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Introduction

Percutaneous renal surgery is considered one of the 
greatest advances in the field of minimally invasive 
urologic procedures. Since the first successful removal of 
renal calculi by percutaneous nephrolithotomy (PCNL), 
published in 1976 by Fernström and Johansson (1), the 
application of this technique became a popular approach 
for more applications, such as: draining hydronephrotic 
kidneys, resection of urothelial tumors and endopyelotomy. 
Later, the standardization of the technique by Alken et al. (2)  
and Segura et al. (3), and the first large series of cases 
reported in the literature (4,5) promoted its implementation 
worldwide.

Proper indications in the management of stone disease 
have changed over time due to the introduction of 
techniques such as extracorporeal shockwave lithotripsy 

(ESWL) and flexible ureterorenoscopy (fURS). Currently, 
the former treatment options (ESWL and fURS) have 
demonstrated limitations regarding the treatment of 
renal calculi greater than 20 mm (6), and renal PCNL has 
regained its popularity thanks to the possibility of using 
reduced calibers and modern, more efficient intracorporeal 
lithotripter modalities. In the present time, we have 
available calibers ranging from 4.8 to 30 Fr. 

To two basic advances for the evolution technique: the 
reduction of the tract calibers (from 4.8 to 30 Ch), and 
the development of modern, more efficient intracorporeal 
lithotripters that can be used in such reduced calibers. 

Indications and contraindications of PCNL

According to the EAU and AUA guidelines, the main 
indications for PCNL are renal stones greater than 20 mm, 

Review Article

Prone percutaneous nephrolithotomy: its advantages and our 
technique for puncture

Diego M. Carrion1, José Ramón Cansino1,2, Luis M. Quintana1, Juan Gómez Rivas1,2, Juan Antonio 
Mainez Rodriguez1, José Ramón Pérez-Carral1, Luis Martínez-Piñeiro1,2

1Department of Urology, La Paz University Hospital, Madrid, Spain; 2La Paz University Hospital Institute for Health Research (IdiPAZ), Madrid, Spain

Contributions: (I) Conception and design: All authors; (II) Administrative support: All authors; (III) Provision of study materials or patients: All 

authors; (IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) 

Final approval of manuscript: All authors.

Correspondence to: Diego M. Carrion. Department of Urology, La Paz University Hospital, Paseo de la Castellana 261, Madrid 28046, Spain. 

Email: diegocarrionm@hotmail.com.

Abstract: Percutaneous nephrolithotomy (PCNL) is considered the treatment of choice for large 
urinary calculi and staghorn lithiasis. The approach for this surgery may be either supine or prone, and 
different access techniques are described in the literature with the use of ultrasound, fluoroscopy, or both 
combined. We believe that prone PCNL offers to the urologist key advantages, such as the possibility of 
puncturing anatomically abnormal urinary tracts, to perform multiple percutaneous tracts in the same 
kidney, experiencing the vacuum cleaner effect, ease of exploring the upper calyx through the inferior calyx, 
possibility to perform endoscopic combined intrarenal surgery (ECIRS) and bilateral simultaneous surgery, 
and to performed over local anesthesia. An adequate training for the endourologist should include both the 
prone and supine techniques for PCNL and to know which patient can benefit the most from each one.

Keywords: Prone; percutaneous nephrolithotomy (PCNL); staghorn lithiasis; fluoroscopy; urinary calculi

Submitted Jul 01, 2018. Accepted for publication Oct 15, 2018.

doi: 10.21037/tau.2018.10.04

View this article at: http://dx.doi.org/10.21037/tau.2018.10.04

959

https://crossmark.crossref.org/dialog/?doi=10.21037/tau.2018.10.04


951Translational Andrology and Urology, Vol 7, No 6 December 2018

  Transl Androl Urol 2018;7(6):950-959tau.amegroups.com© Translational Andrology and Urology. All rights reserved.

which include staghorn and partial staghorn calculi (6,7). 
Larger stones in the lower pole are also best managed by 
PCNL, which is also considered to be a gold standard in the 
management of calyceal diverticular stones, due to its higher 
stone-free rates with similar recurrence and complication 
rates in comparison with ESWL (8,9). 

Contraindications for PCNL are pregnancy, bleeding 
diathesis, untreated urinary tract infection, tumor in the 
presumptive access tract area, and potential malignant 
kidney tumors (6). 

Anatomical considerations for percutaneous 
puncture

Some of the most relevant descriptions of kidney vascular 
anatomy were published by Sampaio and cols (10-12). The 
authors suggested that a percutaneous puncture outside of 
the papilla increases the risk of hemorrhagic complications 
as it can easily puncture intraparenchymal arteries (10-12). 

In a recent publication, Escovar Díaz et al. (13) reminded 
us of another key advantage of the transpapillary puncture. 
The existence of the circumpapillar sphincter of Henle, 
which plays a major role in hemostasis, as it contracts when 
the nephroscope or the nephrostomy tubes are removed.

Choosing a correct trans-papillary puncture site is 
mandatory, not only for hemorrhage prevention, but 
because an adequate tract through the parenchyma will 
provide a better support of the nephroscope during the 
surgery, and it will help to prevent the development of 
urinary fistulas. 

On the other hand, recent publications by Liatsikos  
et al. (14) and Kyriazis et al. (15) support the safety of a 
puncture and dilation along an infundibulum or in a medial, 
closer to the renal pelvis zone. The authors describe their 
experience and results, with a 5% global transfusion rate, 
although a 25% bleeding-transfusion and development of 
urinary leak was observed in staghorn calculi procedures 
when even three different accesses were needed. As we know, 
this goes against the recommendations of Sampaio et al. 
(10-12), and the risk of arterial injury seems more evident. 
A closer-to-the-pelvis puncture puts at risk the integrity of 
major renal vessels, and if a percutaneous embolization is 
needed, the parenchymal damage will be significantly worse. 

Preoperative evaluation 

An adequate preoperative evaluation involves a complete 
anatomical imaging study with an intravenous urography 

computerized tomography (CT-IVU). This is mandatory to 
establish the primary calyx of the puncture through which 
the majority of the stone will be cleared, and to decide if 
additional tracts or a combined approach will be needed. 
A proper CT-UVI will help us to identify all the adjacent 
structures related to the kidney (colon, liver, spleen, pleura), 
and if any anatomical abnormalities are present in order to 
minimize as much as possible the risk of injuries. 

Secondary tracts are usually created in separated calyces 
in which stones are unlikely to be cleared through the 
primary tract. Complete blood and urine analyses, with a 
urine culture like any other endourological surgery, are part 
of a correct preoperative evaluation. 

Prone puncture techniques

Obtaining a safe and precise percutaneous renal access is the 
hallmark of a good percutaneous surgery. The most known 
methods for prone percutaneous puncture of the collecting 
system such as the “bull’s eye” technique (also called “eye of 
the needle”), the “triangulation” technique, and the Escovar 
technique (13) (very popular and widely used in South 
America), depend in almost all cases on the guidance of 
fluoroscopy.

Recently, Sharma et al. (16) proposed a new technique, 
in which although some triangulation is used, they manage 
to mark on the skin the exact point where the target calyx is 
visualized under the C-arm at 0° and at 30°. They use these 
marks to calculate the deepness of the calyx and the needle 
inclination required for puncture.

Another widely-used method is the ultrasound-guided 
puncture, with the advantage of reducing fluoroscopy 
use and radiological exposure to the surgeon and to the 
patient. The use of abdominal ultrasound (US) gives us the 
advantage of measuring in real time the deepness of the 
puncture and adjacent structures (17).

If we only use the C-arm, we cannot localize the target 
calyx deepness with accuracy, thus we ignore the correct 
inclination of the puncture needle. US images can help 
us guide our needle to the desired target calyx, but the 
reassurance of the direction must always be made and 
corrected appropriately with the C-arm. In other words, 
if we only guide our puncture by US, we will access the 
urinary tract, but not necessarily through the papilla. In 
conclusion, the combination of the longitudinal orientation 
across the calyx-infundibulum-pelvis axis and the inclination 
of the puncture according to the deepness seen in US, 
allows us to perform a correct puncture into the target calyx 
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in almost every case.
More recently, a small minority of urologist are performing 

an alternative technique known as endoscopic guided access 
to facilitate retrograde or antegrade punctures (18). And 
one of the most novel trends is the X-ray free US-guided 
PCNL, in which the puncture and dilation are realized 
only with US guidance, as in the case of a nephrostomy 
tube placement. Authors conclude that the ideal patient 
who will not require the help of fluoroscopy, is the one 
with hydronephrotic kidneys and no staghorn lithiasis; 
and that starting the procedure with the intention to use 
US guidance eliminates a significant amount of radiation 
exposure (19,20). 

If by any circumstance, US is not available in the 
operating room at the time of puncture, a method that 
allows us to efficiently and exactly calculate the deepness of 
the target calyx, is the one we perform in our service (21). 
We herein describe our technique for prone percutaneous 
puncture.

Under general anesthesia, a 7-Fr ureteric catheter is 
placed for instillation of contrast or saline, which helps to 
opacify and distend the pelvicalyceal system in order to 
guide our percutaneous puncture to the target calyx. The 
ureteric catheter can serve as a medial reference point 
during dilation of the PCNL tract, and it helps to detect 
inadvertent migration of fragments through the ureter. 

The patient is then positioned under the prone 

position. This maneuver must be done properly in 
order to avoid serious injuries, the staff involved in the 
operating room must be trained and act in coordination 
with the anesthesiologist who is managing the airway and 
endotracheal tube. Patients with cervical spine pathology, 
Down’s syndrome or rheumatoid arthritis are at the greater 
risk of cervical injury (22) and special care should be taken. 
Protective pads are placed under the chest, shoulders, arms, 
knees, and ankles to prevent decubitus injuries, and a pillow 
should be placed under the abdomen in order to try to fix 
the kidney.

Contrast is passively instilled through the ureteric 
catheter, and with the C-arm in the upright position (with 
90º angulation) the collecting system is inspected and the 
target calyx is selected. 

We perform a perpendicular puncture with a fine spinal 
needle (20 G) into the target calyx under fluoroscopic 
guidance (Figure 1A). We can measure the exact depth of 
the target calyx based on the length of the needle outside 
from the skin. When this first puncture is correctly 
performed, three signs can be observed: 
 The intra-calyceal contrast viewed in the retrograde 

pyelography moves (fovea effect), this occurs when 
the needle is penetrating into the calyx; 

 Urine or contrast output occurs immediately when 
removing the inner plug of the needle; 

 The subtle movement of the needle from side to side 

Figure 1 Needle-kiss technique. (A) perpendicular-to-the-skin puncture with 20 G needle into the target calyx; (B) positioning the 18 G  
needle over the skin to set correct direction; (C) puncture of the 18 G needle through the papilla into the target calyx to join the 20 G 
needle tip; (D) nephroscopic view of the 20 G needle during percutaneous surgery demonstrating perfect alienation. 

A B

C D
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“drags” the urinary tract, which is perfectly seen by 
fluoroscopy.

Now, we use an 18G needle to create the desired calyx-
infundibulum-pelvis tract (Figure 1B). The inclination of 
this puncture according to the skin will be different in every 
case and, must be based on the depth of the 20 G needle. As 
the deepness of the 20 G needle tip will inform us the exact 
deepness of the target calyx, if a deep calyx is punctured, we 
need to broaden the puncture angle of the 18 G needle with 
respect to the horizontal plane of the patient. On the other 
hand, if the target calyx is more superficial or closer to the 
skin, we should puncture the 18G needle in a more acute 
angle (Figure 1C). 

When the 18G needle is correctly positioned into the 
target calyx, urine or contrast output are observed after 
removing the stylet.

The final outcome is to put together both tips of the 
needles inside the target calyx, thus called: “needle-kiss” 
technique or at least join them together as much as possible. 
The exact moment that the 18 G needle “kisses” the 20 G 
needle, we assure that the percutaneous tract is correctly 
performed (Figure 1D).

If difficulties in joining both tips inside the target calyx 
easily are experienced, we can slide the C-arm at 30° below 
the operating table. With this maneuver, we will observe 
from a different angle if the 18 G needle is below the 
reference 20 G needle, meaning that the initial puncture 
angle is incorrect. At the same time, guided by the C-arm 
we can easily re-direct the puncture removing gradually the 
18 G needle and performing a more superficial puncture. In 
a similar way, we would have to do the opposite correction 
procedure if our 18 G needle tip is above the reference 
needle tip.

Benefits of prone puncture and prone PCNL

Traditionally PCNL is done in the prone position, which 
allows a direct access to the posterior calyx, and provides 
a safer procedure regarding the location of the bowel. 
PCNL can also be done in the supine position, with its own 
advantages and disadvantages. 

Supporters of the supine position for PCNL advocate 
that it is less demanding on patients with respiratory or 
cardiac pathology, that the downward direction of the track 
and sheath helps with spontaneous drainage of fragments, 
and that working at lower pressures may result in less 
fluid absorption (23). So far, these perceived advantages 

have not shown clinical superiority when compared with 
the prone approach (24-37). Drawbacks observed in 
the supine technique such as a restricted working space, 
difficulty in performing upper pole puncture, and awkward 
rigid nephoscope manipulation requiring in several cases 
complementary flexible nephroscopy, have limited its 
universal adoption (38). Moreover, there is recent data that 
showed no differences in peak inspiratory pressure when 
comparing patients in prone versus supine position (39). 
Some of the following benefits are not exclusive of the 
prone puncture but are considered an advantage when this 
position is used (40).

Possibility of puncturing almost any urinary tract 
regarding abnormal anatomy

Due to the multiple possible puncture sites, we can easily 
adapt the puncture in cases of unfavorable anatomy (e.g., 
ectopia, horseshoe kidney, rotated kidney, hepatomegaly, 
splenomegaly, scoliosis, etc.).

As the prone puncture tract is more posterior than 
the supine, in the rare cases that the colon is injured, a 
conservative management is feasible. Lateral and anterior 
punctures are more likely to cause intraperitoneal colonic 
injuries that require exploration and surgical management.

Some studies published in the seventies showed that right 
kidneys are more likely to be in a Brödel type orientation 
with more “opened calyx”, while left kidneys are more likely 
to be in a Hodson type orientation with a more acute angle 
for a correct puncture (Figure 2). When aiming to perform a 
right or left prone puncture with the former considerations, 
we have space enough to choose correctly the puncture site 
to go through the renal papilla.

Possibility to perform several tracts

Although single tract PCNL is an efficient procedure to 
clear most renal stones (41), the use of multiple tracts is 
safe and effective and, could be considered as a feasible 
option for massive staghorn calculi (42). “Torquing” a rigid 
nephroscope in the attempt to reach a different calyx is the 
single most important cause of bleeding during PCNL and 
is largely responsible for increasing transfusion rates and 
urine extravasation (42). Moreover, Aron et al. (42) conclude 
there is no correlation between the number of tracts used 
and the drop of hemoglobin and need for transfusion when 
multiples tracts where needed in prone PCNL. 



954 Carrion et al. Prone percutaneous nephrolithotomy 

  Transl Androl Urol 2018;7(6):950-959tau.amegroups.com© Translational Andrology and Urology. All rights reserved.

The use of the vacuum cleaner effect for removal of fragments

A key benefit of the Minimally Invasive PCNL (MIP) 
(Karl Storz®) is the Bernouilli-(Vacuum cleaner)-effect. 
Vacuum cleaner effect is based on Bernoulli’s principle, it 
mimics a mechanical forceps-like and invisible grasper and 
cannot be seen as a simple wash-out-phenomenon (43). 
This hydrodynamic effect allows to evacuate small stone 
fragments directly through the space created between the 
optic channel and the sheath, avoiding the need of excessive 
basketing and allows working at low pressures (44).

At our center, we simulate this effect in a different way, 
optimizing the stone fragment expulsion by using only the 
optic of a 26 Ch nephroscope, which pass smoothly through 
a 22 Ch. Amplatz sheath. The small stone fragments escape 
through the lower semicircunference of the Amplatz sheath 
even at low pressures (21) (Figure 3).

Upper calyx approach

When aiming to perform a transpapillary puncture through 
the upper calyx, the prone position facilitates the puncture 

of the renal papilla, avoiding a lateral puncture through the 
infundibulum (Figure 4).

Ease of exploring the upper calyx through the inferior calyx

One of the most complex maneuvers in PCNL is accessing 
the upper calyx through an inferior calyx access. This 
maneuver can be accomplished in the prone position as it is 
shown on fluoroscopic images on Figure 5.

Possibility to perform endoscopic combined intrarenal 
surgery (ECIRS)

Numerous publications have demonstrated that ECIRS, 
one of the greatest novelties in percutaneous surgery during 
the last years, is feasible, efficacious, and safe in the prone 
position (45-47).

At our center, when a combined approach is performed, 

Figure 2 Caliceal anatomy. (A) Brödel model, more frequent in right kidneys; (B) Hodson model, more frequent in left kidneys. 
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Figure 3 Vacuum cleaner effect during prone percutaneous 
lithotomy, endoscopic and surgeon’s view. 

Figure 4 Puncture of the upper calyx scheme, differences between 
supine and prone approach.
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we change the ureteric catheter for a ureteric access sheath 
after the prone puncture is performed, just as in the supine 
position ECIRS technique (Figure 6). 

Possibility to perform a bilateral PCNL without modifying 
position

The management of bilateral renal calculi safely remains 
a challenge for the endourologist. The feasibility of 
simultaneous bilateral PCNL (SBPCNL) in the prone 
position has been described in the recent literature, it has 
been shown to be a safe and efficacious treatment option, 
with similar complication rates than PCNL in a staged 
manner (48-56). 

Some of the advantages of SBPCNL include: single 
anesthesia, single surgical and psychological stress, reduced 
operative time, less medication and shorter hospital stay, 
with the obvious cost implications (57). 

Possibility of performing PCNL under local anesthesia

Normally, this procedure is performed under general or 
regional anesthesia. In the past years, due to improvements 
in experience and technique, many urologists have gained 
experience in using local anesthesia for performing PCNL. 
The procedure has been reported to be feasible and to 
provide satisfactory positive clinical outcomes in selected 
patients by multiple authors (58-61). 

What does the future hold for prone procedures?

The prone position is the traditionally used position for 

PCNL, and globally the most used approach (62), yet, it 
is logical that both prone and supine PCNL will become 
even over time, assuming that the supine procedure is an 
excellent alternative. At the present time, no technique is 
infallible because none can reach a steady stone-free rate 
of 100%. A comprehensive overview of the outcome of 
the CROES PCNL Global Study concluded that although 
the supine position claimed to be favorable over the prone 
approach, it associated longer operative times, higher 
chance of a failed procedure and lower stone-free rates 
(24,62).

We believe that in the future, prone PCNL will develop 
more scientific literature and case series in BSPCNL and 
miniaturization improvements, with smaller calibers and 
flexible miniaturized instruments like the actual pediatric 
nephroscope (fine as a flexible ureteroscope and short as 
a cystoscope or a nephroscope) minimizing the need for 
multiple percutaneous tracts. 

Conclusions

We must keep in mind that in the future, supine PCNL 
training can increase its popularity worldwide, but an 
adequate training should be as much complete as possible, 
due to the own advantages of each technique. In scenarios 
in which the patients’ anatomy is not feasible for a 
supine puncture access, the knowledge and experience 
in performing a prone puncture is mandatory. And in 
even more complex cases, when complex urinary tract 
anatomy is found (e.g., duplicated collecting system), an 
ECIRS wither in the prone or supine position should be 
considered. Teaching programs must focus on developing 

Figure 5 Exploration of upper calyx through inferior calyx approach in the prone position. 
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both techniques together; putting aside the misconception 
that one technique is superior to the other. A puncture 
technique, either for supine or prone PCNL must be 
done with safety and accuracy, minimizing the number of 
attempts and radiologic exposure. The technique described 
in the present paper, the “needle-kiss” technique for prone 
percutaneous access, is safe and reproducible and allows 
us to work in the absence of a US machine aside. The 
final choice of the patient position should be tailored to 
each individual patient characteristics and the surgeon’s 
preference in order to maximize the advantages of the 
technique. 
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