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Abstract 

Background: The best way in the management of calyceal stone by percutaneous nephrolithotomy (PCNL) is to go 
directly into the desired calyx. However, in upper calyx, this direct entry may be associated with undesired complica-
tions, and through lower calyx is limited in prone PCNL. Recently, there is another option about reaching it through 
the lower calyx in supine position with more accessibility and better manipulation. This study aimed to evaluate the 
management of the upper calyceal stone by PCNL through lower calyx access in prone versus supine position.

Methods: A total of 38 patients with upper calyceal stone (≥ 2 cm) were randomly divided into two groups; the first 
group included 18 patients managed by PCNL in the prone position, and the second group included 20 patients 
managed in supine position. All data of both procedures were collected and statistically analyzed to compare 
between both groups.

Results: There is no statistically significant difference between groups as regards demographic and stone characters. 
The angle between the access to the lower calyx and access of the upper calyx was significantly wider in the supine 
group versus prone group (130.2° ± 23.46° vs. 89.67° ± 14.56°, respectively). The mean operative and fluoroscopy time 
was significantly longer in the prone group. There is no significant difference in intraoperative or postoperative mor-
bidity. The stone-free rate was significantly higher in the supine group than the prone group (85% vs 38.9%, respec-
tively). Also stone approachability was higher in the supine group than prone group (95% vs. 66.7%, respectively).

Conclusion: Management of upper calyceal stone by PCNL through the lower calyx is safe, but it is more effective in 
the supine position than in prone position.
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1  Background
The American urological association/endourological 
society guideline on the surgical management of stones 
stated that there are many options of treatment for symp-
tomatic non-obstructing calyceal stone [1].

The upper calyceal stone represents about 15% of cal-
yceal stones [2], shock wave lithotripsy (SWL) is consid-
ered the first line of treatment of such stones when their 
size is less than 2 cm, and percutaneous nephrolithotomy 
(PCNL) is indicated when their size is 2 cm or more or 
after failure of SWL [3].

The best way in the management of calyceal stone 
by PCNL is to go directly into the desired calyx; how-
ever, in upper calyx, this direct entry may be associated 
with undesired complication like plural or lung injury, 
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hydrothorax, pneumothorax, and through lower calyx 
is limited in prone PCNL [4]. However, recently there is 
another option about reaching it through the lower calyx 
in supine position with more accessibility and better 
manipulation because there is some anatomical differ-
ence between the supine and prone positions while doing 
this approach [5, 6]. In the current study, we compared 
between supine and prone PCNL in the management of 
upper calyceal stone through lower calyx access.

2  Methods
2.1  Study design
Between February 2014 and January 2018, a total of 38 
patients with upper calyceal stones were included in 
the study. All patients were presented to the outpatient 
clinic of our university hospital with stone(s) in the upper 
calyx. The inclusion criteria of the study were a stone size 
of 2  cm or more and/or failed SWL. Patients with con-
genital anomalies of the urinary tract, morbid obesity, 
and uncorrected coagulopathy were excluded from the 
study. The patients were randomized into two groups by 
simple randomization using a closed envelopes method; 
the first group included 18 patients who were managed 
by PCNL through lower calyx in the prone position, and 
the second group included 20 patients managed by the 
same approach but in the supine position. All patients 
were evaluated by detailed clinical history, serum cre-
atinine and blood urea nitrogen, bleeding and coagula-
tion profile, urine culture and sensitivity and radiological 
investigations in the form of plain X-ray urinary tract, 
ultrasound abdomen and pelvis, and non-contrast com-
puted tomography (NCCT) of urinary tract. In the prone 
group, NCCT was done in a prone position, and in the 
second group, it was made while patients in the supine 
position. All patients with urinary tract infections were 
treated before surgery. The study was approved by the 
local health committee, and written informed consent 
was signed by all patients.

2.2  Surgical technique
All procedures were done under general anesthesia, and 
firstly, the patient was put in lithotomy position for inser-
tion of six French ureteric catheter; then, in the group of 
prone PCNL, the patient was turned prone with putting 
a bridge or towel under his chest and pelvis leaving the 
abdomen free for respiration and puncture of the lower 
calyx was performed, and then, dilatation of the tract 
was made either by Amplatz Teflon dilator or Alken tel-
escopic metal dilators, till 28 French Amplatz sheath was 
inserted and rigid nephroscopy was used to approach the 
pelvicalyceal system and after visualization of the stone. 
The disintegration of the stone was performed by pneu-
matic lithoclast, and after that fragment was removed.

In the second group, the patient was in the supine 
position with the side of interest being adjusted to be at 
the edge of the table, and then, the same procedure was 
applied. At the end of the procedure, visualization of the 
pelvicalyceal system by nephroscopy and fluoroscopy was 
performed to see if there is any residual stone. Finally, 
antegrade pyelography was done to exclude any perfora-
tion or extravasation, and a 20 French nephrostomy tube 
was fixed.

Pelvi-abdominal ultrasound and plain X-ray urinary 
tract (PUT) were done after 24 h; if there is a significant 
residual larger than 4 mm, a second-look PCNL was car-
ried out if the stone was accessible or SWL if not. After a 
3-month evaluation, the final stone-free status was per-
formed by PUT, pelvi-abdominal ultrasound, or low-dose 
NCCT if indicated.

2.3  Statistical analysis
Preoperative patients and stone data, including the CT 
data of the patients, especially the angle between the 
upper calyx and the axis to the lower calyx, operative 
data, operative time (calculated from cystoscopy till fixa-
tion of nephrostomy tube), postoperative morbidity, and 
stone-free rate, were collected. These data were tabulated 
and analyzed using the computer program Statistical 
Package for Social Science (SPSS) version 20. Descriptive 
statistics were calculated in the form of mean and stand-
ard deviation for quantitative data and frequency and 
distribution for qualitative data. In the statistical com-
parison between the different groups, the significance of 
difference was tested using one of the following tests: t 
test to compare mean of two groups of quantitative data, 
and inter-group comparison of categorical data was per-
formed by Chi-square test (χ2-value) and Fisher’s exact 
test (FET).

3  Results
The study included 38 patients randomly divided into two 
groups, the first group included 18 patients who under-
went prone PCNL, and the second group included 20 
patients who were managed by supine PCNL. The mean 
age of patients in the prone group was 46.44 ± 13.6 years, 
where 66.7% were male and 33.3% were female, and in 
the supine group, the mean age was 47.1 ± 14.3 years. Of 
them, 60% were male and 40% were female with no sta-
tistically significant difference between the two groups. 
There was also no statistically significant difference 
between them regarding mean body mass index (BMI), 
preoperative urinary tract infection (UTI), and recur-
rence (Table 1).

The mean stone size in prone group was 20.3 ± 2.07 mm 
and in the second group was 20.3 ± 1.7  mm without 
significant difference, and also there is no statistically 
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significant difference between other stone parameters 
and NCCT measurements, except for the angle between 
the axis to the lower calyx and that of the upper calyx, 
as it was significantly wider in supine group than in 
prone group (130.2° ± 23.46° vs. 89.67° ± 14.56°, respec-
tively, P < 0.001) (Table  2). The mean operative time 
and fluoroscopy time were significantly longer in the 
prone group than that in the supine group. Operative 
time was 113.72 ± 11.73  min in the prone group versus 
80.95 ± 10.26 min in the supine group (P = 0.01). In prone 
group, fluoroscopy time was 276.39 ± 35.49  s, while in 
the supine group was 209.05 ± 36.95 s (P = 0.001).

There was no statistically significant difference between 
both groups regarding bleeding necessitating blood 
transfusion, as there was significant bleeding during the 
procedure in two patients (11.1%) in prone position and 
only in one patient (5%) in supine position and in all of 
them, this was managed by fixation of nephrostomy tube 
as a tamponade and was clamped for 60 min, and a sec-
ond look was performed after 48 h or more if hematuria 
was still present. There was a postoperative fever in three 
patients (16.7%) in the prone group and in two patients 

(10%) in the supine position. The stone-free rate was sig-
nificantly higher in the supine PCNL group (85%) than in 
prone PCNL (38.9%) (P = 0.03) (Table 3).

Upper calyx was approached, and stone could be 
manipulated in 19 patients in the supine group (95%) and 
in 12 (66.7%) patients in the prone group, and this differ-
ence was statistically significant (Table 3).

In the prone position, upper calyx was approached and 
stone could be manipulated in 12 patients (66.7%) with 
significant residual stone in seven patients, one of them 
underwent second-look PCNL and became stone-free, 
and the other six patients underwent SWL and one of 
them became stone-free after 3-month follow-up.

In the supine group, the upper calyx was approached 
in 19 patients (95%), there were significant residual 
stones in six patients, three of them underwent second-
look PCNL and became stone-free, and the other three 
patients underwent SWL and one of them became stone-
free after 3-month follow-up. Flow chart of the study is 
shown in Fig. 1.

4  Discussion
More than two decades passed since introduction of 
supine PCNL, and the approaches are gaining more 
popularity as it offers many advantages over prone 
PCNL, being of single patient position throughout sur-
gery, easier patient ventilation and anesthesia, less inci-
dence of organ injury, more comfortable situation for 
the surgeon (sitting instead of standing), and less time is 
needed in patient of combination of other endourologi-
cal procedures like retrograde intrarenal surgery (RIRS) 
[7, 8]. Direct access to the upper calyx in management of 
isolated upper calyceal stone is usually accomplished by 
supracostal, intercostal, or subcostal approach which is 
associated with potential risk of pleural and lung injury 
and hemorrhagic insults, and even familiarity with the 

Table 1 Patients’ demographics

Unless otherwise indicated, data represent the number with percentage in 
parenthesis

N number, SD standard deviation, UTI urinary tract infection, BMI body mass 
index

Prone PCNL
N = 18

Supine PCNL
N = 20

P value

Age (years), mean ± SD 46.44 ± 13.6 47.1 ± 14.3 0.89

Sex

 Male 12 (66.7) 12 (60.0) 0.67

 Female 6 (33.3) 8 (40.0)

BMI (kg), mean ± SD 29.78 ± 2.05 33.05 ± 8.88 0.14

Recurrent 2 (11.1) 5 (25.0) 0.41

Preoperative UTI 3 (16.7) 3 (15.0) 1.0

Table 2 Stone and CT characters

Unless otherwise indicated, data represent the mean ± SD

N number, SD standard deviation

**High significant difference

Prone PCNL
N = 18

Supine PCNL
N = 20

P value

Stone side, no (%)

 Right 11 (61.1) 10 (50.0) 0.49

 Left 7 (38.9) 10 (50.0)

Stone size (mm) 20.3 ± 2.07 20.3 ± 1.7 0.9

Skin-to-stone distance (mm) 94.0 ± 16.22 91.7 ± 25.23 0.74

Body wall thickness (mm) 62.11 ± 12.99 59.75 ± 12.39 0.56

Angle between upper and 
lower calyceal accesses

89.67 ± 14.56 130.2 ± 23.46 0.001**

Table 3 Operative and postoperative data

Unless otherwise indicated, data represent the number with percentage in 
parenthesis

N number, SD standard deviation

**High significant difference

Prone PCNL
N = 18

Supine PCNL
N = 20

P value

Operative times (min), 
mean ± SD

113.72 ± 11.73 80.95 ± 10.26 0.01**

Fluoroscopic time (s), 
mean ± SD

276.39 ± 35.49 209.05 ± 3 6.95 0.001**

Blood transfusion 2 (11.1) 2 (5) 0.55

Postoperative fever 3 (16.7) 2 (10) 0.47

Upper calyx approachability 12 (66,7) 19 (95) 0.013

Stone-free 7 (38.9) 17 (85) 0.03
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approach and experience can minimize the rate of these 
complications, but it is still up to 10% [9, 10].

The lower calyceal access in the prone position is of 
lower morbidity; however, it is of limited accessibility to 
the whole collecting system and the upper calyx [5, 11]. 
In supine position, the puncture is always locating below 
the posterior axillary line and between the last rib and 
iliac crest, which means that it is more lateral than the 
puncture in prone position, with different relationships 
between the internal anatomy of the calyces and the axis 
of the tract and nephroscope in that position than in 
prone position making the angle between the upper calyx 
and the access to the lower calyx wider in supine position 
[5, 12].

In the current study, PCNL for the upper calyceal stone 
was carried out through the lower calyx access in 38 
patients; after randomization into two groups, the proce-
dure was done in the prone position in 18 patients and 
in the remaining 20 in the supine position. Both groups 
showed homogeneity as regards demographic and stone 
characters as there was no statistically significant differ-
ence between them in these data and thus reduce the 
effect of any of these findings on the outcome of the 
procedures.

CT considered the cornerstone in preoperative diag-
nosis and planning of management in renal stones [13], 
and it was performed for both groups and showed the 
insignificant difference between them as regards mean 

Fig. 1 Flow chart of the study
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skin-to-stone distance and mean body wall thickness. 
The angle between the axis of the lower calyx and the 
upper calyx was statistically significantly wider in the 
supine group than in prone group (130.2° ± 23.46° vs. 
89.67° ± 14.56°, respectively). Sofer et al. reported a sim-
ilar result about this angle in their study that compares 
the approachability to the upper calyx in supine and 
prone position (141° vs. 84°, respectively) [5]. The angle 
between the entered calyx and the desired calyx is one of 
the most important predictors to approach the desired 
calyx, a wider angle is correlated with better accessibil-
ity to the desired calyx, and the acute angle is correlated 
with the failed approach to the upper calyx, and the calyx 
cannot be accessed if this angle is less than 75° [6, 13].

The mean operative time was statistically significantly 
shorter in supine group (80.95 ± 10.26 vs. 113.72 ± 11.73, 
respectively), many studies showed this difference in 
operative time due to the added time for patient reposi-
tioning in prone position whatever the size or site of the 
stone and the approach [14, 15], and this difference in 
time was also noticed in the study of Sofer et al. [5] who 
did a similar approach to the upper calyx; however, it was 
statistically insignificant and this might be due to the esti-
mation of the time for approachability only in this study.

The rate of blood transfusion in the current study due 
to significant bleeding in the supine position was 5% and 
11.1% in the prone position without significant differ-
ence. Generally, the blood transfusion rate during PCNL 
is ranging from 0 to 20% with an average of 7% [16, 17]. 
In a meta-analytic study done by Yuan et  al. [15], they 
reported a significantly lower rate of blood transfusion 
in the supine position than in prone position (P = 0.02); 
however, in another meta-analytic study, there was no 
statistically significant difference (P = 0.08) [18].

In the current study, the rate of postoperative fever 
was lower in the supine group, but this difference was 
insignificant. In the supine position, the irrigating pres-
sure is lower with less fluid absorption and a lower rate of 
postoperative fever. Patel et al. and Yuan et al. found this 
lower rate is of highly significant difference (P ≤ 0.0001) 
[14, 15].

In our study, the stone-free rate was statistically signifi-
cantly higher in supine group than that of prone group 
(85% vs. 38.9%, respectively, P = 0.03), and this is most 
probably due to the more significant approachability of 
the upper calyx in the supine position and mostly due to 
significant difference in the angle between the axis of the 
lower calyx and the upper calyx in the two approaches. 
In 2010, Liu et  al. [19] reported in their meta-analytic 
study that there was no statistically significant difference 
between the two positions in stone-free rate; however, in 
other recent meta-analytic studies the stone-free rate is 
significantly higher in prone PCNL due to wider range 

of nephroscope manipulation, easier access to the upper 
calyx when needed, and more distension of the pelvical-
yceal system which provided better vision [14, 15, 20].

Two recent studies evaluated the same approach 
through the lower calyx to reach the upper calyx; how-
ever, they evaluated the approachability only, and they 
included multiple and staghorn stones in their study 
which is not the matter in our study as we were more 
precise in selection criteria, by including only patients 
with upper calyceal stone [5, 6]. Sofer et al. found in their 
first study that the approachability to the upper calyx was 
significantly higher in supine group than in prone (80% 
vs. 20%, respectively, P > 0.0001) [5], and in the other 
study [6] the stone-free rate in supine position the was 
88%, and these results were matched to large degree to 
that of the current study in which stone approachability 
was 66.7% in prone group versus 95% in supine group.

The limitation in the current study is the relatively 
small number of patients, but it was due to the strict 
selection criteria of upper calyceal stone.

5  Conclusion
PCNL of the upper calyceal stone through lower calyx 
access is a safe approach in either supine or prone posi-
tion. However, it is more effective in term of success to 
reach the stone in the supine position than in prone one, 
and hence, the stone-free rate is higher in the supine 
position.
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