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ABSTRACT

Objective: To compare the anatomical organ positional 
changes, renal access tract length and maximum renal 
access angle in relation to the kidney in supine and prone 
positions through CT scan images.
Methods: CT Urography was performed in 52 patients with 
various urological complaints in supine and delayed images 
in prone position. A comparison in both supine and prone 
position was done to analyse the organ interposition, pleural 
interposition, mean access tract length, maximum renal 
access angle for PCNL.
Results: The difference in the organ interposition was not 
statistically significant whereas Pleural interposition was 
more common in the prone position compared to supine 
position on both the right (9 vs 2, p = 0.03) and left (3 vs 0, p = 
0.24). Mean access tract length was shorter in prone position 
on both the right (69.93mm vs 61.74mm, p <0.001) and left 
(69.78mm vs 63.57mm, p <0.001) sides. Maximum renal 
access angle was greater in the supine position on both the 
right (73.570 vs 69.030, p = 0.4) and left (73.780 vs 64.700, p = 
0.025) sides with statistical significance on the left side.
Conclusion: PCNL in prone position has an advantage of 
having shorter access tract length compared to supine 

position. PCNL in supine position has an advantage of having 
a wider access angle compared to prone position. Upper calyx 
puncture for PCNL in prone position has a high chance of 
pleural interposition.
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INTRODUCTION

Percutaneous nephrolithotomy (PCNL) is a commonly 
performed endourological procedure and a gold standard 
for renal stones >2cm. Organ interposition, renal access tract 
length and renal access angle are important parameters for 
planning the procedure of percutaneous nephrolithotomy 
(PCNL).
We have come a long way since 1941 when Rupel and Brown 
performed the first nephroscopy. A rigid cystoscope was 
passed into the kidney following open surgery [1]. In 1978, 
it was Arthur Smith, along with Kurt Amplatz who took PCNL 
to the heights that it stands today [2,3,4]. The prone position 
was presumed to be the standard of PCNL and the safest 
approach in preventing colonic perforation. Valdivia-Uria was 
the first person who showed that supine PCNL could be done 
with equal complication rates and success rates and has the 
advantage in terms of patient positioning and management 
during anaesthesia [5,6]. A lot of new enthusiasm is being 
generated among the urologists all over the world to convert 
to supine PCNL from the prone PCNL. There are two groups 
claiming the superiority of supine over prone PCNL or prone 
over supine PCNL [9]. 
Traditionally computed tomography (CT) scan is done in 
supine position and the PCNL is being done in prone position. 
Although there are substantial number of publications 
available to take care of this discussion [10,11,12], there is 
a very scanty literature available on the actual anatomical 
variations of surrounding structures like colon, liver, and the 
spleen in relation to the kidney in both prone and supine 
positions. Our present study aims to compare the anatomical 
organ positional changes in relation to the kidney in supine 
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and prone positions through CT scan images and to study the differences in the renal access tract length and maximum renal 
access angle in supine and prone positions through CT scan images and its likely implications [1,4,8,10,11,12] on performing 
PCNL.

MATERIALS & METHODS

The patients enrolled in this study were informed about the study and a verbal and a signed informed consent was taken to 
participate in this study. Approval of the ethical committee of institute xxxx was taken (REF: BVDUMC/IEC/15). 52 patients who 
underwent CT urography as a part of their evaluation for various urological complaints were included in this study. These 
patients were imaged in both supine and prone positions. The non-contrast and nephrogenic images were obtained in supine 
position and the delayed excretory images were obtained in prone position. None of the patients were exposed to increased 
radiation.

Inclusion criteria
Patients above 18 years of age with creatinine values within the reference range (adult male: 0.73 -1.18 mg/dl, adult female: 
0.55 – 1.02 mg/dl) were included in this study for CT scan to be done in plain and contrast phases.

Exclusion criteria 
Patients below 18 years of age, patients with anatomical and renal anomalies, patients with high creatinine values (beyond the 
reference range), and patients with a history of renal surgeries were excluded from this study. Organ interposition, renal access 
tract length and maximum renal access angle were calculated using supine and prone CT scan images. Organ interposition 
was seen as presence of any organ (liver, spleen, or colon) along the line from the posterior most calyx to the posterior axillary 
line in the upper, middle, and lower poles of both the right and the left kidney. If there was presence of organ interposition 
along the above-mentioned path, it was noted as “yes” and if there was no organ interposition, it was noted as “no” (figure 1-4). 

Figure 1. Shows presence of organ (liver) interposition in supine position. 
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Figure 2.  Shows no organ interposition in supine position.

Figure 3. Shows presence of organ (liver) interposition in prone position.
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Figure 4. Shows no organ interposition in prone position.

We have done multiple pilot studies to mark the posterior axillary line to visualize that mark on the CT scan image. We first 
used a metallic wire, but it led to artefacts. We then used a 9 fr infant feeding tube and it was not clearly visible. We then used 
a 6 fr ureteric catheter to mark the posterior axillary line by affixing with a tape over the posterior axillary line in standing 
position. It showed no artefacts and it was clearly visible on CT scan images.
The renal access tract length was calculated from the posterior axillary line on the surface of the skin to the posterior most 
calyx in the middle and lower poles, and the posterior most aspect of the lateral calyx in the upper pole (figure 5,6). This 
technique was used to measure the access tract lengths of upper, middle, and lower pole. Maximum renal access angle was 
measured or defined as angle between the lateral margin of paraspinous muscle to the posterior most border of either the 
liver, spleen, or colon (figure 7,8).
We have also seen for the proportion of pleural interposition along the path from the posterior axillary line to upper calyx in 
both supine and prone positions on the right and left sides. If there was presence of pleural interposition along the above-
mentioned path, it was noted as “yes” and if there was no pleural interposition, it was noted as “no” (figure 9,10).
Proportion of organ interposition, mean access tract lengths and maximum renal access angle were calculated and tabulated 
using the same calyx in supine and prone images for upper, middle, and lower poles for right and left kidneys and statistical 
significance was calculated. Statistical analysis was performed using Microsoft excel. To compare the measurements, student’s 
t-test was used.
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Figure 5. Shows access tract length in Supine Position.

Figure 6. Shows access tract length in prone position.
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Figure 7. Shows maximum renal access angle in supine position.

Figure 8. Shows maximum renal access angle in prone position.
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Figure 9. Shows presence of pleural interposition in prone position.

Figure 10. Shows no pleural interposition in supine position.
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RESULTS

52 patients were included in this study. There were 23 males 
and 29 females ranging in age from 22 years to 70 years 
(mean: 44.17).

Organ interposition
The results are summarized in table 1. The proportion of 
organ interposition for the upper, middle, and lower pole of 
the kidneys were compared in supine and prone positions on 
both the right and the left side. The difference in the organ 
interposition between the supine and the prone positions 
was not statistically significant.

Table 1

ORGAN INTERPOSITION (n = 52)

RIGHT KIDNEY YES NO p-value

UPPER 
POLE

Supine 33 19 0.42

Prone 29 23

MID POLE Supine 6 46 0.51

Prone 4 48

LOWER 
POLE

Supine 1 51 0.99

Prone 2 50

LEFT KIDNEY YES NO p-value

UPPER 
POLE

Supine 32 20 0.12

Prone 24 28

MIDDLE 
POLE

Supine 3 49 0.49

Prone 6 46

LOWER 
POLE

Supine 2 50 0.27

Prone 6 46

	

Pleural interposition
The results of pleural interposition are summarized in table 
2. On the right side, 2 patients had pleural interposition in 
supine position, while 9 patients had pleural interposition 
in prone position (p = 0.03). On the left side, no patient had 
pleural interposition in supine position, while 3 patients had 
pleural interposition on prone position (p = 0.24). These 
differences were statistically significant on right side but not 
on the left side. 

Table 2

PLEURAL INTERPOSITION (n=52)

YES NO p-value

RIGHT SIDE Supine 2 50 0.03

Prone 9 43

LEFT SIDE Supine 0 52 0.24

Prone 3 49

Renal access tract length
The results are summarized in table 3. The mean right sided 
supine tract length was 69.93 mm vs 61.74 mm in the prone 
position (p = <0.001). The mean left sided supine tract length 
was 69.78 mm vs 63.51 mm in prone position (p = <0.001). The 
access tract length was less in the prone position compared 
to supine position on both the right and left sides. The 
differences between supine and the prone positions were 
statistically significant. 

Table 3

ACCESS TRACT LENGTH VALUES (n=52)

RIGHT KIDNEY Mean p-value

UPPER POLE Supine 66.17 0.015

Prone 61.77

MID POLE Supine 67.78 0.008

Prone 60.95

LOWER POLE Supine 76.27 <0.001

Prone 64.68

LEFT KIDNEY Mean p-value

UPPER POLE Supine 66.18 0.03

Prone 61.77

MIDDLE POLE Supine 67.28 0.02

Prone 61.23

LOWER POLE Supine 75.88 0.008

Prone 67.71

ACCESS TRACT LENGTH OVERALL VALUES

Mean p-value

RIGHT KIDNEY Supine 69.93 <0.001

Prone 61.74

LEFT KIDNEY Supine 69.78 <0.001

Prone 63.57
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Maximum renal access angle
The results are summarized in table 4. The mean right sided 
supine access angle was 73.570 vs 69.030 in the prone 
position (p = 0.4). The mean left sided supine access angle 
was 73.780 vs 64.700 in the prone position (p-value = 0.025). 
The maximum renal access angle was greater in the supine 
position compared to the prone positions and the differences 
between the supine and the prone positions were statistically 
significant on the left side but not on the right side. Despite 
the differences between supine and prone positions were not 
statistically significant for the right side, the differences were 
statistically significant for the right lower pole.

Table 4

ACCESS ANGLE VALUES (n=52)

RIGHT KIDNEY Mean p-value

UPPER POLE Supine 30.43 0.81

Prone 32.13

MID POLE Supine 82.30 0.87

Prone 81.07

LOWER POLE Supine 107.98 0.02

Prone 93.88

LEFT KIDNEY Mean p-value

UPPER POLE Supine 30.43 0.61

Prone 32.12

MIDDLE POLE Supine 90.32 0.04

Prone 76.29

LOWER POLE Supine 96.85 0.01

Prone 80.15

ACCESS ANGLE OVERALL VALUES

Mean p-value

RIGHT KIDNEY Supine 73.57 0.4

Prone 69.03

LEFT KIDNEY Supine 73.78 0.025

Prone 64.70

DISCUSSION

Percutaneous entry into the kidney was initially started with 
the prone position and now it is also being done in supine 
position. The reason for preferring the prone position over 
supine position was regarding the presumed decreased risk 
of visceral injury in prone position.
The measurements were calculated using axial images as 

like all the prior studies done to evaluate anatomical changes 
between patient’s position were done using axial images 
[7,8,9].
The access tract length is important for many reasons. The 
access sheath within the lumbar fascia and parietal muscles 
acts as a fulcrum [9]. As a result, the farther this is from 
the skin towards the collecting system, the lesser is the 
manoeuvrability of the sheath within the collecting system 
leading to lesser stone free rates. This leads to more torque 
being applied and high chances of bleeding. As the access 
tract length increases, longer access sheaths are required.
In our current study, the mean access tract length was 
significantly shorter in prone position compared to supine on 
both the right and left sides. The right side was shorter by 
8.19 mm (p <0.001) and the left side was shorter by 6.21 mm 
(p <0.001). Our findings were similar and supported by the 
study published by Duty et al [9].
The access angle represents the area for all the potential 
points of entry for access tracts. Therefore, a wider access 
angle gives a larger safety margin for entry into the collecting 
system, thereby facilitating higher stone free rates. In our 
study, it was found that the mean access angle in the supine 
position on the right side is 73.570 vs 69.030 in the prone 
position (p = 0.4). The mean left sided access angle in the 
supine position was 73.780 vs 64.700 in the prone position (p 
= 0.025). The differences between the supine and the prone 
positions were statistical significance on the left side but not 
on the right side. Our findings were contrary to the study 
published by Duty et al [9], which described a wider access 
angle in the prone position.

Our study has a few limitations
1.	 The study was conducted only through CT scan images 

without any clinical correlations. We thought that 
correlating with clinical findings during PCNL procedure 
will have surgeon’s bias as well as case bias.

2.	 We have used a fixed mark of entry into the collecting 
system (which is the posterior axillary line) to compare 
the organ interposition in prone position as compared 
to supine. As a result, our studies showed a higher 
organ interposition. Whereas in clinical scenario, the 
surgeon will change the entry point into the calyx as per 
the convenient entry into the desired calyx.

3.	 Due to increased risk of radiation, we have taken plain 
and nephrogenic phases of CT scan in supine position, 
and excretory phase in prone position. Had the plain 
nephrogenic and excretory phase been done in both 
the prone position and supine position individually, the 
amount of radiation would have increased. But this did 
not change the outcome of our study.”
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CONCLUSION

Puncture for PCNL attempted in prone position could have an 
advantage of having a shorter access tract length compared 
to supine position, thereby giving more manoeuvrability for 
the access sheath within the collecting system. Puncture for 
PCNL attempted in supine position (especially for middle 
and lower calyx) could have an advantage of having a wider 
access angle compared to prone position, thereby giving 
wider access to puncture a targeted calyx. Upper calyceal 
puncture for PCNL attempted in prone position has a high 
chance of pleural interposition compared to supine position, 
with the right sided upper calyceal puncture having a higher 
chance of pleural interposition (statistically significant). Organ 
interposition, though not statistically significant, puncture 
of upper calyx has a higher chance of organ interposition in 
supine position compared to prone position. Therefore, if an 
upper calyceal puncture is attempted in prone position, it 
could have a less likelihood of having an organ interposition, 
but could have a high likelihood of pleural interposition 
compared to supine position. But this study is based on the 
interpretation of findings of the CT scan images and need 
clinical correlation.
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