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Abstract: This paper aims to give an exhaustive overview of supine percutaneous nephrolithotomy (PCNL)

illustrating some tips and tricks in order to optimize its execution in full safety. Critical review of Pros and

cons of supine PCNL is accomplished to allow the urologist to experience the beauty of this position while

being ready to overcome its minimal shortcomings.
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Percutaneous nephrolithotomy (PCNL) was first described
by Fernstrom and Johansson in 1976 in prone position (1).
Since then, this surgical approach has become the gold
standard for treatment of large stones and it has evolved
over time resulting in decrease in invasiveness and
morbidity and improvements in ergonomics and outcomes.
Originally, PCNL was performed in the prone position due
to concerns that other positions increased risk of inadvertent
colon injury during percutaneous puncture of the kidney. At
the time the original PCNLs were performed, intravenous
pyelography was the standard imaging modality for stone
disease and current modern cross-sectional imaging
techniques such as ultrasound or computerized tomography
(CT) were not commonly used—thus, the surgeons who
performed early PCNL did not have the knowledge of peri-
renal anatomy which is readily available to the modern
urologist.

In 1987, Valdivia Urfa postulated that PCNL could be
performed in the supine decubitus position and using pre-
operative CT scans for patient evaluation, demonstrated
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similar outcomes and complications for PCNL performed
in the supine position with potential advantages in terms
of ergonomics and the administration of anesthesia (2,3).
In addition, subsequent studies of the relationship of peri-
renal organs to the kidney using CT have demonstrated
that the risk of colon perforation, the complication
which drove early PCNL to be performed in the prone
position, is actually Jess risk in the supine position, with the
incidence of retro-renal colon position in supine versus
prone position being 1.9% versus 10% respectively (4),
definitely fading the idea of higher risk of puncturing the
colon in supine than in prone. Though prone position
remains the dominant position for PCNL, the use of supine
PCNL is increasing—20% of all PCNLs entered into
the Global PCNL study of the Clinical Research Office
of the Endourological Society were performed in the
supine position (5). Herein we review several approaches
to percutaneous renal access in the supine position, with
a focus on variations in patient positioning and puncture
technique.

Transl Androl Urol 2019;8(Suppl 4):5381-S388 | http://dx.doi.org/10.21037/tau.2019.07.09


https://crossmark.crossref.org/dialog/?doi=10.21037/tau.2019.07.09

$382

Figure 1 Valdivia’s position.

Evolution of patient positioning from Valdivia to
Valdivia-Galdakao to Giusti positions

In general, after positioning the patient, it is important to
mark the inferior edge of the 12* rib, the iliac crest and the
posterior axillary line on the patients’ skin in order for the
surgeon to maintain his or her orientation after the patients
are draped.

In our practice, we commonly position the patient 6 cm
away from the radiopaque edge of the operating table so
that the fluoroscopic evaluation of the kidney and puncture
tract are not impaired by the radio-opaque portion of the
operating bed. In some centers, newer radiolucent carbon
tables adapted specifically for endourological procedures
lack this radio-opaque edge and allow for the patients
to be positioned closer to the edge of the bed—this
may be advantageous in terms of maneuverability of the
nephroscope and decreased incidence of collision between
the nephroscope and the bed when the nephroscope is used
at wider angles. Finally, the ideal table should be able to
maneuver caudally so the C-arm can be used to evaluate
the entire genitourinary tract. If the bed does not meet this
requirement in its standard configuration, one solution is
to use the bed in reverse position or to add a Mayo table to
hold patients’ feet.

The original description of supine PCNL by Valdivia
included the placement of a 3-liter saline back beneath the
patient’s flank to improve exposure to the area where the
percutaneous puncture is performed (2) (Figure I). Over
the last decade different variations in positioning have been
described, lateral (6), complete supine (7) and modified
supine positions (8-10).

The most commonly used position is the Galdakao-
modified Valdivia position (8) which is an evolution of the
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Valdivia’s supine position. In this position, the patient’s legs
are placed in a modified lithotomy position with both legs
in stirrups in order to facilitate simultaneous percutaneous
antegrade access and ureteroscopic and also retrograde
transurethral access to the urinary system.

We have recently created a new modification to the
Galdakao-Valdivia position, in order to overcome potential
limitations in terms of nephroscope maneuverability
resulting from the nephroscope pushing against the stirrup
support (11), especially when trying to reach the upper
pole from a lower pole access. These new modifications
are termed “Giusti’s position” and are shown in Figure 2:
the patient is placed at the lateral edge of the table and the
flank is gently elevated by means of a small bolster to obtain
a mild rotation with an angle not exceeding 15-20°. The
ipsilateral arm is placed lying over the thorax avoiding any
stretch of the brachial plexus in order to allow for cephalad
free tilting of C-arm during puncture. The leg of PCNL
side is left straight on half of the operating bed without
the stirrup and a single stirrup is placed to support the
contralateral leg so there is substantial room for a second
surgeon to perform retrograde transurethral ureteroscopy
simultaneously.

Pros and cons of supine position
Pros

Improvements in anesthetic management
Supine position for PCNL certainly offers some advantages
over prone PCNL in terms of anesthesiologist management
including the following: improved access to the patient
for cardiovascular and pulmonary management, especially
during an emergency situation, less risk of injury to central
and peripheral nervous system (e.g., vascular, peripheral
nerve and cervical spine injuries, tracheal compression
and ocular damage) which are more commonly associated
with prolonged prone anesthesia, and less risk of
thromboembolism due to the lack of inferior vena cava
compression (12), and improved ventilator-associated
parameters for obese patients (13). Finally, fluid absorption
is also reduced in the supine position (14); this is particularly
important in patients with compromised cardiovascular
status (15) as well as those at risk for systemic infection due
to struvite or non-struvite stones colonized with bacteria.
Specific to issues with patient ventilation, the movement
of patients from the supine position to the prone position
after intubation in patients undergoing prone PCNL
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Figure 2 Giusti’s position.

Figure 3 Obese patient positioned for performing supine PCNL.
PCNL, percutaneous nephrolithotomy.

increases the risk of single-lung ventilation should the
endotracheal tube be displaced while the patient is
repositioned. Supine PCNL eliminates the risk of this
pulmonary complication. Moreover, there is no need
for extra anaesthesiologic equipment such as reinforced
endotracheal tubes, stabilizing helmet, specialized paddings
which may add additional cost to the procedure (16,17).

Improvements in patient positioning and shorter
operative time

Supine PCNL results in decreased workload for operating
room (OR) personnel because there is no need to reposition
the patient after ureteral catheter placement as is the case for
standard prone PCNL. For supine PCNL a single draping
and position is used throughout the entire procedure.
This advantage is even more evident in obese patients (18)
(Figure 3). The lack of need for repositioning the patient
after induction of general anesthesia or after placement of
ureteral catheter result in a shorter overall operative time for
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supine PCNL compared with prone PCNL which has been
demonstrated in several reports (19,20).

Decreased intrarenal pressures

In supine position, the angle of the renal sheath typically is
parallel to the floor or angled downward facing the floor.
This is the opposite of the orientation of the renal sheath
during prone PCNL, where the sheath is angled upwards
towards the ceiling (i.e., away from the floor). Angulation
of the renal sheath during supine PCNL therefore results
in in increased drainage of fluids and stone fragments from
the kidney. This continued spontaneous evacuation of fluid
from the renal pelvis in the supine position could potentially
lead to decreased renal pelvis pressures and theoretically
lower infectious risk after PCNL (21). One disadvantage
of the sheath angle in supine position is that the collecting
system may be more difficult to distend and this may
require greater amounts of fluid irrigation to perform
adequate endoscopic evaluation of the collecting system.

Decreased radiation exposure and improved ergonomics
of fluoroscopy

Radiological exposure to the surgeon is reduced during
supine PCNL because the surgeons’ hands are not directly
under the X-ray beam. This is in contrast to prone PCNL,
where there is significantly greater risk that the surgeon’s
hands are inside the radiation field when performing
standard prone access techniques of triangulated or bull’s
eye guided puncture. Nevertheless, no comparison data
have been published yet. Another advantage of supine
position, is that due to the more lateral skin position for
renal puncture in the supine position, there is typically
the C-arm can be moved freely to evaluate the entire
kidney during surgery without risk of “bumping into the
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Figure 4 Upper calyx approachability through the lower calyx in
supine PCNL. PCNL, percutaneous nephrolithotomy.

nephroscope” or “displacing the nephroscope” which may
occur more frequently in the prone position. Finally, in
addition, the surgeon can work comfortably sitting down
avoiding back stress due to prolonged uncomfortable
standing with patients in the supine position, which is not
possible when performing prone PCNL.

Easier endoscopic combined intrarenal surgery (ECIRS)
or simultaneous bilateral endoscopic surgery (SBES)

The supine position, either in traditional Valdivia-Galdakao
or in Giusti-modified Valdivia position, can facilitate
simultaneous manipulation antegrade and retrograde
transurethral approaches to complex stone disease. ECIRS-
supine PCNL with the addition of retrograde transurethral
flexible ureteroscopy (fURS) was popularized by Scoffone
in order to maintain high stone free rates of PCNL while
decreasing the need for additional punctures to render
patients stone free (22). ECIRS was firstly described by
Grasso et al. back in 1993 in prone position (23), but, the
lack of ergonomics of prone decubitus (i.e., the difticulty
of prone retrograde ureteroscopy for patients undergoing
prone PCNL) prevented the dissemination of this
integrated. On the other hand, retrograde ureteroscopy
at the time of PCNL is easily accomplished in the supine
position and ECIRS is commonly performed by those
who perform supine PCNL. Furthermore, supine PCNL
and ECIRS may facilitate “endovision technique” or
ureteroscopic-guided puncture during which puncture of
the targeted calyx can be monitored ureteroscopically in
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order to confirm proper placement of the needle through
the renal papilla.

Single-session bilateral PCNL has been shown to be
safe and feasible in the supine position. While one may
argue that in the case of single-session bilateral PCNL the
advantage of supine position (over prone position) in terms
of operative time is outweighed by the necessity of changing
position and draping between one side and the other, while in
prone there is no need for that (24). However, Proietti ez 4.
showed that the total operative time (120+45.4 minutes)
for single-session bilateral PCNL was comparable to those
reported in the literature for prone BPCNL (25).

Recent publications have described the newest frontier
in percutaneous stone surgery—SBES combining supine
PCNL and fURS in tandem fashion at the same time—
that is, one surgeon performs supine PCNL while
simultaneously another surgeon performs a contralateral
fURS (26). This novel technique was recently shown to
be safe and feasible in a pilot study and has theoretical
advantages of decreasing operative and anesthetic times in
patients with bilateral nephrolithiasis.

Improved endoscopic access to the upper pole from
lower pole puncture tract

Another aspect of PCNL that favors the supine position is
that upper calyx endoscopic approachability through the
lower calyx puncture tract is significantly higher in supine
than in prone PCNL. This is possibly due to a thinner
body wall, a thinner muscular layer, a lower muscle-to-fat
thickness ratio generating and a wider angle between the
lower and upper calyx axes afforded by the supine position.
Sofer er al. demonstrated that it is possible to reach the
upper calyx from the lower calyx puncture in 80% of
cases for supine PCNL compared with only 20% of cases
of prone PCNL (27) (Figure 4). We feel that this is an
important advantage of supine PCNL—access to the lower
pole, renal pelvis, and upper pole can more effectively be
accomplished through a lower pole puncture tract, which
may, in turn decrease the need for upper calyx puncture and
reduce the risks of thoracic complications associated with
upper pole puncture in the prone position (28).

Cons

Mobility of the kidney

One the most important drawbacks of supine position is
the mobility of the kidney that is generally greater in the
supine position than the prone position (Figure 5). In some
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Figure 5 Hypermobility of the kidney in supine PCNL. PCNL,

percutaneous nephrolithotomy.

patients, especially the those with BMI <25 kg/m’, the
mobility of the kidney is noticeable during percutaneous
puncture and subsequent dilation. This mobility is seen to
a far lesser extent in the prone position where the kidney is
fixed by the weight and rigidity of the posterior abdominal
wall against the operating table.

Some tricks to stabilize the kidney and therefore limit

this mobility during supine puncture are as follows:

% Apply abdominal compression with the surgeon’s or
assistant’s hand during puncture;

% Place the guidewire in a “through-and-through”
fashion (i.e., pass the guidewire into the bladder,
then retrieve this with a cystoscope so there is
through-and-through access);

% Place a ureteral access sheath in a retrograde fashion;

% Decreased the caliber of the renal access sheath—
the smaller sheaths (such as mini PCNL) appear to
create less renal mobility during placement than the
larger bore renal sheaths.

Longer percutaneous tract

In the supine position, percutaneous puncture comes from
a more lateral position on the patient’s flank than in prone
position—this may increase the tract length in patients
undergoing supine PCNL when compared with prone
PCNL. In contrast, during prone PCNL, tract length is
generally shorter. This may also be due, in part to the fact
that the anterior abdominal wall is more pliable than the
posterior abdominal wall. The more compliant anterior
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abdominal wall transmits pressure of the bed to the kidneys
in the prone position, limiting the mobility of the kidneys
and shortening the percutaneous tract (29,30).

That being said, the point at which the renal access
sheath enters the kidney acts as a fulcrum. The farther this
fulcrum is from the skin (e.g., longer access tract) the less
maneuverable the distal end of the sheath will be within the
collecting system. As a consequence, the surgeon may need
to adjust his or her technique to accommodate limitations
in rigid nephroscopy or excessive torqueing in the supine
position. These limitations may be overcome by routine
use of a flexible nephroscope during supine PCNL. This is
consistent with the recently published American Urological
Association (AUA) Guidelines which suggest that flexible
nephroscopy should routinely be performed during PCNL
(regardless of patient position) (31). From a practical
standpoint, when planning to perform supine PCNL, it
may be useful to have longer length rigid nephroscopes and
Amplatz sheaths. We recommend placing a “safety suture”
on the plastic Amplatz sheath when performing supine

PCNL in obese patients to avoid inadvertent migration of
the sheath beneath the surface of the skin.

Supine PCNL: puncture technique
X-ray-guided puncture: triangulation

Puncture begins with the in 0° degrees, neutral position.
The orientation of the needle is almost parallel to the
floor and the percutaneous tract is typically horizontal in
orientation. After retrograde pyelography, the advancement
of the needle is followed fluoroscopically in real-time.
When the needle is in the proper trajectory, the surgeon will
observe the needle depressing the targeted calyx and then
the needle can be advanced through the papilla and into the
renal collecting system. These details are readily in supine
position because the C-arm orientation is perpendicular to
the trajectory of the needle. Some surgeons have argued
that when performing PCNL in the prone position, if the
C-arm is in the oblique position instead of perpendicular to
the needle, then this depression of the calyx of interest may
be more difficult to appreciate.

If the fluoroscopic image with the C-arm at 0° show
demonstrates that the needle is superimposed over the
desired calyx but no urine is returned, it is possible that the
depth of the puncture must be adjusted. To evaluate the
puncture in order to achieve the correct depth, the C-arm
is rotated 30° degrees cephalad. When comparing this
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Figure 6 Image with the C-arm in the cross-table position to mark
the skin entry site for a puncture parallel to the floor. Once the
skin site is marked, the C-arm is returned to the 0° position and

the puncture is performed.

cephalad view to the fluoroscopic images with the C-arm in
the 0° position, if the needle has moved below the targeted
calyx, this suggests that the trajectory should be adjusted to
be more posterior in orientation; if the needle moves above
the targeted calyx, then the needle trajectory should be
adjusted more anteriorly.

X-ray-guided puncture: the cross-table bullseye technique

A different approach to fluoroscopic-guided percutaneous
renal access in the supine position is the “Cross-table
bullseye technique”. This technique was modelled after
the bullseye technique which has been used to perform
prone puncture during PCNL for many years (32). In the
supine position, this technique defines the position on the
patients flank skin to begin the puncture for a puncture that
is exactly parallel to the floor. A step-by-step description of
the cross-table bullseye puncture technique is as follows:

(I) A scout film is performed with the C-arm at the 0°
position;

(II) The C-arm is then rotated completely beneath
the patient and a “cross table” image is taken—the
position of the desired calyx (or calyces) of entry
is marked on the skin with the C-arm in the cross-
table position (Figure 6);

(IIT) The C-arm is then moved back to the 0° position
and the puncture is performed with the needle
parallel to the floor. If the puncture is in the correct
position, depression of the calyx can be observed;
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(IV) If urine is not returned, cephalad rotation of the
C-arm is performed to adjust the depth of the
puncture as described in the paragraph above.

Ultrasound-guided supine PCNL

Supine percutaneous puncture may be also performed
combining fluoroscopy and ultrasound or under complete
ultrasound guidance (i.e., “X-ray free”).
The advantages of ultrasound-guided puncture include
the following:
% Easy identification of the correct depth of the
puncture without need for C-arm adjustment;

% The ability to survey the peri-renal anatomy to
evaluate for potential injury to the liver, spleen,
intestines, or pleura;

% Reduced radiation exposure for the patient and the
OR personnel;

% Recent studies have reported on the safety and
feasibility of X-ray free PCNL in the prone position
(33,34), but no data have been published to date in
patients undergoing supine PCNL.

Outcomes

Currently, it is generally accepted that prone and supine
PCNL have equivalent stone free rate and complication
rates based on several prior publications (5,35,36). One
perceived barrier to greater adoption of the supine position
for PCNL is that given that supine PCNL accounts for
nearly 20% of PCNLs worldwide (5), many surgeons
learned PCNL from mentors who practice the prone
position. Many surgeons would acknowledge that a position
change from prone to supine for a surgery that can be
performed with a high success rate in the prone position
may be something that experienced prone surgeons are
reluctant to take on. In a study of this particular topic,
Sofer et al. demonstrated that changing position is not
cumbersome and the learning curve short, yielding similar,
or even better outcomes, rather quickly for an experienced
urologist or endourologist (37).

In conclusion, in our opinion the balance between
pros and cons clearly favors supine position for PCNL.
Experience gained in more than one decade of supine
PCNL allowed us to identify some tips and tricks to
facilitate transition from prone to supine position and to
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optimize its outcomes while minimizing complications’ rate.
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