 
lithoclast and stone grasping forceps through 
standard 26 Fr rigid nephroscope. Stone clearance 
was determined by a combination of fluoroscopy 
and rigid nephroscope at the end of the procedure. 
The operations were completed when residual 
fragments were not detected on fluoroscopic 
imaging and rigid nephroscopic control [26-Fr Karl 
Storz rigid Nephroscope]. Additional tracts were 
established when necessary, using the same 
access technique, according to the stone burden 
and calyceal anatomy with the aim of maximum 
stone clearance. After completion, the Amplatz 
sheath was withdrawn out of the collecting system 
after insertion of a nephrostomy tube through 
which an antegrade nephrography was done to 
ensure no extravasation and no colonic injury. The 
ureteric catheter was replaced by JJ ureteric stent 
if there were retained calculi and/or extravasation 
on nephrography. 

Two-Hour post-operative, complete blood count 
[CBC] was sampled, and on the first post-operative 
day, all the patients had CBC, serum creatinine 
[S.Cr.], and radiologic evaluation for residual 
stones by KUB film and USS. PCNL was 
considered successful if the kidney was completely 
free of stones or intrarenal residual fragments 
were smaller than 5 mm (CIRF; Clinically 
Insignificant Residual Fragment). Any detectable 
residual stones ≥ 5mm were considered 
significant. 

The 80 procedures were divided, based on 
their chronological order, into 4 groups, 20 
procedures each. In order to determine the 
learning curve, the following outcome measures 
were recorded and compared among the groups: 
economic efficiency (operation and fluoroscopic 
screening times, the volume of the irrigant fluid 
consumed and postoperative length of hospital 
stay), effectiveness (stone clearance rate), and 
Procedure-Related Morbidity (reduction in 
hemoglobin concentration, blood transfusion, and 
complication rates). Complications were graded 
according to the modified Clavien system[14,15] [14], 

[15]. 

At the end of the study, data were collected and 
statistically analyzed using appropriate statistical 
tests and analytic programs (statistical package for 
social science SPSS) software, version 18 [IBM® 
SPSS®, Inc., Chicago, USA]. Data presented as 
the arithmetic mean, standard deviation, 
frequencies, and percentage for quantitative and 
qualitative data as appropriate. Statistical 
significance was considered with the two-sided P 
value of less than 0.05. Repeated one-way 
analysis of variance was calculated to track 
changes over time.  

RESULTS 

The patients' demographic data and the 
characteristics of the treated stones in each group 
are detailed in table 1. The operation time was 
derived from the anesthesia chart and defined as 
the time elapsed in minutes from the induction of 
anesthesia till the insertion of the nephrostomy 
tube. The operation time decreased from the mean 
of 117.1 minutes for the first 20 procedures to 91.9 
minutes for the next 20s, and thereafter, further 
decreased to 79.4 minutes for the 41st to 60th to 
reach 60.5 minutes for the last group. This pattern 
of decline was statistically significant (P < 0.0001) 
(Figure 1).  

Regarding the volume of the irrigant fluid 
consumed, as depicted in figure 2, it declined from 
30.5 liters for the first group to 14.5 liters for the 
second group to reach 9.85 liters in the third one. 
Afterward, a little fluctuation was observed for the 
fourth group. This pattern was also statistically 
significant (P < 0.0001). Considering fluoroscopy 
time and mean a drop in hemoglobin, as shown in 
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figure 3, both were markedly decreased with an 
increased learning curve (P<0.0001). As regards 
the stone clearance rate, as shown in figure 4, it 
continued to increase progressively from the first 
to the fourth 20 cases (P=0.034), without reaching 

a plateau. Also, for the postoperative length of 
hospital stay, complications, and blood transfusion 
rates, as presented in table 2, all showed a 
significant decrease with an increased learning 
curve (P < 0.0001). 

 

Table [1]: Patients' Demographic and Stone Characteristics 
Variable  First 20 Second 20 Third 20 Fourth 20 F P 

Age 46.9±9.8 44.9±10.4 48.4±8.8 44.65±8.07 0.71 0.548 

Sex  Male  12[60.0%] 14[70.0%] 9[45.0%] 10[50.0%] 2.99 0.39 

Female  8[40.0%] 6[30.0%] 11[55.0%] 10[50.0%] 

BMI† 30.3±8.5 28.8±6.1 32.5±6.2 30.8±5.1 1.06 0.36 

Previous kidney surgery  Yes  6[30.0%] 4[20.0%] 2[10.0%] 4[20.0%] 2.50 0.47 

No 14[70.0%] 16[80.0%] 18[90.0%] 16[80.0%] 

Stone side Right  14[70.0%] 9[45.0%] 10[50.0%] 13[65.0%] 3.47 0.32 

Left  6[30.0%] 11[55.0%] 10[50.0%] 7[35.0%] 

Stone multiplicity Multiple  11[55.0%] 8[40.0%] 9[45.0%] 5[25.0%] 3.86 0.27 

Single  9[45.0%] 12[60.0%] 11[55.0%] 15[75.0%] 

Grading of Stone  
Complexity 

Grade I 4[20.0%] 6[30.0%] 1[5.0%] 14[70.0%] 45.19 <0.001* 

Grade II 0[0.0%] 10[50.0%] 9[45.0%] 6[30.0%] 

Grade III 12[60.0%] 4[20.0%] 7[35.0%] 0[0.0%] 

Grade IV 4[20.0%] 0[0.0%] 3[15.0%] 0[0.0%] 

Radio-opacity Lucent  9[45.0%] 4[20.0%] 8[40.0%] 3[15.0%] 6.19 0.11 

Opaque  11[55.0%] 16[80.0%] 12[60.0%] 17[85.0%] 

Stone No.‡ 2.6±1.7 2.2±1.9 2.15±1.84 1.8±1.5;1.0-
5.0 

0.62 0.603 

Stone SA§ 597±214 442.2±100.7 484.23±117.4 348.9±87.6 11.01 <0.001* 

Stone length 43.9±16.0 36.4±12.8 41.6±9.6 28.9±7.6 6.18 0.001* 
† BMI; Body Mass Index; ‡ No.; Number; § SA; Surface Area. 
 

Table [2]: Operative and Postoperative Data according to Patients’ Groups 
Variable  First 20 Second 20 Third 20 Fourth 20 F P 

Puncture No.† Single 3 [15%] 4 [20%] --- 5 [25%] 5.49 0.13 

Multiple 17 [85%] 16 [80%] 20 [100%] 15 [75%] 

Irrigating fluid volume 30.5±2.8 14.5±6.8 9.85±1.57 9.1±1.4 135.95 <0.001* 

Operative time  117.1±14.6 91.9±17.5 79.4±13.4 60.5±13.8 50.76 <0.001* 

Reduction in HB ‡ concentration  2.84±0.63 1.9±0.6 1.10±0.15 0.97±0.13 79.77 <0.001* 

Fluoroscopy time 3.60±0.70 2.5±0.5 1.78±0.62 1.48±0.60 48.03 <0.001* 

Stone Clearance 
Rate 

Stone free + CIRF § < 5mm  7[35.0%] 10[50.0%] 12[60.0%] 16[80.0%] 8.68 0.034* 

Residual stone ≥ 5mm 13[65.0%] 10[50.0%] 8[40.0%] 4[20.0%] 

PO ¥ rise in serum creatinine  11[55.0%] 4[20.0%] 4[20.0%] 3[15.0%] 10.28 0.016* 

Urine leak  8[40.0%] 3[15.0%] 2[10.0%] 2[10.0%] 8.12 0.040* 

Delayed hemorrhage  4[20.0%] 1[5.0%] 0[0.0%] 0[0.0%] 9.17 0.027* 

Need for blood transfusion  12[60.0%] 3[15.0%] 0[0.0%] 0[0.0%] 31.75 <0.001* 

Fever and/or sepsis No  7[35.0%] 16[80.0%] 12[60.0%] 16[80.0%] 30.40 <0.001* 

SIRS ₤ 11[55.0%] 3[15.0%] 4[20.0%] 0[0.0%] 

Simple fever  0[0.0%] 1[5.0%] 0[0.0%] 4[20.0%] 

MODS € 2[10.0%] 0[0.0%] 0[0.0%] 0[0.0%] 

Grading of 
Complications  

None 0[0.0%] 10[50.0%] 5[25.0%] 12[60.0%]  
 

61.68 

 
 

<0.001* 
I 0[0.0%] 1[5.0%] 11[55.0%] 6[30.0%] 

II 15[75%] 5[25.0%] 4[20.0%] 1[5.0%] 

3a 2[10.0%] 4[20.0%] 0[0.0%] 1[5.0%] 

4b 3[15.0%] 0[0.0%] 0[0.0%] 0[0.0%] 

Hospital stay [days] 5.9±1.2; 
4.0±8.0 

3.9±1.0; 
3.0-6.0 

2.95±0.76; 
2.0-5.0 

2.40±0.50; 
2.0-3.0 

59.34 <0.001* 

† No.; Number; ‡ HB; Hemoglobin; § CIRF; Clinically Insignificant Residual Fragment; ¥ PO; Postoperative; ₤ SIRS; Systemic Inflammatory Response Syndrome; € MODS; 
Multiple Organ Dysfunction Syndrome. 
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Figure [1] : Line plot curve showing the mean operative time among studied groups. 

 
Figure [2]: Line plot curve showing the average volume of irrigation consumed among studied groups. 

 
Figure [3]: Line plot curve showing the mean reduction in HB [Hemoglobin] concentration and fluoroscopy 

screening duration among studied groups. 
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Figure [4]: Line plot curve shows the initial stone-free rate among studied populations. 

 
 
 

 

DISCUSSION 

The concept of the learning curve was 
introduced by the 19th century German 
psychologist Heramn Ebbinghaus in his study of 
the efficiency of his long-term memory to 
memorize a series of nonsense syllables. 
Ebbinghaus found that the more he repeated, the 
more he could remember until finally, he could 
recall the whole list. He also reported rapid 
progress in syllable recall during the initial stages, 
followed by lessening improvements with further 
practice[16]. 

If we want to transfer Ebbinghaus’ 
experience to surgery, the “learning curve” can be 
thought of as an improvement in performance over 
time. This improvement is at its maximum early on 
in the learning process then tails off over time[8]. In 
other words, it is the number of procedures 
needed to gain the surgical competence in 
performing it. So, if we want to figure out the 
“learning curve” for a surgical procedure, we first 
have to preset some relevant clinical endpoints 
then draw a curve based on surgeon performance 
against surgical outcome data[9,11] [9], and the 
point at which the slope reaches a plateau, is the 
point of competence or learning[17] 

Since PCNL is a milestone technique in 
treating upper urinary tract stones, this induced the 
motivation of urologists to learn this 
procedure[11][11]. However, it is not a simple 
procedure to learn and has a specific set of 
complications higher than other endoscopic 

procedures intended for managing stones, which 
make it, to some extent, a stressful approach, 
particularly in less experienced hands[18].  

To alleviate the anxiety of a surgeon newly 
performing PCNL, a specific training program has 
to be settled, that is to define the “learning curve” 
and provide enough operations for training.  From 
the studies published in the literature on this topic, 
one may conclude that for an endourologist newly 
performing PCNL, it is estimated that 45-60 PCNL 
procedures performed solo are necessary to 
achieve competence; that is, the learning curve 
reaches a plateau[9-11,19-21] [9]and ˃ 100 procedures 
to excel the procedure[10,11,22] [11] 

Because supine PCNL has proved that it is a 
good alternative to conventional prone one with 
comparable efficacy, safety, and feasibility[6,23-25], 
we have tried in this work to provide an insight into 
the learning curve of a single surgeon, competent 
in doing PCNL in the conventional prone position, 
during his transition to supine one using the 
following clinical endpoints: economic efficiency 
(operation and fluoroscopic screening times, the 
volume of the irrigant fluid consumed and post-
operative length of hospital stay), effectiveness 
(stone clearance rate), and procedure-related 
morbidity (reduction in hemoglobin concentration, 
blood transfusion, and complication rates), as 
measures of outcome. 

Reduction of the operation and fluoroscopic 
screening durations reflect the surgeon’s growing 
familiarity with the procedure, tools, understanding 
of the endourologic anatomy, and the more rapid 
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identification and puncturing the target calyx, and 
its reduction is an indicator to the ability to perform 
the procedure[21, 26-27]. In our series, the durations 
of both showed an observable pattern of 
progressive decline among groups. The mean 
operation duration drop from 117 min. in the 1st 
group to about half (60 minutes) in the 4th group 
(Figure 1). This is comparable to the results 
published by Jang et al., who calculated the 
learning curve for 53 PCNL procedures performed 
in the flank position by one experienced 
endourological surgeon. The mean operative time 
gradually decreased as the surgeon experience 
increased, and from the 36th case, the mean 
operative time showed a significant decrease to 
72.2 ± 24.1 min (P = 0.003)[27][27]. Also, 
fluoroscopy time declined from 3.5 minutes to 1.5 
min. in the last group (Figure 3). 

In this study, stone clearance rate has been 
used as one of the clinical endpoints. It is known 
that it depends on many factors, including stone 
(size, number, complexity, composition, and 
nature), access (type and number), anatomic 
abnormalities, and technical issues (including the 
experience of both the operating and supervising 
surgeons)[10,28].  

As depicted in figure 4, our stone clearance 
rate (stone-free+CIRF< 5mm) continued to 
improve among groups with more practice (P = 
0.034), and the slope of the curve was progressing 
till the end of the study without approaching the 
plateau. So, if we consider the stone clearance 
rate as a measure of gaining competence, as 
stated before by de la Rosette et al.[11] [11]a 
surgeon needs a higher number of procedures to 
approach this target, up to the 105th operation.  

These results are not in accordance to those 
published by Tanriverdi et al. and Song et al. that 
did not show significant changes in sequential 
groups of patients regarding the stone clearance 
rate. They concluded that a surgeon could meet 
this goal very soon after completing the first few 
procedures[9,21]. 

Complications were observed among all 
groups. Most of them were of low grade (Clavien 1 
& 2). The most commonly observed were fever, 
bleeding requiring blood transfusion, the post-

operative rise of serum creatinine, and urinary 
leakage. Blood loss is a normal feature of PCNL. It 
is considered a complication only when a blood 
transfusion is required[29].  

In our study, the need for transfusion was 
significantly higher in the first group (12/20 patients 
– 60%). It declined significantly in the 2nd group 
(3/20 patients – 15%) to reach 0% in the 3rd and 
4th groups. Generally speaking, the rate and grade 
of complications decreased significantly over time 
as the surgeon accumulated experience and 
refined the technique. The number of complicated 
cases in the 4th group was 8, sex of them was 
Clavien grade 1. Where in the first group, all 
patients, to some extent, were complicated (Table 
2). Besides the unfamiliarity with the technique, 
this higher incidence of complications among the 
first group can also be attributed to the higher 
stone burden and complexity when compared to 
other groups (Table 1). 

It is known that the length of hospital stay 
post-operatively is significantly related with the 
post-operative occurrence of complications[30][30].  

As the rate and grade of complications 
decreased among groups, the hospital stay 
duration significantly improved with improvement 
in the learning curve; the stay duration continued 
to decrease among groups from (5.9±1.2 days) in 
the first group  to (2.40±0.50 days) in the fourth 
group. 

Given the changes in the slope of 
fluoroscopic screening time, the volume of the 
irrigant fluid consumed during surgery, the 
improvement in rate and grade of complications 
(including transfusion rate), and postoperative 
length of hospital stay from the third group on; we 
can conclude that for an endourologist capable of 
doing PCNL in the conventional prone position, 
would be able to acquire competency after 40 
supine procedures, whatever the complexity of 
stone is. However, if we consider the operation 
time and stone clearance rate as measures of 
achieving competence, given that the slope of the 
curve was progressing till the end of the study 
without approaching the plateau, a surgeon needs 
a higher number of procedures to approach this 
target. 
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The main strength of the current work is that it 
tracked the number of procedures required to 
reach an acceptable learning level, when the 
surgeon’s shifted from prone to the supine 
position. However, it had some limitations. First: 
this study reflects the learning curve of a single 
surgeon. So, the interpersonal variations among 
learning curves of different surgeons based on 
their skills and expertise have to be kept in 
mind[17,19]. Second: the study was conducted 
prospectively in chronological order; this result in 
an unequal distribution of the stones (regarding its 
burden and complexity) among different patients’ 
groups, which might be, to some extent, affected 
the outcome results.  

Conclusion: Considering the fluoroscopy 
duration, the volume of the irrigant fluid consumed, 
the rate and grade of complications, and the length 
of hospital stay post-operatively, a surgeon 
competent in doing PCNL in the conventional 
prone position can gain competence in doing 
supine one after 40 procedures regardless the 
grade of stone complexity. Improvement in 
operative time and stone clearance rate continued 
till the end of our study; that is, a surgeon needs a 
higher number of procedures for his learning curve 
to reaches a plateau. 
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