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Percutaneous Nephrolithotomy: Prone

Versus Supine Position

Perkutana nefrolitotripsija — pronacijski ili supinacijski polozaj

Antun Grskovic¢*?, Iva Buksa® %", Aleksandar Fiser?

Abstract. One of the most complex procedures in urology is percutaneous nephrolithotomy.
This procedure can be performed in the patient’s prone as well as supine position. The
position of the patient during percutaneous nephrolithotomy affects the safety of the
procedure, anaesthetic risk, hospitalization time, surgery time, and postoperative
complications. The advantages of the supine PCNL are easier patient positioning, shorter
surgery time, the possibility of spinal anaesthesia, lower anaesthetic risk in obese patients
and patients with high cardiovascular risk, lower risk of injuries to the nervous and
musculoskeletal system, and lower risk of infections and sepsis. In the supine PCNL, it is
possible to perform simultaneous bilateral endoscopic surgery (SBES) and endoscopic
combined intrarenal surgery (ECIRS) as well. The advantages of the prone PCNL are shorter
puncture channel, which results in a lower risk of injury to the adjacent organs, the
possibility of upper renal calyx puncture, and greater mobility when handling the
nephroscope. Although the prone position is used more often today, modern knowledge
and clinical experience should encourage us to leave our comfort zone and, considering the
patient’s characteristics, critically evaluate whether we will perform the procedure in the
supine or prone position.

Keywords: endoscopy; nephrolithotomy, percutaneous; postoperative complications; uro-
lithiasis

SaZetak. Perkutana nefrolitotripsija (PCNL ili PNL) jedan je od najzahtjevnijih zahvata u
urologiji. Zahvat se moZe izvoditi u pronacijskom i supinacijskom poloZaju bolesnika. Polozaj
bolesnika tijekom perkutane nefrolitotripsije utjeCe na sigurnost postupka, anestezioloski
rizik, duljinu hospitalizacije, trajanje operacije i poslijeoperacijske komplikacije. Prednosti
PCNL-a u supinacijskom poloZaju jesu lakse namjestanje bolesnika, krace trajanje operacije,
mogucnost spinalne anestezije, maniji rizik od anestezije kod pretilih i bolesnika s povisenim
kardiovaskularnim rizikom te manji rizik od ozljeda Zivéanog i misi¢no-kostanog sustava,
infekcija i sepse. Supinacijski poloZaj takoder omogucava izvodenje i simultane endoskopske
bilateralne operacije (engl. simultaneous bilateral endoscopic surgery; SBES) i endoskopske
kombinirane intrarenalne operacije (engl. endoscopic combined intrarenal surgery; ECIRS).
Prednosti PCNL-a u pronacijskom poloZaju jesu kraéi pristupni punkcijski kanal sto rezultira
manjim rizikom od ozljeda susjednih organa, mogucnost uboda gornje bubrezne casice te
veca mobilnost pri radu s nefroskopom. Unato¢ ucestalijoj upotrebi pronacijskog poloZaja
bolesnika, dosadasnje klini¢ko iskustvo trebalo bi nas potaknuti da izademo iz svoje ,zone
komfora” i, s obzirom na svakog bolesnika pojedinacno, kriticki procijenimo hocemo i
zahvat izvesti u pronacijskom ili supinacijskom poloZaju.

Kljuéne rijeci: endoskopija; perkutana nefrolitotripsija; poslijeoperacijske komplikacije; uro-
litijaza
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INTRODUCTION

Thanks to the development of endourology, dis-
eases of the urogenital system can now be treated
with a minimally invasive approach. Endourology
has its origins in the 19* century, when Maximil-
ian Nitze developed, in 1877, an instrument
equipped with lenses and a water-cooled electric
platinum filament lamp that enabled visualiza-
tion of the interior of the bladder. The instrument
was named a cystoscope®. The first endoscopic
surgery was performed in 1881, when Josef

One of the most complex procedures in urology is
percutaneous nephrolithotomy. This procedure can be
performed in the patient’s prone as well as supine
position. The position of the patient during percutane-
ous nephrolithotomy affects the safety of the procedure,
anaesthetic risk, hospitalization time, surgery time, and
postoperative complications.

Griinfeld removed a bladder tumour with the
help of a cystoscope. This event is considered the
foundation of endourology?. The first modern en-
doscopes and instruments for endourological
procedures were created in the second half of
the 20t century due to the multi-year collabora-
tion between Karl Storz and Harold Hopkins3.
Consequently, Fernstrém and Johansson per-
formed the first percutaneous nephrolithotomy
in 1976, and Pérez-Castro and Martinez-Piniero
the first ureterorenoscopy in 1980*>. In the early
days, rigid instruments were commonly used.
However, with technological advancements, in-
struments have become more sophisticated and
better adapted to the human body. This led to
the development of semirigid, and eventually,
flexible instruments, which are less invasive and
gentler on the delicate structures of the urogeni-
tal system.

UROLITHIASIS

After urinary tract infections and prostate gland
diseases, urolithiasis is the 3 most common rea-
son for visiting a urologist®. Risk factors for uro-
lithiasis are dehydration, hot climate, limited
physical activity, dietary habits, personal and

family history, and other comorbidities such as
obesity, metabolic syndrome, diabetes and
hypertension. Anatomical and functional abnor-
malities of the urinary tract can also be a predis-
posing factor for the development of urolithiasis’.
In the theory of formation of all stones, essential
is the presence of an organic matrix and crystals
that deposit onto this matrix, group together and
form larger stones. The prerequisite for this is su-
persaturated urine in which particles are present
in concentrations higher than their solubility.
Urine saturation is influenced by the urine’s pH,
diuresis, also the presence of inhibitors and pro-
moters of crystallization. Thus, all stones consist
of crystals and, most commonly, of a protein ma-
trix, although this matrix can also be cellular de-
bris or a foreign body®. When discussing the
chemical composition, 60-70% of urinary stones
consist of calcium oxalate, and 20% consist of cal-
cium phosphate. Other stones are far less com-
mon and include struvite (10%), urate (9%), and
cystine stones (1%)°.

UROLITHIASIS TREATMENT

The choice of treatment method for urolithiasis
depends on the size, number, location, composi-
tion of the stone as well as the anatomy of the
renal and ureteral collecting system, and on the
risk of recurrence of urolithiasis!® . Treatment
should be individualized and tailored to the
above-mentioned factors, symptoms, and the pa-
tient’s preferences. A large number of urinary
tract stones are spontaneously eliminated. The
probability of spontaneous elimination according
to stone size is as follows:

- 1mm~87%,

- 2-4mm~76%,

- 5-7mm~60%,

— 7-9mm ~48%,

- >9mm~25%".

Additionally, the probability of spontaneous elim-
ination also depends on the stone’s location
(proximal, middle, distal part of the ureter), the
anatomy of the urinary tract, and the characteris-
tics of the patient himself. Some of the treatment
options for urolithiasis include chemolysis, extra-
corporeal shock wave lithotripsy (ESWL), endo-
scopic surgery, and open surgery®3-,
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PERCUTANEOUS NEPHROLITHOTOMY

One of the most complex procedures in urology
is the treatment of nephrolithiasis using the per-
cutaneous anterograde renal access. Percutane-
ous nephrolithotomy (PCNL or PNL) involves a
minimally invasive treatment of kidney stones by
creating an “artificial” percutaneous access di-
rectly into the renal pelvicalyceal system. This
method is technically very challenging and re-
quires a high level of knowledge of the kidney’s
anatomy and surrounding organs, especially in
cases of kidney malrotation, renal ectopia, horse-
shoe kidney or duplicated renal collecting sys-
tem?®. As with any type of treatment, in PCNL, we
consider the patient’s physical characteristics,
the anatomy of renal collecting system and ure-
ter, the size, number, and location of stones as
well as the patient’s preferences when determin-
ing indications and contraindications for a surgi-
cal intervention.

Indications for PCNL

Indications for PCNL are primarily kidney stones
bigger than 20 mm and renal staghorn calculi®. It
is associated with a very high stone free rate
(SFR), which ranges between 76% and 98%?21. Due
to the high success rate of stone elimination and
the reduced need for repeated procedures, PCNL
is often indicated even for smaller stones?.

Contraindications for PCNL

Contraindications for PCNL include pregnancy,
uncorrected coagulopathies, active urinary infec-
tion, tumour diseases around the percutaneous
access and renal neoplasm?.

PCNL procedure workflow

The PCNL procedure includes the placement of a
ureteral catheter, positioning the patient (in the
supine or prone position), puncturing the renal
collecting system, dilatation of the access tract,
lithotripsy, and drainage of the renal collecting
system?,

Ureteral catheter placement

In patients under general anaesthesia, the urolo-
gist determines the position of the ureteral ori-
fices with a cystoscope. By introducing a contrast
media into the ureter, the ureter and the renal
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collecting system, where the stone is located, are
fluoroscopically visualized. The ureteral catheter
is then positioned with its tip in the renal collect-
ing system and is fixed alongside the urinary
catheter to prevent it from falling out during ma-
nipulations. The ureteral catheter serves to en-
sure the safe access to the pelvicalyceal system,
to artificially create hydronephrosis if it is not al-
ready present, and to obstruct the ureteropelvic
junction to reduce the possibility of stone migra-
tion into the ureter during lithotripsy?.

Patient positioning

Initially, it was common to perform this proce-
dure with the patient in the prone position. This
involves turning the anesthetised patient from
the supine to the prone position after placing the
ureteral catheter. This position is preferred
amongst urologists because it offers a better un-
derstanding of the kidney’s anatomy, a bigger
area for selecting the puncture site, and easier
access to the posterior calyx of the kidney.
However, patients with morbid obesity and com-
promised cardiopulmonary status are not good
candidates for PCNL in the prone position?®. José
Gabriel Valdivia, Spanish urologist, first described
and performed PCNL in the supine position in
1987, considering PCNL in this position to be a
safer procedure due to a reduced risk of injury to
the descending colon during the puncture?.

Renal collecting system puncture

The success of the procedure depends heavily on
the selection and puncture of the appropriate re-
nal calyx. The percutaneous renal access is ultra-
sound or fluoroscopy guided. The choice of
puncture technique is based on the experience
of the surgeon. In some centres, the puncture
and dilatation are performed by a radiologist
rather than a urologist. Preoperative imaging di-
agnostics are necessary for planning the punc-
ture. The once-popular intravenous urography
has been replaced by CT urography. The three-di-
mensional image reconstruction allows the visu-
alization of the stone within the collecting system
and the relationship of surrounding structures?.
Typically, the posterior calyx is chosen for punc-
ture as it is in the projection of Brodel’s avascular
line® (Figure 1). Puncture along this line carries
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-

Avascular plane of Brodel

O Bashir
Radiopaedia.org

Figure 1. Punction through avascular plane of Brodel
(Source: Bashir O. Avascular plane of Brodel (diagram). Available from:
https://doi.org/10.53347/rID-17859Case)
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Figure 2. Fluoroscopic confirmation of puncture of the
renal calyx
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the lowest risk of intraoperative bleeding. It is
also preferred due to the nearly 0° angle it forms
with the infundibulum (the neck of the calyx) and
the renal pelvis, which significantly reduces the
need for nephroscope angulation during the pro-
cedure, thereby also decreasing the possibility of
iatrogenic injury3®3%. After puncturing the renal
collecting system, a contrast agent is used to con-
firm that the appropriate calyx has been punc-
tured (Figure 2). A guide wire is then introduced
through the puncture needle. For the further
course of the procedure, it is ideal to insert the
guide wire into ureter or renal pelvis, but some-
times it is only possible to coil it inside the punc-
tured calyx.

Percutaneous access tract dilatation

For the dilatation procedure, Amplatz, Alken or
balloon dilatators are used. Regardless of the
type of dilatator used, fluoroscopy must be em-
ployed during this step to control the position of
the dilatator and avoid injury to the renal paren-
chyma or perforation of the collecting system. In
our centre, metal coaxial Alken dilatators are
commonly used. During the dilatation process, a
secondary safety wire is placed through a special-
ly designed double-lumen dilatator. The advan-
tage of metal Alken dilatators is their reusability
after sterilization and easier puncture in patients
with severe perinephric scarring. The downside
of using these dilatators is the increased risk of
injury to the renal collecting system, especially
for less experienced surgeons®2.

Stone fragmentation (lithotripsy)

The surgeon decides which lithotripter to use
based on the nephroscope’s width and the
stone’s size and hardness. The available options
include pneumatic, electrohydraulic, ultrasonic,
and laser lithotripters®. Given that we are most
often discussing lithotripsy of stones larger than
two centimetres, or the lithotripsy of staghorn
calculi, it is recommended to use the ultrasonic
or combined ultrasonic/ballistic lithotripters.
These devices allow simultaneous aspiration of
smaller fragments as well as irrigation fluid,
which helps prevent the increase of intrarenal
pressure and the reflux of bacteria and endotox-
ins into the systemic circulation, thereby reduc-
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ing the probability of postoperative fever and
urosepsis®* 3,

Drainage of upper urinary tract

At the end of the surgery, fluoroscopy is used to
check for the presence of residual stones and any
extravasation of contrast media that would indi-
cate an iatrogenic injury to the renal collecting
system. After the procedure, small stone frag-
ments and minor clots remain in the renal col-
lecting system, which can compromise urine flow
through the ureter. Additionally, the access route
through the skin, subcutaneous tissue, muscle,
and renal parenchyma is prone to bleeding after
the nephroscope’s “sheath” is removed. Due to
both reasons, the surgery concludes with the
placement of a nephrostomy tube, which en-
sures proper urine diversion in the early postop-
erative period, prevents the formation of
urinomas, and compresses the access route,
thereby contributing to haemostasis. The neph-
rostomy tube also allows for subsequent fluoro-
scopic imaging of the collecting system with
contrast media to verify that the contrast flows
unobstructedly to the bladder and, if necessary,
facilitates re-entry into the renal collecting sys-
tem35,36.

Prone PCNL

Fernstrom and Johansson performed the first
PCNL in 1976, but the earliest descriptions of
percutaneous treatment of kidney stones date
back to 1941 and 19554373,

The advantages of the prone position include a
better understanding of kidney anatomy, a wider
surgical field for choosing the puncture site, an
easier access to the posterior calyx, the possibili-
ty to puncture the upper calyx, a greater scope
for the nephroscope angulation, and a reduced
likelihood of the visceral organs injury® (Figure
3).

The drawbacks of the prone position are mainly
related to the time needed to prepare the pa-
tient, specifically the need to turn the anaesthe-
tised patient from the supine to the prone
position, which significantly prolongs the opera-
tion time. Such procedures also require a larger
number of staff to assist in turning the anaesthe-
tized patient. It is important to note that during
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Figure 3. Prone PCNL

the turning of the patient, accidental injuries can
occur to both the patient and the staff. The most
common patient injuries are nerve injuries due
to limb manipulation, joint dislocations, and vi-
sion damage*® ., Staff injuries often involve mus-
culoskeletal injuries due to the overexertion
while turning heavy patients. The negative impli-
cations of PCNL in the prone position are also re-
lated to anaesthetic procedures. These patients
must be under general anaesthesia as it is impos-
sible to convert the anaesthetic procedure from
spinal to general anaesthesia in this position due
to the inability to intubate while prone. Addition-
ally, any hemodynamic instability of the patient
during the procedure, or the need for resuscita-
tion is significantly complicated and requires
turning the patient back to the supine position®2.
In the prone position, especially in obese pa-
tients, there is a lower cardiac preload, relaxation
of the left ventricle as well as the lower stroke
volume due to the reduced left ventricle relaxa-
tion and increased cardiac afterload, which oc-
curs due to the increased intra-abdominal and
intrathoracic pressure®. Although the prone po-
sition is often used in patients with acute respira-
anaesthetised obese

tory insufficiency, in

patients, this position can lead to ventilation
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SIEMEAS

Figure 4. Supine PCNL

problems*. During the prone PCNL, a nephro-
scope is located above the patient’s body line, in
an anti-gravity position. This results in a poorer
fluid outflow and increased pressure in the renal
pelvis, which can lead to the reflux of infected
urine into the systemic circulation** . In patients
undergoing PCNL in the prone position, it is very
difficult or impossible to achieve the retrograde
access for the purpose of performing endoscopic
combined intrarenal surgery (ECIRS).

Supine PCNL

Considering high-risk patients for anaesthesia
procedures, Valdivia Uria and colleagues began
performing PCNL in the supine position in 1987
and reported their first experiences in 1998%. By
analysing the position of the colon and other ab-
dominal organs in the supine position, they con-
cluded that the possibility of injury of these
organs is equal to or less than when performing
PCNL in the prone position. In 2007, Ibarluzea
and colleagues described a modification of the
Valdivia position called the Galdakao Modified
Supine Valdivia Position (GMSVP), which provid-
ed a greater access to the lumbar region, making
the puncture and nephroscope manipulation sig-
nificantly easier®®’. The Barts position offers ad-
ditional rotation of the patient’s torso towards
the surgical table. In this position, the kidney is
more mobile, making puncture and dilatation

http://hrcak.srce.hr/medicina

more difficult, but the accessibility to the calyces
for puncture and the nephroscope mobility are
significantly increased®.

The advantages of performing PCNL in the supine
position include easier patient positioning, which
significantly reduces the surgery time (Figure 4).
High-risk, obese, and cardiac patients tolerate
the supine position better, and the anaesthesiol-
ogist can manage anaesthesia comfortably be-
cause this way the airway is easily accessible, and
patients are more likely to remain hemodynami-
cally stable*>*. Due to the horizontal or “down-
ward” position of the nephroscope, fluid
drainage from the kidney’s collecting system is
better, resulting in lower pressure within the re-
nal pelvis and a lower rate of urinary infections®.
Moreover, the supine PCNL allows the surgeon
and technician to sit, which is ergonomically
more favourable, especially considering the need
to wear heavy lead aprons during the procedure.
One of the most important advantages of PCNL
in the supine position is the possibility of per-
forming ECIRS (endoscopic combined intrarenal
surgery) and SBES (simultaneous bilateral endo-
scopic surgery).

The downside of the supine PCNL is the smaller
area available for puncture and the difficulty of
puncturing the upper calyx. In this position, the
kidney is more mobile, which can make puncture
and dilatation challenging. Additionally, due to
the much longer access tract, longer instruments
must be used, and their angulation is sometimes
limited by the patient’s position on the table*® .
Due to its complexity and the need for special-
ized surgical expertise, supine PCNL is performed
in tertiary medical centers, where the necessary
resources and experienced personnel are availa-
ble to ensure patient safety and optimal out-
comes.

Impact of prone and supine PCNL on procedure
safety

When discussing procedure safety, we consider
both the patient and the medical staff. Safe diag-
nostic and therapeutic procedures are those with
the lowest risk of adverse events®l. The safety of
PCNL is related to the patient’s position, anaes-
thetic procedures, the effort required by medical
and non-medical staff for patient positioning, ra-
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diation exposure, postoperative complications,
and the need for repeat procedures due to resid-
ual lithiasis.

The supine position undeniably provides a great-
er comfort for the patient during anaesthesia and
the procedure itself, while reducing the risk of in-
juries when turning the patient into the prone
position. The PCNL typically begins in the supine
position. However, turning the patient into the
prone position requires a team of at least six
people (one controlling the head during the turn-
ing, two on each side participating in turning and
one controlling the legs), which defines a larger
number of people than required for performing
such procedure®’. Extreme neck rotation during
turning can lead to the compression of the carot-
id and vertebral arteries, potentially causing inju-
ries to the central nervous system, particularly in
patients with subclinical stenosis of the arteries.
Also, the position of the head during anaesthesia
in the prone position can cause dislocations of
the vertebral discs and overstrain of the cervical
spinal cord with consequent ischemia and neuro-
logical outcome. Peripheral nerve injuries are
most often the result of their stretching or com-
pression of the nerves against a hard surface.
During the prone PCNL, the most frequent injury
is to the brachial plexus due to the extension and
abduction of the upper extremities. During the
procedures of longer duration, special attention
should be paid to parts of the body that are in di-
rect contact with a hard surface (ears, chest,
malleolar region, genitals, iliac crest...) to avoid
the formation of dermatitis or even skin necro-
sis®.

The fear of colon injury during puncture and dila-
tation of the access tract was the main reason for
favoring prone PCNL due to the belief that it is
impossible to injure the colon in this position.
Analysing CT images, Hopper and his colleagues
showed that the retrorenal colon was found in
1,9% of patients in the supine position compared
to 10% of patients in the prone position®2. Tuttle
and colleagues showed the retrorenal colon in
6% of patients in the supine position versus 15%
of patients in the prone position®. Although this
anatomical placement of the colon would sug-
gest a higher rate of injuries during puncture and
dilatation in prone position, so far, no statistically

significant difference in colon injuries has been
found regarding patient’s position®.

Although there are no studies comparing the ra-
diation exposure of surgeons during prone and
supine PCNL procedures, it is obvious that the
surgeon’s hands are directly in the radiation field
during the puncture, access tract dilatation and
lithotripsy in the prone PCNL. In the supine posi-
tion, the instruments are placed more laterally,
hence the surgeon’s hands are not in the radia-
tion field. This position allows the surgeon to be
seated while operating which is not insignificant
when considering the need to wear heavy lead
aprons during the procedure®.

Main disadvantages of the supine PCNL are greater
kidney mobility and limited space for puncture while
the advantages are easier patient positioning, the
possibility of performing the procedure under spinal
anaesthesia, simultaneous ECIRS and SBES, a higher
stone free rate and a shorter duration of surgery.

Numerous studies and meta-analyses that com-
pared stone free rate (SFR) generally did not find
dominance of one over the other position during
PCNL. In the supine position, the SFR was 78,1%,
and in the prone position 80%, with no statistical
significance®.

Until recently, in cases of bilateral urolithiasis it
was common to perform the procedure first on
one side, and then on the other side. Sometimes,
the procedure on the other kidney would have
been postponed or planned for another hospital-
isation. However, nowadays it is common to per-
form procedures on both sides simultaneously,
e.g. one surgeon performs PCNL while the other
performs ureterorenoscopy (URS), flexible ure-
terorenoscopy, or RIRS on the other side. These
procedures are effective in terms of the high SFR
and safety*®. Furthermore, the advantage of
these procedures is anaesthetising the patient
only once, reducing the total hospitalization time
and the radiation dose received®’. During ECIRS,
one surgeon performs PCNL, while the other sur-
geon uses the retrograde approach for fragmen-
tation of those stones that cannot be reached by
the anterograde approach. With the retrograde
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approach, the surgeon can also mobilise stones
from the harder-to-reach parts of the kidney to a
position more favourable for the anterograde
lithotripsy. In this way, the need for additional
punctures and dilatations is reduced, as well as
the possibility of complications. ECIRS brings a
higher SFR in just one procedure, reduces the
need for additional punctures and lowers the
need for repeat procedures®® *,

Impact of prone and supine PCNL on anaesthesia
risk

In most healthcare institutions in the world, PCNL
is performed dislocated from the central operat-
ing theatre, often in the radiology department.
As previously mentioned, when turning the pa-
tient in the prone position unintentional injuries
may occur, most commonly injuries of the cervi-
cal spine, brachial plexus nerves, and dislocation
of the shoulder joint® ¢,

In some centres the supine PCNL is performed
under spinal anaesthesia which is associated
with fewer complications compared to the gen-
eral, less need for the postoperative analgesia
and a shorter hospitalization time. However, if
needed it is possible for anaesthesiologist to in-
tubate the patient and convert to general. None-
theless, the choice of anaesthesia will depend on
the preference of the surgeon, the anaesthesiol-
ogist and the patient himself®2,

During the COVID-19 pandemic, many patients
with respiratory failure were rotated into the
prone position to improve oxygenation®. The
prone position during PCNL generally has no ef-
fect on the ventilation of the patient under gen-
eral anaesthesia, but, if mechanical complications
with the tube or unintentional extubation occur,
it is difficult to re-secure the airway in this posi-
tion. For the anaesthesiologist, the biggest chal-
lenge is the hemodynamic stability of patients in
the prone position, especially in obese patients.
Namely, after turning the patient into the prone
position, hemodynamic changes occur due to the
lower cardiac preload as well as the lower cardiac
output. It is hard to maintain the hemodynamic
stability in these conditions. In case that a more
invasive monitoring is needed due to the occur-
rence of cardiovascular complications, the place-
ment of arterial lines in this position is almost
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impossible. Resuscitation in the prone position is
also impossible®,

Impact of prone and supine PCNL on
hospitalisation time

Studies have not shown a statistically significant
difference in the number of hospitalisation days
between the patients operated on in the prone
and supine position®57,

Impact of prone and supine PCNL on duration of
operative procedure

Patients operated on in the prone position spent
more time under anaesthesia compared to those
operated on in the supine position. The time dif-
ference occurs mainly due to the need to reposi-
tion the patient from the lithotomy to the prone
position. During the supine PCNL, the nephro-
scope is directed towards the ground, which fa-
cilitates the flow of fluid and the elimination of
stone fragments, unlike the prone PCNL, where
the nephroscope is in the anti-gravity position,
which makes it difficult to eliminate fragments
and prolongs the procedure time®.

The duration of the operative procedure is statis-
tically significantly shorter in supine compared to
the prone position due to the above-mentioned
reasons, and because of the possibility of ECIRS,
which reduces the need of additional punctures.
In obese patients, this time difference becomes
even more obvious. A randomized controlled
study conducted by Al-Dassoukey et al. showed
that the duration of procedure in the prone posi-
tion was 111,7 minutes compared to 86,2 min-
utes in the supine position®. Yuan et al. came to
the same conclusion in the meta-analysis of 13
studies®®.

Impact of prone and supine PCNL on
postoperative complications

Postoperative pain is a significant factor used to
determine patient morbidity after a procedure.
Good postoperative pain control not only reduc-
es the need for analgesics, but also increases
patient satisfaction, accelerates recovery of phys-
iological functions, patient rehabilitation and it
reduces treatment costs”®. Mulay et al. showed
that patients operated on in the supine position
had a lower intensity of postoperative pain, but
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Table 1. Prone vs supine PCNL

N

Prone PCNL Supine PCNL

anaesthesia general

spinal, general if needed

risk of injuries while positioning the patient | high

low

kidney puncture, nephroscope mobility

the posterior calyx, greater mobility while
handling the nephroscope

handling the nephroscope

limited puncture space and mobility while

operation duration

statistically longer

statistically shorter

risk of postoperative infections high low
simultaneous operation (e.g. ECIRS, SBES) | no yes
stone free rate 80% 78.1%

ECIRS — endoscopic combined intrarenal surgery; SBES — simultaneous bilateral endoscopic surgery

there was no significant difference between
these two groups of patients®. Kanan et al. found
that the group of patients operated on in the su-
pine position also had a lower intensity of pain
compared to the prone group, and the difference
was statistically significant (p=0.04)"".

The meta-analysis of the supine versus prone
PCNL by Falahatkar et al. found a higher rate of
postoperative febrility in the prone group of pa-
tients (p<0.001)™. This data is not surprising con-
sidering higher intrarenal pressure during the
prone PCNL and the consequent reflux of urine
into the systemic bloodstream. Similar data were
obtained by other authors*> 6668,

Some believe that lower intrarenal pressure, a
more mobile kidney and a longer access channel
during the supine PCNL are risk factors for in-
creased intraoperative and postoperative bleed-
ing. Others believe that the compression of the
inferior vena cava during the prone position and
venous blood stasis is the reason for increased
bleeding during the prone PCNL. Bleeding during
and after the procedure is influenced by the
number of punctures, the width of the access
channel, whether the puncture was performed
through the avascular Brodel line and the time of
the procedure’. Numerous randomized control-
led clinical trials and meta-analyses that com-
pared the need for blood transfusion in patients
operated on in the prone or supine position have
mostly found no statistically significant differences
in postoperative bleeding?®>>7%7% The meta-anal-
ysis by Falahatkar et al. showed that the need for
blood transfusion was lower in the supine PCNL
(p=0.01), while Li et al’s meta-analysis from 2019

medicina fluminensis 2025, Vol. 61, No. 3, p. 241-251

showed that there was no statistically significant
difference between these two groups>> .

For the first time the successful removal of kid-
ney stones through the percutaneous antero-
grade route was performed in 1976. Today PCNL
is the method of choice in the treatment of
stones bigger than 2 cm and staghorn calculi. Un-
til recently, it was common to perform the prone
PCNL, however, nowadays, it is increasingly per-
formed in the supine position, especially with
complex stones and bilateral urolithiasis when it
is necessary to perform SBES or ECIRS (Table 1).
The biggest restrictions of the supine PCNL are
greater mobility of the kidney in that position
and limited space for puncture and movements
when handling the nephroscope, while the advan-
tages are numerous and include easier positioning
of the patient, the possibility of performing the
procedure under spinal anaesthesia, performing
ECIRS and SBES, a higher rate of complete elimina-
tion of stones in the same procedure and its
shorter duration. This position has proven to be
particularly useful and safe in obese patients and
patients with high cardiovascular risk, all while
providing lower risk of thromboembolic events
and postoperative infections. The advantages of
the prone PCNL are a shorter length of the dilata-
tion channel, bigger available area and easier
puncturing of the appropriate renal calyx, and
greater mobility when handling the nephroscope.
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