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Abstract: Percutaneous nephrolithotomy (PCNL) is the gold standard procedure for treatment 

of large stones and complex kidney disorders, but its morbidity remains the highest among stone 

treatment procedures. In pursuit of minimizing complication rates, surgeons have developed 

different variations of the classic prone position in which PCNL is usually performed; one 

among them is supine position. In this study, we review the literature and present all available 

evidence on different variations in positioning during PCNL, in an effort to identify if there is 

a position that can minimize the morbidity of this procedure.
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Introduction
Soon after percutaneous nephrolithotomy (PCNL) was included in the urologists’ 

toolkit, it became the gold standard procedure for treatment of large (>2 cm) renal 

stones; moreover, it is an important alternative for treatment of lower pole (even 

<1.5 cm) and complex stones and anatomic abnormalities of the kidneys.1 Despite 

increased experience, acquired through many years of use, the morbidity of PCNL 

remains the highest among stone treatment procedures.2,3 In pursuit of minimizing 

complication rates, many surgeons embarked on a journey of improving this old 

procedure. Since prone positioning was the standard positioning for performing 

PCNL, contributing at the same time to increased morbidity, mainly due to cardiac 

and respiratory encumbrance,4 our study mainly focused on patient positioning 

during PCNL. This quest, which began with the introduction of the supine position 

but Valdivia et al.,5 resulted in many variations of patient positioning, each one of 

which having its own advantages and disadvantages. In our study, we review the 

literature and present all available evidence on different variations in positioning 

during PCNL in an effort to identify if there is a position that can make minimize 

the morbidity of this procedure.

Methods
Our study included articles in English language, indexed in the Medline database 

from 1990 to 2018. Our search mainly focused on meta-analyses, systematic reviews 

and randomized controlled trials (RCTs) to obtain a high level of evidence. The key 

words that were used during our search were PCNL, complication rates, position-

ing, prone and supine. Case reports and series and editorials were excluded from 

our study.
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Positioning
Percutaneous nephrolithotripsy was introduced to urologists 

through the pioneer work of two surgical teams, Fernstrom et 

al and Castaneda-Zuniga et al, who performed PCNL in the 

classic prone position and reported excellent results with mini-

mal complication rates.6,7 Since then, PCNL has become the 

golden standard procedure for treatment of large or staghorn 

kidney stones and all surgeons have positioned their patients 

in the prone position without any deviations. It took surgeons 

more than 12 years to start practicing various modifications of 

the classic prone position. Through their work, modified prone 

positions were introduced including, but not limited to, reverse 

lithotomy position,8 prone split leg position9 and prone flexed 

position.10 All the above techniques require turning the patient 

to the prone position with several risks including cervical spine 

injury and skeletal or eye complications11 that require extreme 

care in the alignment of the patient in the most neutral position. 

The need to deal with the aforementioned drawbacks, along 

with the anesthesiology considerations, incites surgeons to 

develop novel positions, and the first team to report one such 

position was Valdivia Uría et al as early as 1987 which is called 

supine position.5 As expected, many surgeons modified this 

position and published their results, with Galdakao-modified 

Valdivia position, Barts technique, complete supine position 

and Barts flank-free modified position being among the most 

popular modifications.12–15 One of the practical advantages 

of the prone technique is the easier identification of the cor-

rect calyx while theoretically minimizing injuries of adjacent 

structures, whereas the main hypothetical advantage of the 

supine position is the minimization of cardiac and respiratory 

encumbrance and the easier puncture of the upper calyx.16 In 

addition, one of the most important advantages of the supine 

position is that it allows to simultaneously perform retrograde 

intrarenal surgery (RIRS). This surgery can be routinely per-

formed in the supine-modified positions such as Galdakao-

modified Valdivia position, Barts-modified Valdivia position 

and Barts flank-free modified postition.12–15 Nevertheless in 

the first two techniques, performing RIRS simultaneously 

with the percutaneous procedure is challenging and requires 

experience, because the rotation of the trunk produces a 

relatively unfamiliar position for ureteroscopy.17 In addition, 

it is important to stress that despite the common belief, the 

percutaneous procedure in complete supine position, cannot 

be easily combined with RIRS due to the fact that legs will 

not be in the lithotomy position.17

Stone-free rate
PCNL is a stone management surgery; therefore, inevitably, 

the two positions, supine and prone, will be compared in 

terms of their efficacy on the main target: stone-free rate. 

The above-mentioned comparison was the goal of several 

meta-analyses with conflicting evidence. Two of them found 

statistically significant difference in favor of the prone posi-

tion,18,19 while two failed to prove any difference between the 

two techniques (OR 0.95; 95% CI: 0.70–1.27; P=0.73).20,21 

Nevertheless, even in the above-mentioned studies that found 

differences between the two procedures, this difference was 

in a range of 3%–5%. It is important to emphasize that the 

meta-analysis of Falahatkar et al, which included more than 

4,335 patients from 20 studies (most of them were RCTs and 

prospective trials), provides the best level of evidence, since 

the evaluation of the included studies showed that most of 

them were of high quality.20 The meta-analyses by Yuan et al18 

and Zhang et al19 provide a good assessment of the quality of 

the included studies, and despite the fact that they included 

lesser RCTs, their funnel plot was symmetrical which indi-

cates low publication bias. Finally, the meta-analysis of Liu 

et al21 used a different tool for the assessment of RCTs and 

observational studies; however, there are no information 

about their publication data, which may have compromised 

their outcomes and quality.

Complication rate
Minimizing morbidity was the main goal of the introduction 

of supine positioning in PCNL. Initial reports were very 

promising in terms of complication rates, which fluctuated 

between 14% and 20% with minimal rates of serious com-

plications.22–25 Nevertheless, the most recent meta-analysis 

does not support this finding. Comparing prone and supine 

positions, researchers failed to prove any statistically sig-

nificant difference in terms of overall complication rates.18–21 

Furthermore, rates of pleural effusion26–29 and urinary leak-

age,30–33 surprisingly, do not seem to differ between the two 

techniques. However, a trend of higher fever rates in favor 

of the supine position has been shown in one of the studies.18 

In addition, injury to the bowel, even though an uncommon 

complication, has been the point of comparison between the 

two techniques for a long time. Most recent studies seem 

to clarify this important controversial issue, since the rate 

of colonic injury was found to be <0.3% in the prone posi-

tion,34,35 whereas when compared to the supine position, no 

statistically significant difference was proven (3.3% vs 3.4%, 

P=0.958).28

intraoperative and postoperative 
outcomes
Even though the prone and supine techniques do not seem to 

differ in the main end points, differences in the length of stay, 
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duration of the operation and blood transfusion could potentially 

alter the final verdict. In a recent study comparing prone and 

supine positions, operation time was significantly longer for 

the prone group (68.7 vs 54.2 minutes; P=0.04), whereas the 

mean hospital stay was not significantly different between the 

groups (2.6 vs 2.9 days; P=0.9), as was the case with the blood 

transfusion rates (P=0.7).36 The study of McCahy et al yielded 

similar results, with the supine position gaining superiority over 

the prone position in terms of operation time, while no differ-

ence was proven in terms of hospital stay and blood transfusion 

rates.37 Again, the results of the available meta-analyses should 

aid in determining if one of the techniques is superior over the 

other. Although data from all four meta-analyses seem to agree 

on hospital stay, which is reported as equal between the two 

techniques, this is not the case with operation time and blood 

transfusion rates, for which the data are controversial.18–21 In 

one of these meta-analyses, data imply that supine position is 

characterized by lower blood transfusions17 and less operative 

time.18,19,21 In contrast, in the large and most organized meta-

analysis, the authors state that the two positions do not differ 

in operation time.20 Prone technique requires 20–25 minutes 

to place the patient in a safe position, and it has, as mentioned 

before, a 3%–5% better stone-free rate. It is under debate 

whether this advantage is worth the delay.

Anesthesiology considerations
One of the main drawbacks of the prone position is supposed to 

be the encumbrance of the respiratory system and the difficul-

ties that the anesthesiologist needs to address. Even though this 

is one of the main reasons for developing the supine position, 

only scarce data exist in literature addressing this important 

issue. The most pronounced difficulty during prone position-

ing is maintaining an easy and optimal access to the airway 

tube and minimizing the risk of its displacement. In addition, 

anesthesiology factors, like peak inspiratory pressure, blood 

pressure and heart rate, could theoretically be altered during 

prone positioning, especially in obese patients, but researchers 

do not seem to agree with this assumption: even though obese 

patients have higher baseline peak inspiratory pressure, this 

does not depend on the patient’s position.38 In addition to the 

aforementioned anesthesiology difficulties associated with the 

pulmonary and cardiovascular system, there is an increased 

possibility of cervical spine injury and several other skeletal 

complications during the patient’s repositioning. Nevertheless, 

there are reports in literature that awake intubation and self-

positioning of the patients before the induction of anesthesia 

can minimize the above-mentioned risks.39,40

Obesity and special conditions
Obesity is a major issue in most surgeries, and PCNL is not an 

exception. There are numerous reports that prove the efficacy 

and safety of PCNL even in patients with a body mass index 

≥50 kg/m2.41–43 Most surgeons seem to prefer prone position 

over supine for obese patients, most likely due to the longer 

tract that increased subcutaneous fat produces.44 Despite the 

absence of RCTs comparing these two approaches, there are 

reports proving that prone and supine techniques have no 

advantage over each other in terms of stone-free and compli-

cation rates.45 For special conditions, the operation technique 

must be personalized: horseshoe kidneys may require prone 

access due to the anatomic placement of the upper calyces,46,47 

while patients with pelvic kidneys should be approached in 

supine position.48 The advantages and disadvantages of each 

technique are shown in Table 1.

Miniaturization
An important topic to address is whether miniaturization 

affects the outcomes of the procedure comparing between 

Table 1 Advantages and disadvantages of each position

Advantages Disadvantages

Prone 1. easy puncture
2. Routine dilatation with short tracts
3.	 Multiple	punctures	easier	due	to	large	operative	field
4. easier access in morbid obese patients
5. Preferred in horseshoe kidneys

1.	 No	or	difficult	synchronous	RIRS
2. 20–25 minutes more for a safe positioning
3. Challenging position for the anesthetist
4. Require patient repositioning (may 

increase rates of spine and skeletal injury)
Supine 1.	 Synchronous	RIRS	(in	some	modified	positions)

2. Routine position for anesthetist
3. No patient repositioning
4. Lesser time (in some studies)
5. Preferred in pelvic kidneys
6.	 No	requirement	for	fluoroscopy

1. Longer tracts (after dilatation)
2.	 Difficult	dilatation	due	to	increased	

mobility of kidneys (valdivia)
3.	 Limited	operation	field
4.	 Difficult	puncture	due	to	torso	rotation	

(Galdakao-modified	Valdivia)

Abbreviation: RiRS, retrograde intrarenal surgery.
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prone and supine positions. The data in the literature con-

cerning this subject are very limited. The main end point of 

a relatively recent study, enrolling more than 150 patients, 

was to compare the outcomes of mini-PCNL performed in 

these two positions. The authors failed to prove any statisti-

cally significant difference between the two approaches in 

terms of stone-free rates, complication rates and hospital 

stay but there was a trend of longer operation time in prone 

position.49

Conclusion
All data in literature point out that the supine position 

is a safe and efficient alternative to prone position, but 

its advantage over the prone position is far from proven. 

Supine position and its modifications provide a minor 

advantage in terms of operation time, but it is not superior 

to prone position in terms of other critical factors such as 

stone-free, complication and transfusion rates. We recom-

mend that the choice of the appropriate approach be based 

on the surgeon’s experience, the patient’s preference and the 

consideration of all the basic anatomic and physiological 

data of the patient.
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