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Objective: In this comparative study, we evaluated the results of flat prone and prone hip flexed percutaneous nephrolithotomy in 
terms of efficacy and safety to contribute to the optimal prone percutaneous nephrolithotomy position.
Materials and Methods: Data of the patients who underwent percutaneous nephrolithotomy operations in a flat-prone or prone hip 
flexed positions due to renal pelvis and/or ≥2 Calix filling stones between January 2016 and January 2022 were collected retro-
spectively. Demographic data of the patient groups in different prone positions as well as clinical findings, stone characteristics and 
operative data were analyzed. The groups were also compared in terms of post-operative findings and complications.
Results: The average age and CROES scores of patients included in the study were 47.15±15.6 years and 221.76±62.49, respectively. 
There was no statistically significant difference between the two groups in terms of patient demographic data, stone-free status and 
complication rates. Operation Room Time (ORT) (min) in flat prone PCNL group was shorter in average (100.57±32.74 min vs 92.32 
±28.75 min, p = 0.041) and duration with nephrostomy (days) and hospitalization (days) parameters were statistically significantly 
shorter in prone hip flexed PCNL (respectively, p < 0.001; p = 0.005).
Conclusion: Flat-prone PCNL provides significantly shorter ORT. However, the time with nephrostomy and hospitalization with the 
prone hip flexed PCNL were shorter than flat-prone position. The findings will guide the optimal prone PCNL position.
Keywords: flat prone position, hip flexed prone position, kidney stone, percutaneous nephrolithotomy

Introduction
Percutaneous nephrolithotomy (PCNL) is still a procedure of choice with its ability to provide standard or miniaturized 
access tracts in different diameters in addition to rigid and flexible endoscopic options for large kidney stones (>20 mm).1

PCNL operation is performed in the well-known prone position as defined originally today, while the supine position 
and its modifications have gained popularity due to its positional, anesthetic and retrograde access comfort despite its 
lower stone-free rates.2,3 In studies comparing these two positions, the parameters of higher stone-free status (SFS), 
wider renal anatomy, easy access, and the risk of lesser adjacent organ injury are in favor of the prone position, while 
other operative parameters (operation time, hospitalization, anesthesia comfort) are in favor of supine position.4,5 

Because of the conflicting results of the studies for these two positions, it seems impossible to mention an optimal 
position.

Although the concept of indication has been determined with certain limits, developments in instrument diameters, 
energy and optic diversity enable smaller stones to receive PNL indication, while it seems essential to consider positional 
modifications as well as these developments in order to obtain maximum benefit from PNL in the management of larger 
and complicated stones.6

Positional modifications in both prone and supine PCNL, and improvements in endoscopic technology explain the 
limited and uncertain level of evidence in the comparison between these two positions.7,8 Thus, comparisons to be made 
between these two positions in terms of their own modifications will guide the determination of the most ideal method. 
However, studies on the prone position modifications in the literature are limited to comparisons in terms of probable 
ease of access and adjacent organ injury with related radiological findings and case series, and there is neither enough 
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comparison study on operative parameters nor sufficient evidence.9,10 Similarly, other than case series, case reports, 
technical descriptions and illustrates on supine PCNL modifications in the literature, we did not find any comparative 
studies on other supine PCNL modifications.11–13

As a tertiary center with a high stone case volume, in our clinic, PCNL operations are performed with the 
conventional method in positions with flat prone or variations. In this study, we aimed to compare demographic, 
operative and complication data of patients who underwent PCNL in flat prone (FP) and prone hip flexed (PHF) 
positions.

Materials and Methods
This study protocol was reviewed and approved by Biruni University Non-Invasive Clinical Research Ethics Committee, 
approval number 2022/70-21. In our study with human participants, ethical standards of the 1964 Helsinki Declaration 
were complied with, as well as the ethical standards of the national research association at the procedural stages. We 
obtained informed consent from patients included in the study. Data of the patients between 18 and 80 years of age who 
underwent PCNL for stones in the renal pelvis and/or ≥2 calix filling stones in our clinic between January 2019 and 
July 2022 were collected retrospectively and analyzed. Of 497 patients who underwent PCNL operations, 39 patients 
were excluded due to patient factors (bleeding diathesis, malformed and malrotated kidney, and multiple comorbidities), 
67 due to procedural factors (mini PCNL and supine PCNL) and 113 due to data factors (lack of laboratory or 
radiological data). The remaining 278 patients were divided into two groups as the FP-PCNL (164 patients) and the PHF- 
PCNL (114 patients). All cases in our clinic were operated by endourologists (YS-MY) without considering any 
randomization and case-specific position. These two endourologists performed stone surgery in their daily practice and 
had similar case volumes. First room’s table had a table modification according to the prone hip flexed position, 
while second ones allowed only flat position. Although the general orientation in our clinic is the flat prone PNL 
position, the PHF position was used to get comparation regardless of the location of the kidney stone and the physical 
characteristics of the patient. The number of cases in these rooms by both surgeons was close to each other.

Every patient was evaluated in terms of suitability for operation with laboratory and radiological examinations before 
procedures. One week at most before any procedure, hematological evaluation with whole blood count and coagulation 
factors, biochemical-microbiological evaluation with renal and hepatic function tests and urinary analysis – urine culture, 
and radiological evaluation with low dose non-contrast computerized tomography (NCCT) and/or urography (only in 
complex cases) were performed. The most suitable percutaneous entry points were predicted with NCCT which helps to 
determine stone dimensions (by multiplying the two longest dimensions, as mm2), stone density (Hounsfield Unit), skin- 
to-stone distance (mm), stone location, adjacent organ evaluation in addition to estimated kidney calix anatomy.

Both PCNL procedures were performed under general anesthesia and single dose antibiotic prophylaxis. Procedures 
initiated with the retrograde placement of 5F Both-End-Open Hydrophilic Ureteral Catheters (Plasti-med) into the kidney 
and continued in the prone position (Figure 1). For the PHF PCNL, patient was taken into 30° hip and 15° knee flexions 
different from the FP position (Figure 2). For both positions, posterior calix access (upper, medium or lower according to 
stone statement and burden) was provided by delivering retrograde contrast under fluoroscopy guidance with an initial 
puncture needle (18G/20mm/2 parts, plasti-med). Following the application of amplatz dilator until 12 French (F), renal 
access was performed by entering with nephrostomy balloon dilator (nephroflex) and 24F nephroscope (ALKEN- 
HOHENFELLNER, Karl Storz, Germany) within 30 F amplatz cover. Stone fragmentation was performed with 
pneumatic and ultrasonic lithotripters. After reaching SFS endoscopically and fluoroscopically, 14 F malecot nephrost-
omy set was placed in the kidney. On the postoperative 1st day, both SFS and pleural injury control were performed with 
kidney-urine-bladder radiography (KUB) and chest radiography. When the content of the nephrostomy tube was 
completely clear urine colour, the tube was clamped and pulled out when there was no pain or wetting. The patient 
was discharged according to the presence of tractus dryness after the removal of the nephrostomy catheter. The first 
control of the urinary system was provided with KUB and urinary USG in postoperative 1st month, while SFS control 
was actualized with low dose NCCT at third month postoperatively.

The groups were compared according to demographic data (age, gender, ASA score, previous procedure status), stone 
characteristics (stone location, size, density, SSD and stone scores), operative data (ORT, intercostal access between 11 and 12 
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ribs, transfusion status and complications) and postoperative results (duration of hospitalization, decrease in hemoglobin, 
transfusion status, duration with nephrostomy, SFS, and complications). ORT is the time elapsed between insertion of the 
ureteral catheter and returning the patient to the supine position at the end of the operation (excluding the duration of anesthesia), 
duration of hospitalization is the duration between performance of the procedure and removal of nephrostomy catheter and 
uncomplicated discharge of the patient. The absence of >3 mm residual fragment is taken as a basis for the SFS.14 The modified 
Clavien-Dindo system was used for postoperative complications.

Statistical Analyses
Statistics Standard Grad Pack Student v29 (IBM SPSS 29.0.0.0) was used to analyze the data. Since the data were not 
normally distributed, the analysis was continued with non-parametric tests. Mean±SD was used to present continuous 

Figure 1 Flat prone PCNL position.

Figure 2 Prone hip flexed PCNL position.
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independent variables. Differences between the two groups were compared with the Mann–Whitney U-test. Categorical 
data were evaluated by Chi-square and Fisher exact tests. A value of p ≤ 0.05 was considered statistically significant.

Results
Of the patients included in the study, 109 were female and 169 were male and the average age was 47.15±15.6 years. 
While the kidney side that was the object of the operation was right in 153 and left in 125, average stone size, skin-to- 
stone distance and stone density were 596.53±493 mm2; 87.35±22 mm and 955.14±310.84 HU, respectively. The median 
ASA and Guy Stone scores were 1 (1–4) and 2 (1–4), respectively, while the average Croes score was 221.76±62.49. 
There was no statistically significant difference between the FP and the PHF-PCNL groups in terms of demographic 
parameters. The demographic characteristics of the groups are summarized in Table 1.

The overall stone free rate in our cohort was 75.4% (n = 208), while the complete stone free rate was 78.9% in the 
PHF-PCNL group and 72.8% in the FP-PCNL group (p = 0.246). First and 3rd month rates of residual stone were similar 
(p = 0.522). In both groups, the need for intercostal access was similar (p = 0.983). Although the magnitude of decrease 
in hemoglobin (2.11 ± 1.14 vs 2.02 ± 1.08) and the rate of need for transfusion (8.53% vs 3.5%) were high in the FP- 
PCNL group, there was no statistically significant difference between groups (p = 0.489 and 0.074, respectively). 
Average ORT was statistically longer in the PHF-PCNL group than the other group (100.57±32.74 min vs 92.32 
±28.75 min, p = 0.041). Both duration with nephrostomy (days) and duration of hospitalization (days) parameters 
were significantly longer in the FP-PCNL than in the PHF-PCNL group (2.46±1.83 vs 1.79±1.83, p < 0.001; 2.65±1.24 

Table 1 Patients’ Demographics

Parameters Flat Prone  
(164)

Prone Hip Flexed  
(114)

P value

Age, mean ± SD 48.36 ± 16.01 47.48 ± 14 0.325

Gender, (n) 0.672
Male 98 71

Female 66 43

Stone side, (n) 0.359
Right 94 59

Left 70 55

ASA score (n) 0.088
1 132 79

2 29 28
3 3 6

4 0 1

Previous Procedure, (n) 0.798
ESWL 19 13

URS 12 9

PCNL 31 20
Open Stone Surgery 5 1

Stone density (HU), mean ± SD 960.81 ± 296.38 935.07 ± 305.71 0.591

Stone size (mm2), mean ± SD 436.73 ± 292.33 524.75 ± 408.63 0.182
Skin-to-stone distance (mm), mean ± SD 87.51 ± 23.34 90.14 ± 19.79 0.437

Guy Stone Score (n)

1 56 38 0.082
2 77 47

3 26 17

4 5 12
CROES_Score (0–350), mean ± SD 225.76 ± 57.7 221.80 ± 63.7 0.578

S.T.O.N.E. Score (4–13), mean ± SD 7.46 ± 1.48 7.82 ± 1.72 0.146

Abbreviations: ASA, American Society of Anesthesiologists; ESWL, Extracorporeal Shock Wave Lithotripsy; URS, ureteroscopy; 
PCNL, percutaneous nephrolithotomy; HU, Hounsfield unit.
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vs 2.62±2.41, p = 0.005, respectively). The comparison of operative parameters between groups is summarized in 
Table 2.

Postoperative complications were classified by Clavien-Dindo, but there was no statistically significant difference 
between groups in terms of complications (p = 0.749). The rate of uncomplicated cases in the FP-PCNL group was 
73.2% and 71.9% in the PHF-PCNL group. The predominant part of the complications seen in both groups were 
reported as Clavien grade 1 complications [n = 12 (7.3%) in the FP-PCNL and n = 10 in the PHF-PCNL (8.8%)], 1 
Clavien Grade 5 complication (mortality) in the FP-PCNL group and 1 Clavien Grade 4 complication 
(Nephrectomy) in the PHF-PCNL group. In total, urine leakage requiring Double-J stent placement was detected 
in 7, pneumothorax in 2, urinoma in 1 and bleeding requiring angioembolization in 3 patients. Postoperative 
complications and outcomes are summarized in Table 3.

Table 2 Groups Characteristics and Operative Data

Parameters Flat Prone  
(164)

Prone Hip Flexed  
(114)

P value

Operation Room Time (min) 92.32 ± 28.75 100.57 ± 32.74 0.041
Hospitalized time (days) 2.65 ± 1.24 2.62 ± 2.41 0.005
Duration with nephrostomy (days) 2.46 ± 1.83 1.79 ± 1.83 <0.001
Stone Free Rate, n (%) 118 (72.8) 90 (78.9) 0.246

First month Residual Stone (mm2) 63.65 ± 125.64 61.51 ± 144.62 0.522
Third month Residual Stone (mm2) 65.14 ± 124.86 63.15 ± 146.79 0.522

Hemoglobin decrease (mg/dl), mean±SD 2.11 ± 1.14 2.02 ± 1.08 0.489

Transfusion status, n (%) 14 (8.53) 4 (3.5) 0.074
Intercostal Access n (%) 20 (12.19) 14 (12.28) 0.983

Note: The bold value is statistically significant (p < 0.05).

Table 3 Complication of Groups

Complication Status Flat Prone  
(164)

Prone Hip Flexed  
(114)

P value

No Complication, n (%) 120 (73.2) 82 (71.9) 0.749

Clavien Grade 1, n (%) 12 (7.3) 10 (8.8)

Fever 7 7
Transient increase of creatinine level 5 3

Clavien Grade 2, n (%) 25 (15.2) 14 (12.3)

Blood transfusion 14 4
Additional antibiotherapy 4 4

Urine leakage (not require Double-J stent placement) 7 6

Clavien Grade 3a, n (%) 5 (3) 5 (4.4)
Urine leakage (Require Double-J stent placement) 3 4

Pneumothorax 1 1

Urinoma 1 0
Clavien Grade 3b, n (%) 1 (0.6) 2 (1.8)

Bleeding that needs angioembolization 1 2

Clavien Grade 4, n (%) 0 (0) 1 (0.9)
Nephrectomy 0 1

Clavien Grade 5, n (%) 1 (0.6) 0 (0)

Mortality 1 0
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Discussion
Today, percutaneous stone surgery is performed preferably in a prone position due to its advantages like ease of renal 
access, wider work area, minimal complication and high stone-free rates despite its anesthetic and positional unfavorable 
aspects.5,15 In addition to improvement in endoscopic instruments, positional modifications also play an important role in 
the procedure to provide lower complication and higher stone-free rates.8 In the literature, positional comparative studies 
are mainly on supine-prone, and despite conflicting SFS rates reported in meta-analyses, emphasis has been placed on 
short operation times provided by supine position.5,15–17 In the studies reviewed in the above-mentioned meta-analyses, 
the FP position was mainly used in prone PCNL while using different modified positions characteristically in supine 
PCNL explains different SFS rates. A similar situation could also explain shorter operation time in favor of supine 
PCNL. To our knowledge, this is the first comparative study on PCNL in flat and modified prone positions. With this 
study, there was no statistical difference between the PHF and the FP positions in terms of SFS and complications, while 
the PHF was advantageous in terms of nephrostomy and hospitalization times and disadvantageous in terms of operation 
time. Although there was no statistical difference in this study, the advantage in terms of SFS and postoperative residual 
stone parameters was observed in the PHF group. It was determined that our PHF SFR was close to prone SFR according 
to the SFR of supine versus prone meta-analyses.5,15

Well-defined positional modifications in supine PCNL are the result of the efforts to improve inferior operative 
parameters obtained with prone PCNL defined 10 years ago and to perform simultaneous retrograde intrarenal surgery.18 

With the prone PCNL standard method, there is less need for modified positions thanks to a wider work area, easy access 
and prevailing pelvicalyceal anatomy, while prone modifications defined in the literature are the products of simultaneous 
endoscopic study efforts.9,19–21 However, the advantages such as easier access to the kidney upper pole and higher 
mobility of the lower pole with prone flexion modification at the expense of anesthetic difficulties are a matter of 
debate.22,23

Ray et al found that prone-flexed position increases the distance between the posterior iliac crest and 12th costa and 
that subcostal access would be sufficient instead of the intercostal access in 45.5% of the patients. They suggested that 
the supine position increases the risk of solid organ injury in upper pole access while the prone or prone-flexed position 
increases the risk of colon injury in lower pole access in the section of anatomical effects of patient positioning according 
to CT in their study. They also suggested that lower pole access difficulty due to hip spur could be overcome with prone 
flexion.10 Sign et al in their study in which they obtained a similar modification by using a horizontal bolster to prone 
flexed position also emphasized that the kidney upper pole is displaced toward the caudal and ease of upper pole access 
could be increased with lesser supracostal access. They also emphasized that, by displacement of kidney lower pole 
toward posterior with vertical bolster, skin-calix distance is decreased, and favorable position for access to middle and 
lower calyces could be found.23 In our study, we did not find any difference between groups in terms of the need for 
intercostal access and common secondary pleural complications. Additionally, we did not detect solid organ or colon 
injury in any of our cases. However, we concluded that statistically insignificant hemoglobin decrease and transfusion 
need and statistically significant shorter nephrostomy time in the PHF-PCNL group might be the result of wider work 
area and lesser rigid instrument rotation injury. In addition, whether positional and anesthetic advantages with the use of 
vertical and horizontal bolster could be obtained with vertical bolster and the PHF-PCNL combination could be a new 
research topic.

The increased risk of thoracic complications is generally associated with the need for upper pole access and 
characteristically upper-level intercostal access dependent on the closeness of the diaphragm to the upper pole rather 
than positional choice.24,25 Chow et al emphasized that the rate of thoracic complication increases as the distance of the 
diaphragm to the kidney’s upper pole decreases in posterior supracostal access.25 We did not find any study in the 
literature comparing standard prone position and flexion modifications in terms of thoracic complications. In our study, 
we did not find any significant difference between groups. However, it was a limitation of our study that the distance 
between the diaphragm and kidney upper pole and which intercostal interval was used were not mentioned. As Ray et al 
mentioned, the risk of thoracic complication decreases with the decreased need for supracostal access in the PHF 
position.10
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In the literature, although the main topics in supine-prone PCNL comparison studies are SFS, operation time and 
complication rates, similar or higher SFS in prone PCNL and similar or lower complication rates and shorter operation 
times in supine PCNL came to the fore in those meta-analyses.2,5,15,17 In these meta-analyses, there was no significant 
difference between the two groups in terms of hospitalization time. Considering the heterogenous character of the studies, 
our FP-PCNL hospitalization value (mean: 2.65 days) was consistent with the studies in the literature that reported 
shorter hospitalization.26–28 The other original aspect of our study is that it is the first study in which two groups were 
compared in terms of hospitalization, duration with nephrostomy, and ORT and that the first two parameters were 
significant in favor of the PHF-PCNL. The only parameter that was significantly observed in favor of the FP-PCNL was 
operation time. We concluded that prolonged operation time with the PHF-PCNL is due to positional arrangement. 
Shorter nephrostomy time is correlated with shorter hospitalization, and this might provide lesser renal injury and 
bleeding due to lesser rigid nephroscope manipulation thanks to shorter access distance and wide calyceal work area in 
the PHF position.29

Although data of our study were collected retrospectively, our study is an original study since it is the first study that 
compares values of demographic and operative parameters obtained with stone scoring and Clavien complication 
classification between PCNL case groups performed in the FP and the PHF positions by two urologists who are 
interested only in endourology in the tertiary hospital urology clinic. In addition, the imaging method performed in 
the 3rd month provides an important standardization for the evaluation of SFS and late complications.

The most important limitation of our study is that due to the retrospective nature of the available data, some essential 
clinical data such as “diaphragm-kidney upper pole distance, interval of intercostal access, number of tracts, fluoroscopy 
time and anesthesiological outcomes” were not included in the comparison. Additionally, the fact that patients were not 
randomized into different positions might affect the surgeon’s bias to prefer a position according to its relation to stone 
scores.

Conclusion
The findings of our retrospective study comparing the two prone positions demonstrate that the PHF position appears 
superior to the FP position with reduced nephrostomy time and short hospitalization at the cost of prolonged operation 
time. However, there was no significant difference between both prone positions in terms of SFS and complication rates. 
Although not statistically significant, a lower transfusion rate was observed in favor of the PHF-PCNL. However, 
multicenter double-blind randomized controlled studies are needed for positional preference standardization.

Data Sharing Statement
Although the data of the study are not available to the public due to privacy or ethical restrictions, it can be obtained from 
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