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Abstract

Percutaneous nephrolithotomy (PCNL) is the regular surgery for treating large or complex renal stones. Since its first
inception, many variations have come in the approach including the modifications of patient position. The prone position is
traditionally used, and subsequently, variations in prone and supine technique have been proposed and assessed over time.
In an attempt to provide comprehensive information about the strategy applications of patient’s position, the present review
describes the position-related general basis, and provides a literature review of the pros and cons of various positions from
a surgical and anaesthetic point of view. Latest evidence has shown the major advantages of supine PCNL compared with
standard prone PCNL to be as follows: optimal cardiovascular and airway control; shorter operation time due to lack of the
need for repositioning; opportunity for a combined retrograde approach. However, the prone position provides a broader
surface area for percutaneous access; a wider space for manipulating the nephroscope and lithotripters; and opportunity
for bilateral simultaneous PCNL. To overcome their respective limitations, various positioning modifications have been
proposed. However, most reports are based on case series and/or have not obtained their results in a randomized controlled
fashion and/or have not been analysed according to stone complexity and particular body status (e.g. obesity, etc.), thereby
limiting the ability to make strong recommendations. One important caveat is that endourology training of supine PCNL
would increase supine popularization, and the prone ureteroscopic technique would overcome the difficulty of endoscopic
combined intrarenal surgery in the prone position. Thereby, adequate training in the different techniques for PCNL is impor-
tant for optimizing the indications and treatment outcomes.
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Introduction

Percutaneous nephrolithotomy (PCNL) is the reference
standard treatment for complex and/or large stone burden.
Since its first inception in 1976, the progress of PCNL
takes place throughout each step of the whole operation
including miniaturized instrumentation and access tracts,
methods of access puncture guidance, tract dilation, stone
disintegration, stone removal, post-operative nephrostomy
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tube management, and patient position modifications [1].
Although the prone position is traditionally used to perform
PCNL, anaesthetic concerns, especially in the morbidly
obese or other high-risk patients and the need to reposition
the patient during the procedure, were the reasons that ini-
tially provoked urologists to explore alternative positions.
Second, the advancement of flexible ureteroscopy makes it
possible to remove kidney stones in a combined antegrade
and retrograde approach, which also prompts the urologist
to modify the surgical positions. Since the supine position
was initially introduced by Valdivia et al. [2], variations
in the prone and supine positions have been proposed and
assessed over time [3]. To provide comprehensive informa-
tion about the strategy of the patient’s position, the present
review describes the position-related general basis, and
provides a literature review of the pros and cons of vari-
ous positions from a surgical and anaesthetic point of view.
The evidence acquisition was based on the non-systematic
literature search in PubMed. We identified original or review
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articles focused on PCNL position and restricted to those in
the English language.

Prone position

Traditionally, retrograde ureteral catheter placement is usu-
ally performed in the dorsal lithotomy position, and then
the patient is turned to a classic prone position to perform
PCNL (Fig. 1a). Rolled saddle is placed under the rib cage/
upper abdomen or a Montreal mattress is used (Fig. 1b), to
push the kidneys more posteriorly, to obtain more space for
accessing the kidney, to minimize the risk of pressure injury
and pulmonary compromitation and to facilitate ventilation
[4, 5]. Pressure points (knees, feet, forehead, eyes, elbows,
fingers) are well padded; the shoulders are abducted to 90°,
and the elbows are flexed to 90° and lie on an arm board
to prevent brachial plexus injury. To support the head and
keep the neck neutrally aligned in the prone PCNL, the head
is usually turned to the side on a pillow, or supported by a
protective helmet system (Fig. 1b) [5].

The prone position provides a broader surface area for
percutaneous access, allows a favourable posterior lower
calyx puncture or multiple access tracts, provides a wider
space for manipulating the nephroscope and lithotripters,
and a good collecting system distension for better vision,
and a lower risk of perirenal visceral injury [3, 6, 7]. Particu-
larly in patients with multiple calyx stones or with branched
calculi extending into the calyces, endoscope mobility is
essential. The prone position also facilitates the upper pole
puncture because the postero-medial location of the upper

pole is closer to the posterior abdominal wall [8]. With the
patient in the prone position, the percutaneous tract to the
kidney can be established under fluoroscopy or ultrasound
guidance. Furthermore, bilateral simultaneous PCNL has
been demonstrated to be safe and effective and this can be
done in the prone position [9]. For many years the prone
position was the only position used. However, performing
PCNL in a prone position also has several disadvantages,
such as a relatively longer overall operation time owing
to repositioning, possible lesions of the cervical spine or
peripheral nerves, ocular injuries, ventilatory compromise,
and reduction in cardiac index [1, 6, 7]. Rolling the patient
into the prone position must be undertaken with great care as
risks include the potential for cervical spine injury, corneal
abrasion and increased per orbital pressure, which can result
in decreased perfusion to the optic nerve and rarely result
in vision loss, as well as brachial plexus compression if the
arms are not positioned correctly.

Modifications of the prone position

Modifications of the prone position include the reverse
lithotomy position, split-leg, and prone-flexed positions.
The reverse lithotomy position was introduced as a standard
prone modification to allow simultaneous retrograde access
to the upper urinary tract during PCNL (Fig. 1c). This posi-
tion combined with retrograde approach was first reported
in female patients in 1988 [10]. According to the initial
description, the patient is placed prone and the patient’s
thighs and knees are placed in a moulded plastic cradle.

Fig. 1 Prone position and its prone modifications. a Standard prone position [8]. b The Montreal mattress and the Prone view protective helmet
system [5]. ¢ The reverse lithotomy position [10]. d, e The prone split-leg position [12]. f The prone-flexed position [8]
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The legs are then abducted at the hips; the caudal end of the
operating table is lowered as far as possible. The operator
approaching from the caudal end of the table could enter
the urethra, bladder, and ureter with the ureteroscope while
remaining in a comfortable position. However, this position
is seldom used by other groups of urologists.

Then, Grasso et al. [11] further modified the prone posi-
tion into what they called the “prone split-leg position”. This
position allows easier simultaneous percutaneous and tran-
surethral access both in female and male patients. Two soft
padded rolls are placed under the thorax and upper abdomen
to facilitate ventilation. The lower extremities are placed
on two padded adapters in the plane of the operating table
that allow the extremities to be split as much as 45°. The
genitalia are positioned at the bottom of the operating table,
making room for retrograde access. This position obviously
decreases the operation time and the need for operation staff
to carry out multiple patient transfers. However, perform-
ing flexible cystoscopy and ureteroscopy is challenging in
the prone position. Recently, Hamamoto et al. demonstrated
that flexible ureteroscopy in the prone split-leg position is
a viable technique (Fig. 1d, e) [12]. It allows easy insertion
of the ureteral sheath and access of the ureteroscope to the
renal pelvis.

Another modification of the prone position is the prone-
flexed position (Fig. 1f) [8]. This position provides a larger
surface area and wider working space. After the patient is
placed in the prone position and the operating table flexes
30° to 40° to increase the space (about 2.9 cm) between the
12th rib and the posterior iliac crest. This means that this
position provides improved access to the upper pole and
more mobility for lower pole PCNL. When in this position,
the kidneys are displaced inferiorly in the retroperitoneum.
Because of this modification, a supra-11th rib access may
be converted to a supra-12th rib or a supra-12th to an infra-
costal access. However, the prone-flexed modification may
further increase difficulty in maintaining anaesthesia, par-
ticularly in obese patients or those with cardiovascular or
respiratory compromise, due to the airway increased pres-
sures and the decreased cardiac index.

Supine position

Although standard and modified prone positions have been
successfully performed, they still have drawbacks related to
increased cardiopulmonary risks. To overcome these draw-
backs, supine PCNL was introduced. Valdivia and associates
first described the supine PCNL in 1987 [2, 13] (Fig. 2a).
The patient is placed supine with the side of interest on the
lateral extreme of the operating table. The affected flank
is elevated with a one 3-L bag of fluid placed under the
lumbar fossa. The patient is completely stretched out with

extension of the ipsilateral leg. The ipsilateral arm is posi-
tioned across the thorax and soft pads are applied to pressure
points. Several studies have reported favourable outcomes
and the technical benefits of this technique. Theoretically
and practically, the advantages of supine PCNL compared
with standard prone PCNL are as follows: (1) optimal cardi-
ovascular and airway control, (2) better in high-risk patients
with heart failure or in obese patients, (3) shorter operation
time due to lack of need for repositioning, (4) opportunity
for a combined retrograde approach, (5) better stone frag-
ment washout due to the horizontal dorsal sheath angle, and
(6) less radiation exposure to the surgeon’ hands. However,
supine PCNL also has several limitations, such as (1) lim-
ited space for renal puncture and nephroscope mobility; (2)
upper pole calyx puncture is more challenging; (3) a greater
challenge for puncture and tract dilation due to high kid-
ney mobility; (4) decreased filling of the collecting system,
which is constantly collapsed.

Modifications of supine position

Various modified positions have recently been proposed. The
advantage of these positions is mainly focused on the pos-
sibility for simultaneous antegrade and retrograde access to
the kidney without repositioning, and with more and more
space area for puncture and nephroscope manipulation.

The early modified Valdivia position (Fig. 2b) was
described by Valdivia et al. to allow the use of simultaneous
retrograde and percutaneous access to the urinary tract, and
to preserve all the surgical and anaesthesiological advan-
tages of the previous Valdivia position. The difference is that
the legs are flexed in supports, with the ipsilateral leg more
elevated and the contralateral more descended, to facilitate
the use of a ureteroscope.

The Galdakao-modified Valdivia position (Fig. 2c)
renewed the attention of the urological community to supine
PCNL, which was described by Ibarluzea et al. [14]. Itis a
supine decubitus with a lithotomic arrangement of the legs.
The supine Valdivia position is the same, the patient lies
supine with a 3-L saline bag under the flank or by two sepa-
rate jelly pillows placed under the thorax and the hip, but the
leg of the operated side is extended, while the contralateral
one is well abducted, achieving a modified lithotomy posi-
tion. The ipsilateral arm is bent over the thorax. Advantages
for the Galdakao-modified Valdivia position include greater
versatility of stone manipulation along the whole upper uri-
nary tract, given the increasing use of combined or subse-
quent retrograde and percutaneous access to the urinary tract
with both rigid and flexible instruments.

The Barts-modified Valdivia position (Fig. 2d) offers a
large surface area for access with easy manipulation of the
nephroscope, as the trunk is placed at 90° to the operating
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Fig.2 Supine position and its prone modifications. a The original
Valdivia supine position [2]. b The modified ‘Valdivia’ position [3].
¢ The Galdakao-modified Valdivia position [14]. d The Barts tech-
nique modified supine position [15]. e, f The Barts flank-free supine

table [15]. The patient is placed in the lithotomy position
with the ipsilateral hemi-pelvis tilted by 45°, supported by a
foam wedge. The ipsilateral lower limb is slightly flexed in a
ventral direction and follows the lateral rotation of the trunk,
while the contralateral lower limb remains fully abducted.
However, this position cannot be used for every patient as
it requires musculoskeletal mobility and flexibility of the
spine. The position results in rotation of the kidney such
that the calyces are viewed end on and also the spine lies in
the field of the collecting system. Therefore, puncture is dif-
ficult to achieve under fluoroscopy alone and often requires
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position [16]. g The supine oblique position [17]. h The semi-supine
position [18]. i The lateral/flank position [21]. j The complete supine
position [22]. k, 1 The modified complete supine position [24]

ultrasound guidance. Simultaneous retrograde intrarenal sur-
gery is possible but from a position of relative unfamiliarity
due to the rotated position. In this position, the kidney is
hypermobile. There is therefore the risk that puncture and
guidewire manipulation is more difficult.

The Barts flank-free-modified supine position (Fig. 2e,
f) was introduced with good exposure of the flank, and also
incorporated a lithotomy position, but with less rotation of
the torso [16]. The patient is supine with a 15° tilt of the ipsi-
lateral flank made using a saline bag under the rib cage and
a gel pad under the pelvis. The ipsilateral arm lies across the
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chest. The legs are placed in the lithotomy position with the
ipsilateral leg relatively extended and the contralateral leg
abducted and slightly elevated. This modification increases
the distance between the last rib and iliac crest, and moving
the cushion from under the flank (as in the original Valdivia
position) to under the rib cage provides ample free-flank
space for the puncture, dilatation and manipulation of the
stone. This manoeuvre allows easy access to the posterior
calyx. The kidney is also less mobile and puncture and dil-
atation are consequently easier. Hence, there is a smaller
operating field because the tract is fairly horizontal and on
occasion makes the scope more difficult to manoeuvre.

Other various modified positions

In addition, other various modified positions have also
been proposed. The supine oblique position (Fig. 2g) [17]
is a position without a cushion and consists of placing the
patient in the lateral position while the patient leans with his/
her back in a 45° angle with the operating table to perform
PCNL. No cushion is placed on the side but two 25-cm-
length rolls of sheets are padded, one at hip level, the other
one at scapula level so that the patient can lean on them.
After that, the patient is fixed at trochanter and thorax level
with surgical tape, and if necessary, a slight angulation to
the table is adjusted to facilitate the approach. The authors
commented that this position facilitates the action of the
anaesthetist in cases with severe patients, if necessary, and
the replacement of the patient to a supine position in a few
seconds.

Recently, Xu et al. [18] further modified the semi-supine
PCNL (Fig. 2h), and three methods were introduced to set
the patients in a 45° semi-supine position. They reported
a single centre experience of 542 patients using this tech-
nique. They showed a high stone-free rate for either single
calculi (92.2%) or for staghorn calculi (72.9%). They also
could obtain tracts from the upper (12.1%), middle (63%)
and lower calix (24.9%). The authors commented that the
semi-supine position could avoid the inconvenience caused
by a prone or supine position. The patient is able to remain
more comfortable during the procedure, and anaesthesia
monitoring is comparable to that of the supine position. In
addition, there is enough space (from the anterior axillary
line to the subscapular angle line) to set up the PCNL tract
as is performed in the prone position. This position also
facilitates the ability to achieve an adequate sterile field.
However, there is also no readily available retrograde access
to the urinary tract and hence combined procedures are not
possible.

Kerbl et al. [19] proposed a lateral decubitus position for
performing PCNL. Initially, this position is performed in
patients who are unable to tolerate anaesthesia in the prone

position. Gofrit et al. [20] reported on PCNL in patients in
the lateral decubitus flank position in three morbidly obese
and kyphotic patients. The lateral position is very famil-
iar to urologists, and may minimize the hemodynamic and
respiratory risks and allow for increased patient comfort
and safety; however, the lateral position is inconvenient for
PCNL guided by a C-arm (Fig. 2i) [21], and the working
tract is nearly vertical to the operating table, which limits
the evacuation of stone fragments.

Falahatkar et al. [22] reported a complete supine PCNL
(Fig. 2j) with no rolled towel under the flank and no change
in leg position, and they reported that this technique was safe
and feasible in all patients [23]. However, there were draw-
backs with supine PCNL noted as well. Due to the restricted
exposure of the surgical field, the surface for renal puncture
would be quite narrow, thus resulting in obvious restriction
in access and angle of entry. Fabio et al. [24] reported a
modified complete supine position (Fig. 2k, 1). It needed
no pads under the flank, and the patient remained in the
supine position with the posterior axillary line located just
outside the border of the surgical table, and the flank was
extended to increase the space between the last rib and the
iliac crest. The ipsilateral arm was positioned over the tho-
rax, and the legs were kept straight and positioned slightly
apart. It provided a broader area for renal puncture and surgi-
cal instrumentation. However, both positions limit the use of
a combined approach to remove the kidney stone.

Discussion

Positioning the patient for a surgical procedure is a shared
responsibility between the surgeon, the anaesthesiologist,
and the nurses in the operating room. The optimal position
may require a compromise between the best position for sur-
gical access and the position that the patient can tolerate.
The chosen position may result in physiological changes and
can result in soft tissue injury (e.g., nerve damage, pressure-
induced injury or ulceration, or compartment syndrome).
All positions used for surgery can cause cardiovascular
and pulmonary changes. Most commonly, with level prone
positioning, there is a reduction in cardiac index, which has
been attributed to reduction in venous return to the heart and
reduced left ventricular compliance as a result of increased
intrathoracic pressure. Abdominal compression in the prone
position can cause vena cava compression, reduction in
venous return resulting in hypotension, venous stasis, and
increased pressure in the epidural venous plexus. It also
can cause cephalic displacement of the diaphragm, reduced
pulmonary compliance, and increased peak airway pressure
[25]. There are minimal horizontal gradients in the vascular
system in the supine position. Heart rate (HR) and periph-
eral vascular resistance are generally lower in the supine
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position compared with those in the prone positions. There
is easy and rapid access to the airway in the supine posi-
tion. Al-Dessoukey et al. [26] compared the haemodynamic
alterations when changing body position from upright to
oblique supine position and prone position, and they found
significant differences in anaesthesiological parameters (the
mean heart rate changed by —0.82 and + 13.28 beat/minute,
the peak air way pressure changed by + 1.08 cm H,O and
+7.56 cm H,0 and the mean dropped blood pressure by 2.0
and 14 mmHg in supine and prone positions, respectively).
In addition, some particular concerns with the prone position
were required including turning prone, torso support, neck
position, and protecting the face. However, in the absence
of abdominal compression, the prone position may result in
beneficial effects on pulmonary function. In healthy volun-
teers breathing spontaneously, functional residual capacity
increases in this position [27].

PCNL is the major method of treating complex renal
stones, and is traditionally performed in the prone posi-
tion [1, 28]. Recent systematic reviews demonstrated that
prone positioning is widely applied because it is believed to
avoid abdominal visceral injuries, and it allows a wide field
for renal puncture and simple execution of multiple access
tracts, and imposes no limits on instrument manipulation [3,
6,7, 28]. However, patients with severe kyphosis, morbidly
obese patients, and patients with marginal lung and heart
function do not tolerate the prone position well [29].

Some investigators have begun to explore methods of car-
rying out PCNL in a more comfortable and safe operating
position. The supine decubitus position progressed, display-
ing its advantages over the prone decubitus position [3, 6, 7,
28]. But when PCNL was performed in a supine position, the
flank renal puncture area was limited to between the anterior
axillary line and the posterior axillary line. The puncture
site and angle might also be restricted. Therefore, suggested
ways to overcome the original supine limitation would be
either to tilt the table toward the contralateral side or to mod-
ify the supine position such as lateral decubitus, Galdakao-
modified Valdivia position, Barts flank-free-modified supine
position, supine oblique position. These modifications can
benefit either the simultaneous RIRS to the kidney without
repositioning, or the ability and ease of making and dilating
multiple tracts, larger space area for nephroscope manipula-
tion as possible [30]. But it is acknowledged that each supine
position has its limitations.

There are numerous data comparing the supine PCNLs
with the prone position. At the time of writing, five meta-
analyses comparing supine and prone PCNL have been
published [31-35]. The early two meta-analyses [33, 35]
included two prospective RCTs and two case—control studies
and showed that the supine position was associated with a
significantly shorter operating time than the prone position
with no difference in success rate, complication, transfusion
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rate, and fever rate. The rates of colonic injury, pelvic perfo-
ration and failed access were also comparable between the
supine and prone positions. These data favour the supine
position as an alternative option for the removal of renal
calculi by PCNL. Three years later in 2014, Zhang et al. [32]
included more studies in their meta-analysis and found that
the supine position was still associated with a significantly
shorter operation time but with a lower stone-free rate than
that in the prone position. There was no difference in hos-
pital stay and complication rate. Interestingly, Yuan et al.
[34] performed this meta-analysis and included 13 studies
(six randomized controlled trials and seven retrospective
studies). This analysis confirmed that the supine position
resulted in a lower stone-free rate and a shorter operation
time, but they also showed a lower incidence of blood trans-
fusions in the supine groups and no difference in total com-
plications. However, the most recent meta-analysis updated
by Falahatkar et al. [31] concluded that supine PCNL had
similar stone-free rates, operation time, and hospital stay
relative to prone PCNL. However, the supine position has
the advantage of less fever and need for blood transfusion.
While familiarity with the procedure performed in the supine
or prone position may affect the success and efficiency of
the operation, it is important to note that there was a high
degree of heterogeneity of the studies in these analyses as
the majority of the patients included in this analysis were
from the CROES database. Furthermore, there is a paucity
of data comparing the modified supine to the prone posi-
tion [36-38], and most reports about position modifications
are case series and/or are not analysed according to stone
complexity and special body status (obese, age, high-risk
patients, etc.) [28, 39-41], thereby limiting the ability to
make strong recommendations and the current literature has
no clear consensus on which position is superior.

Conclusions

Even though various positioning modifications have been
proposed over years, neither the American Urological Asso-
ciation nor the European Association of Urology guidelines
give recommendations on the best position during PCNL.
Each modification has its strengths and weaknesses. Well-
designed, randomized, multi-institutional studies are cer-
tainly needed to better understand the indications for these
modified position techniques before considering which of
them is the superior position with the potential for replacing
conventional prone PCNL. There is one important caveat.
Endourology training of supine PCNL would increase supine
popularization, and the prone ureteroscopic technique could
overcome the difficulty of endoscopic combined intrarenal
surgery in the prone position. Thereby, adequate training in
the different techniques for PCNL is important to optimize
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indications for the right patient and stone burden, and then
be benefit for treatment outcomes.
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