
ΜΔΣΑΠΣΤΥΙΑΚΟ ΠΡΟΓΡΑΜΜΑ ΢ΠΟΤΓΩΝ: 

‘‘ΔΛΑΥΙ΢ΣΑ ΔΠΔΜΒΑΣΙΚΗ ΥΔΙΡΟΤΡΓΙΚΗ, ΡΟΜΠΟΣΙΚΗ 

ΥΔΙΡΟΤΡΓΙΚΗ ΚΑΙ ΣΗΛΔΥΔΙΡΟΤΡΓΙΚΗ’’ 

 

 

ΔΘΝΙΚΟ ΚΑΙ ΚΑΠΟΓΙ΢ΣΡΙΑΚΟ ΠΑΝΔΠΙ΢ΣΗΜΙΟ ΑΘΗΝΩΝ 

ΙΑΣΡΙΚΗ ΢ΥΟΛΗ 

 

 

 

ΓΙΠΛΩΜΑΣΙΚΗ ΔΡΓΑ΢ΙΑ 

 

 

ΘΔΜΑ: « Percutaneous Lithotripsy, old and new techniques that preserve it as a 

basic modality in modern minimal invasive urology» 

 

 

 

ΜΔΣΑΠΣΤΥΙΑΚΟ΢ ΦΟΙΣΗΣΗ΢:   ΜΟΤΡΜΟΤΡΗ΢ ΠΑΝΑΓΙΩΣΗ΢ του 

Ιωάννη 

             AM 20120730 

 

 

 

 

 

 

ΑΘΗΝΑ ΙΑΝΟΤΑΡΙΟ΢ 2015 

 

 

 

 

 

 



2 

 

 

ΠΡΑΚΣΙΚΟ ΚΡΙ΢ΕΩ΢ 

ΣΗ΢ ΢ΤΝΕΔΡΙΑ΢Η΢ ΣΗ΢ ΣΡΙΜΕΛΟΤ΢ ΕΞΕΣΑ΢ΣΙΚΗ΢ ΕΠΙΣΡΟΠΗ΢ ΓΙΑ ΣΗΝ 

ΑΞΙΟΛΟΓΗ΢Η ΣΗ΢ ΔΙΠΛΩΜΑΣΙΚΗ΢ ΕΡΓΑ΢ΙΑ΢ 

Σνπ Μεηαπηπρηαθνύ Φνηηεηή  Μνπξκνύξε Παλαγηώηε ηνπ Ισάλλε 

 

Εμεηαζηηθή Επηηξνπή 

 

 Επάγγεινο Φειέθνπξαο,  Αλαπι. Καζεγεηήο Υεηξνπξγηθήο (Δπιβλέπων) 

 Υξήζηνο Π. Σζηγθξήο, Καζεγεηήο Υεηξνπξγηθήο & Επηζηεκνληθόο Τπεύζπλνο ηνπ  Π.Μ.΢. 

Θεόδσξνο Δηακαληήο, Καζεγεηήο Υεηξνπξγηθήο 

 

H Tξηκειήο Εμεηαζηηθή Επηηξνπή ε νπνία νξίζζεθε από ηελ Γ΢Ε΢ ηεο Ιαηξηθήο 

΢ρνιήο ηνπ Παλ. Αζελώλ ΢πλεδξίαζε ηεο .....
εο

 ................ 20.... γηα ηελ αμηνιόγεζε 

θαη εμέηαζε ηνπ ππνςεθίνπ θ Μνπξκνύξε Παλαγηώηε, ζπλεδξίαζε ζήκεξα .../.../.... 

 

H Eπηηξνπή δηαπίζησζε όηη ε Δηπισκαηηθή Εξγαζία ηνπ Κνπ 

Μνπξκνύξε Παλαγηώηε ηνπ Ισάλλε                                                                               

κε ηίηιν: Percutaneous Lithotripsy, old and new techniques that preserve it as a basic 

modality in modern minimal invasive urology, είλαη πξσηόηππε, επηζηεκνληθά θαη 

ηερληθά άξηηα θαη ε βηβιηνγξαθηθή πιεξνθνξία νινθιεξσκέλε θαη εκπεξηζηαησκέλε. 

 

Η εμεηαζηηθή επηηξνπή αθνύ έιαβε ππ’ όςηλ ην πεξηερόκελν ηεο εξγαζίαο θαη ηε 

ζπκβνιή ηεο ζηελ επηζηήκε, κε ςήθνπο ................... πξνηείλεη ηελ απνλνκή ηνπ 

Μεηαπηπρηαθνύ Δηπιώκαηνο Εηδίθεπζεο (Μaster's Degree), ζηνλ παξαπάλσ 

Μεηαπηπρηαθό Φνηηεηή.  

 

΢ηελ ςεθνθνξία γηα ηελ βαζκνινγία ν ππνςήθηνο έιαβε γηα ηνλ βαζκό «ΑΡΙ΢ΣΑ» 

ςήθνπο  ....................., γηα ηνλ βαζκό «ΛΙΑΝ ΚΑΛΩ΢» ςήθνπο ...................., θαη γηα 

ηνλ βαζκό «ΚΑΛΩ΢» ςήθνπο ................. Καηά ζπλέπεηα, απνλέκεηαη ν βαζκόο 

«......................». 

 

 

 

 

Tα Μέιε ηεο Εμεηαζηηθήο Επηηξνπήο 

 

 

 Επάγγεινο Φειέθνπξαο (Επηβιέπσλ)              (Τπνγξαθή)___________________  

 

 Υξήζηνο Π. Σζηγθξήο                                    (Τπνγξαθή)___________________ 

 

 Θεόδσξνο Δηακαληήο,                 (Τπνγξαθή)__________________ 

 

 



3 

 

 

 

 

 

 

 

 

 

Aθηεξσκέλν ζηνπο αλζξώπνπο πνπ κνπ ραξίδνπλ ηόζα ρξόληα ηελ αγάπε θαη ηελ 

ππνκνλή ηνπο 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Επραξηζηώ ηνλ Αλαπιεξσηή Καζεγεηή ΢θνιαξίθν Αλδξέα θαη ηνλ Επίθνπξν 

Καζεγεηή Παπαηζώξε Αζαλάζην γηα ηελ βνήζεηά ηνπο ζηελ ζπιινγή ησλ ζηνηρείσλ 

απαξαίηεησλ γηα ηελ ζπγγξαθή ηεο παξνύζαο δηπισκαηηθήο εξγαζίαο. 

 

 

 

 



5 

 

ΠΕΡΙΕΥΟΜΕΝΑ- CONTENTS  

Part 1 

1 Introduction………………………………………………………………………..7 

2 Percutaneous surgery………………………………………………………………7 

2.1 Anatomical considerations……………………………………………………….7 

2.2 Perirenal anatomy………………………………………………………………..8 

2.3 Renal collective system…………………………………………………………..9 

2.4 Intrarenal vessels…………………………………………………………………10 

3 Indication for PCNL…………………………………………………………….....10 

4 Special anesthetic considerations for PCNL……………………………………….11 

5 Organizing the operating room for PCNL………………………………………….12 

6 Instrumentation for performing PCNL……………………………………………..12 

7. Patient Positioning…………………………………………………………………15 

7.1 Prone and prone flexed position………………………………………………….15 

7.1.1 Advantages and disadvantages of prone position………………………………16 

7.1.2 Lateral and lateral flexed position……………………………………………...17 

7.2 Supine position…………………………………………………………………...19 

7.2.1 New variations in supine position……………………………………………...20 

7.2.2 Advantages and disadvantages of the supine position…………………………20 

8. Image guided percutaneous renal access…………………………………………..21 

8.1Ultrasound………………………………………………………………………...21 

8.1.1 Ultrasound guided access with needle guide…………………………………...22 

8.1.2 Ultrasound access without a needle guide……………………………………...22 

8.2 Fluoroscopy………………………………………………………………………23 

8.3 Novel techniques for gaining percutaneous renal access………………………...27 

8.4 Robotic assisted percutaneous access to the collective system…………………..28 



6 

 

9 Dilation of the nephrostomy tract…………………………………………………..29 

9.1 Potential complications of tract dilation………………………………………….33 

10 Rigid and Flexible Nephroscopy………………………………………………….34 

11 Lithotripsy………………………………………………………………………...36 

11.1 Ultrasound Lithotripsy………………………………………………………….36 

11.2 Pneumatic Lithotripsy…………………………………………………………..36 

11.3 Combined ultrasonic and pneumatic lithotripsy………………………………...37 

11.4 Laser lithotripsy and the Holmium: YAG laser………………………………...38 

Part 2 

A. Introduction……………………………………………………………………….40 

B. Material and Methods………………………………………………………….....40 

C. Patient positioning………………………………………………………………...40 

D. Imaging technique for the puncture of pelvicalyceal system……………………..41 

E. Site of puncture……………………………………………………………………43 

F. Dilation of access………………………………………………………………….44 

G. Lithotripsy………………………………………………………………………...45 

H. Drainage and hemostasis………………………………………………………….46 

I. Combination of endoscopic techniques and PCNL………………………………..49 

J. Conclusions and future perspectives………………………………………………49 

Abstract………………………………………………………………………………51 

Πεξίιεςε…………………………………………………………………………….51 

References……………………………………………………………………………53 

 

 

 

 



7 

 

PART 1  

 

1. Introduction 

 The first description of percutaneous stone removal was that of Rupel and 

Brown (1941) of Indianapolis, who removed a stone through a previously established 

surgical nephrostomy. Goodwin and associates described the first placement of a 

percutaneous nephrostomy tube to drain a grossly hydronephrotic kidney. These 

researchers did not have radiographic imaging and so the drainage tube was placed 

without it.  The first percutaneous access for removal of a renal stone was performed 

later by Fernstrom and Johansson
1
. Technological advances in endoscopes, imaging 

equipment, and intracorporeal lithotripters allowed urologists to alter these 

percutaneous techniques into well-established methods for removal of upper urinary 

tract calculi. Many papers from surgeon with big surgical experience have established 

Percutaneous Nephrolithotripsy (PCNL) as a routinely used technique to treat patients 

with large or otherwise complex calculi
2
.  Because the percutaneous approach to stone 

removal is superior to the open approach in terms of morbidity, convalescence and 

cost PCNL has replaced open surgical removal of large and complex calculi at most 

institutions
3
  

1. Percutaneous surgery 

2.1  Anatomic considerations 

During percutaneous surgeries guided by fluoroscopy or ultrasonography the vision of 

the positioning of adjacent structures and organs is limited and so understanding of 

the renal and perirenal anatomy is of paramount importance in order to obtain access 
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in an effective and safe manner. Nevertheless anatomical variations make this 

procedure extremely challenging even in the hands of experienced surgeons. 

1.2. Perirenal anatomy 

 The kidneys are well protected organs, situated retroperitoneally and 

surrounded by perirenal tissue. The mobility of the kidneys is limited by the short 

renal hillar vessels and the surrounding supporting structures, although nephroptosis 

is found in some cases. In these cases the kidney not only descends but also rotates 

anteriorly.  This can make the puncture in prone position extremely challenging and 

complication rate greater. 

 The kidney lies adjacent to the vertebral bodies usually extending from the 

11
th

 or 12
th

 thoracic to the 2
nd

 or 3
rd

 lumbar vertebrae. The right kidney is displaced a 

few centimeters inferior to the left kidney. The longitudinal axis of the kidneys 

parallels the lateral edges of the psoas muscle, about 30 degrees from vertical, with 

the lower poles lateral to the upper poles. The kidneys are also tilted 30 degrees off 

the frontal plane, with the lower poles anterior to the upper poles. Finally, the kidneys 

are rotated out of the frontal plane as well, with the lateral aspect of the kidney 

posterior to the medial aspect, such that each kidney is rotated 30 degrees posteriorly 

from the renal hilum. 

   Immediately posterior to the kidneys is the psoas muscles, except at the upper 

poles where the diaphragm is posterior. The pleura can be injured through an upper 

calyx puncture and this risk is greater in kidneys that are situated higher than usual. 

  Extremely useful is the knowledge of kidney relationships with 

adjacent organs. On the right side the liver is anterior to the upper pole of the kidneys 
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and can extend in some individuals to cover the entire anterior surface. On the left, the 

spleen covers kidney anteriorly. Due to anatomical variations of the size of these 

organs, traumatizing them is a possible scenario and surgeon must be aware of these 

variations in any individual in order to plan the procedure. The colon can be lateral or 

even posterior to the right and left kidneys respectively. The proximity of the colon to 

the kidneys varies with location. It is greater on the left side and at the lower pole. 

Additional visceral relations to the kidneys include the adrenal glands, the duodenum 

and gallbladder and the tail of the pancreas. These structures can be injured with a 

misdirected or excessively deep puncture but this kind of injuries are extremely rare. 

 

2.3  Renal collecting system 

 The renal papillae drain into the minor calyces which are the most peripheral 

portions of the intrarenal collective system. If only one papilla drains into a minor 

calyx, it is described as a simple calyx. When there are two or more papillae entering 

the calyx it is termed a compound calyx. The outermost wall of the calyx, into which 

the papilla is set, is the calyceal fornix. There are 5 to 14 minor calyces in each 

kidney
4
. There are three drainage zones:  the upper pole, the middle pole and the 

lower pole.  The minor calyces, either directly or after coalescing into major calyces, 

drain by infundibula into the real pelvis. 

 An important consideration for percutaneous renal surgery is determining the 

anterior-posterior orientation of the calyces because access (from the typical posterior 

or posterolateral approach) into a posterior calyx allows relatively straight entry into 

the rest of the kidney, whereas percutaneous puncture of an anterior calyx requires an 
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acute angulation to enter the renal pelvis, which may not be possible with rigid 

instrumentation. 

 

2.4  Intrarenal vessels 

 Although anatomy of the renal artery varies significantly, in general the main 

renal artery divides into an anterior and posterior branch. The former then divides 

within or before the renal sinus into segmental arteries. Once the anterior segmental 

arteries and the posterior branch of the renal artery enter the renal parenchyma, they 

divide into interlobar arteries. The fact that the final divisions of the renal arteries are 

“end-arteries” makes the arterial vascular injury a great complication which may lead 

to permanent loss of renal function. Additionally the safest place to percutaneously 

access the collective system is directly into the calyceal fornix because this will avoid 

the interlobal arteries adjacent to the calyceal infidibula. 

 

2. Indications for PCNL 

 According to the EAU 2014 guidelines, the indications for PCNL are different 

for different positioning of the stone or even for the size of the stone.  Stones that are 

bigger than 20mm should be treated primarily by PCNL because other modalities 

have greater side effects. This affects stones that are situated in renal pelvis or 

upper/middle calices
5,6

. For stones in the lower pole the gold standard operation is 

PCNL especially if the stone is >20mm and if there are anatomical differentiations 

such as a steep infundibular- pelvic angle, a long calyx or a narrow infundibulum. 
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Also indications for performing PCNL are also staghorn calculi and after many failed 

extracorporeal shock wave lithotripsies (ESWL). 

 

3. Special anesthetic considerations for PCNL 

 Prone position and potential blood loss increases the anesthetic risks of PCNL 

in contrast to other endourological procedures. However PCNL has been performed 

safely and with low morbidity in many patients, including patients with many 

comorbidities and the morbidly obese
7
. The procedure is considered intermediate in 

cardiac risk.  

 Two main positions are been used in PCNL: the prone and the supine position. 

Prone positioning increases the complexity of the anesthesiologist work.  Careful 

positioning and draping of the patient is required in order to maintain safe airway 

placing, adequate ventilation and avoidance of pressure point injuries.. Of benefit is 

the more uniform distribution of pulmonary blood flow improving ventilation to 

perfusion matching and oxygenation
8,9

. Also functional residual capacity increases 

(compared to the anesthetized supine position) in normal weight and less so in obese 

patients
8
.  

 Larger stones will probably require more surgical time and this fact increases 

the likelihood of needing general or neuraxial (spinal or epidural) anesthesia. Because 

PCNL requires kidney puncture and manipulation blood transfusion may be expected.  

Many centers follow a “blood ordering schedule” to minimize the risks and the 

costs
10

. 
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 Longer PCNL procedures may lead to significant dependent edema to 

inferiorly located anatomy. If supraglottic airway edema is suspected, extubation 

should be delayed until the edema has resolved significantly.  

 

 

4. Organizing the operation room for PCNL. 

 The working of the operation room (OR) needs must serve the needs of an 

endourology team.  A mobile C- arm unit is essential in an OR dedicated to urology. 

It should provide a high quality image to allow quick and precise diagnosis.  

 The configuration of an endourology OR is different from that of a general 

OR, as equipment has to be ergonomically located. This will minimize procedural 

time by allowing direct control and shorter changeover times. The OR should contain 

cameras, lights, endoscopic and anesthetic equipment, C-arm and the operating table 

and all should be capable of being operated easily from the surgeon and his team. 

 There should be display screen monitors, moveable and these monitors should 

be interconnected with changeable viewing between fluoroscopic image and 

endovision image, A strategic equipment placement in a case of PCNL is shown in 

figure 7  
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12 

Figure 7  A strategic equipment placement 1 Display screen 2 X ray screen 3 LASER 

machine 4 Anesthesia trolley 5 C- Arm 6 Ultrasound machine 7 OR table 8 Assistant 

9 Surgeon 10 Endoscopic equipment  11 Nurse 12 Nurse trolley 

     1  2 

  

            3       4 

 

           5 

    6        7 

 

   8     9  

    11            10 
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5. Instrumentation for performing PCNL 

The necessary instruments are shown in Table 1.    

Table 1  

Surgical equipment that is used when 

performing PCNL  

C-arm unit 

Xray protection equipment (gawns and 

goggles)   

Video-Endoscopy tower 

Ultrasound machine   

Cystoscope with Albaran 

Contrast material  

5-Fr open-end ureteric catheter   

18-gauge puncture needle 

Guide wires: 0.035 inch guide wire 100% 

hydrophilic, 0.035 inch guide wire with 

hydrophilic end and body with PTFE 

hydrophilic covering, 0.035-inch guide wires 

Amplatz superstiff θαη extrastiff   

5Fr angiographic catheter  

5Fr angiographic catheter Cobra type 

8-10-12Fr dilators with PTFE 

8/10 Fr metallic dilators  
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Ballon Dilator with sheath 30Fr 

Metallic dilators Alken type 

Rigid Nephroscope diameter 24Fr (longer for 

obese patients – flexible nephroscope 16Fr 

LithoClast  

Holmium laser device and 365-200κ  caliber 

fibers 

Clamps for stone removal 

Nitinol baskets 

Nephrostomy tubes 8, 10, 16F 

JJ stents Νν 4.8-6Fr 26-28 cm 

 

6. Patient Positioning 

7.1 Prone and prone flexed position  

 Due to the retroperitoneal location of the kidneys and their proximity to the 

flank, PCNL is most commonly performed in prone position with straightforward 

access to the collecting system.  At present, the majority of PCNLs are performed 

with the patient in the prone position and access is obtained through a posterior or 

posterolateral calyx. This position offers plenty of advantages, with the main 

disadvantages being the time required for patient repositioning and anesthetic 

concerns.  

  To perform fluoroscopically guided access (which is the most common way 

to perform PCNL) a high quality retrograde pyelogram is essential. Consequently the 
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procedure begins with the patient positioned supine (Fig 8). Once the patient has been 

intubated under general anesthesia, rigid or flexible cystoscopy is performed. In men 

this is performed supine while the frog-leg position is useful in women. Under the 

guidance of a Nitinol guidewire an angiographic catheter is passed into the collective 

system. Urine is completely aspirated and the collecting system is filled with 

radiographic contrast to identify all calyces (Fig 9).  The guidewire is then removed 

and the angiographic catheter is secured externally to a folley catheter. With a folley 

catheter in place and the angiographic catheter secured externally, the patient is 

carefully repositioned prone. Prevention of pressure injury must be of great concern 

and it is taking place with rolls under the knees, feet and chest (Fig 10). The next step 

is to flex the table 30-40
o
 to open the space between the 12

th
 rib and the posterior iliac 

crest. Flexion of the hips not only increases the working space on the patient flank, 

but also may rotate the ribs cephalad, further increasing the working space and 

facilitate the entry in the collective system from a more easily accessible and less 

traumatic calyx. 

7.1.1 Advantages and disadvantages of prone position  

 As mentioned the majority of PCNLs are still carried out with the patient in 

the prone position with prior retrograde placement of an angiographic catheter under 

fluoroscopic control. This initial procedure prolongs OR time. Additionally, if the 

procedure is started prone, identification of the posterior calyces, especially in 

obstructed systems, may be difficult due to dilution of the contrast material in the 

urine.  Prone positioning for PCNL allows access to the entire flank, with a wide 

choice of calyces to be punctured. Prone position also facilitates upper calyx puncture 

when and if it is needed. 
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 The prone flexed modification provides several additional advantages over the 

traditional technique. One and of the most importance is that the working space is 

further increased and the kidneys are displaced inferiorly in the retroperitoneum 

making the puncture of the correct calyx much easier. 

7.1.2 Lateral and lateral flexed positions 

 The lateral position has multiple advantages in obese patients and sometimes 

is the only feasible position for these patients with a BMI >50 who cannot be operated 

prone.  This position allows the abdomen and its contents to fall laterally as occurs 

when the patient is supine. This maximizes diaphragmatic excursion and helps general 

anesthesia. 

 The lateral- flexed position is familiar to any urologist who performs open and 

laparoscopic renal surgery. This position significantly widens the space between the 

12
th

 rib and the iliac crest, flattening the folds of adipose tissue and facilitating 

percutaneous access. The increased distance between 12
th

 rib and iliac crest produced 

by this flexion, is even more pronounced than the increase produced by flexion with 

the patient prone. Also, in this position, the use of a standard length Amplatz sheath 

and nephroscope is possible providing that the puncture is made from an upper calyx. 

Finally a relatively new modification of this position is the “Barts technique” in which 

patient is positioned in lithotomy with ipsilateral pelvis elevated 45
o
 while his 

shoulders are rotated to be perpendicular to the OR table and the ipsilateral leg is 

flexed and adducted and the contralateral leg is fully abducted. 
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 One disadvantage of flank positioning is that percutaneous access usually 

requires either ultrasound guidance or the use of the triangular technique using the C- 

arm and so the “bullseye” technique which is simpler cannot be used.      

Fig 8 Supine position for performing retrograde pyelogrm 

 

 

Fig 9 Retrograde pyelogram 

 

 

 

Fig 10 Prone position for performing PCNL 
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7.2. Supine position 

 The surgical table in an endourology OR must be radiolucent with anticulated 

leg supports. The patient can lie in pure supine position or with his legs separated and 

flexed. In both cases a suitable suspension (pillow or a bag) is situated under the 

lumbar fossa of the targeted kidney. Some nephroscopes are short (<20 cm) and are 

not recommended, as they receive light and water connections from opposite sides, 

and this fact obstructs the movements of the nephroscope that are needed from the 

surgeon in order to render the patient stone free  

 The patient legs may be extended (with their feet oriented upwards of slightly 

obliquely) or flexed on leg supports. If the latter, we prefer to set the contralateral leg 

lower to facilitate the ureteral access with a rigid ureterorenoscope. The ipsilateral 

arm of the patient is flexed and fixed above their throrax with adhesive drape.  
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7.2.1 New variations in supine position 

 Some modifications of this position have been described. Some urologists 

prefer to rotate the patient a little more
11 

in a way that the direction of the tract is more 

horizontal. Some urologists prefer to maintain the oblique position of the patient in 

order to allow them larger nephroscope movements
12

. Others prefer the pure supine 

position without any element of suspension under the lumbar fossa
13

. Finally, others 

prefer to position the patients with their legs flexed on supports, but with the 

ipsilateral leg lower and more extended
14

.  

 When there is a need to perform PCNL with simultaneous rigid 

ureterorenoscopy(URS),  we can position the patient with their legs flexed is supports, 

with the contralateral more descended.  

7.2.2 Advantages and disadvantages of the supine position 

 Supine access is safer for the urologist, because his hands are never in the X-

ray beam of C- arm if this equipment is used. Calyceal puncture is easier than when 

the patients are in the prone position. With the supine position, the incidence of the X-

ray is perpendicular to the needle and calyx axis, and displacements of the calyceal 

papilla are better appreciated when the tip of the needle is pushing in front of them, 

making it unnecessary to rotate the C-arm fluoroscope. 

 The iatrogenic risks are minimized, because no patient repositioning is taking 

place,and no time is wasted in patient maneuvers. In this pure supine position it is also 

possible to insert the angiograpgic catheter with utilizing of flexible endoscope.  

 In the supine position intervention is better tolerated by high-risk patients, 

especially the old and obese, because the vena cava is not compressed and the 
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diaphragm is not pulled up. In this position the risk of puncturing the colon is less 

than in prone position because when the pillow elevates the lumbar fossa, the kidney 

and the colon are elevated too. In this prone position, the colon is pulled back, 

increasing the risk of damage. 

 One of the best technical advantages of the supine position is the ability to 

perform simultaneously PCNL and URS. With the two endoscopes inside the kidney 

manipulation of stone fragments and extraction through the Amplatz sheath is much 

easier. 

 This position has also some disadvantages. In this position there is usually a 

delay in the filling of inferior calyces with the contrast because the inferior renal pole 

is more elevated that the superior one. Also using this position means that the 

distention of the tract will be lesser than in prone position. In some patients, it can be 

more difficult or impossible in supine position to reach upper calyx with a rigid 

nephroscope. 

7. Image guided percutaneous renal access  

8.1 Ultrasound 

 Ultrasound has several advantages as an interventional tool. It is commonly 

available, relatively inexpensive and portable. It has no radiation and provides 

guidance for access in multiple planes. Its greatest advantage is use for realtime 

placement and avoidance of viscera. An added advantage is that Doppler modality 

helps the surgeon to avoid important vascular structures lying along the needle path.  

The ultrasound guided approach has proven to be safe and efficacious in the pediatric 

population
15

, renal stones in transplanted kidneys
16

 and pelvic renal ectopia
17

.   
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8.1.1 Ultrasound guided access with a needle guide 

 With the use of this modality the patients lower chest and the iliac crest must 

be slightly elevated. Usually with the patient in prone position and with the elevation 

of chest and iliac crest, the bowels and viscera tend to drop down, thus minimizing the 

chance of bowel injury. When the kidney is scanned and posterior calyx is found, the 

site of needle entry is marked and the puncture preformed with an 18 G needle. It is 

essential to minimize respiratory and ultrasound probe movement at this point. In 

order to ensure an accurate puncture, the needle tip should be seen along the 

electronic dotted line throughout its course. The position of the needle in the desired 

calyx is confirmed with return of clear urine. The characteristics of a perfect renal 

puncture are the shortest route, a straight puncture tract, throughout skin and cortex of 

the kidney, through the cup of the desired calyx of puncture.  Ultrasound guided 

access is the best modality to accomplish all of the above.  

8.1.2. Ultrasound access without a needle guide 

 A correct puncture can be achieved without a dotted line or a needle guide. 

The operator places the probe and scans the relevant kidney. The probable path of the 

needle is marked with the help of the ultrasound transducer and the puncture is done 

along this path. The serious limitation of this technique is that although the ultrasound 

probe shows the kidney and calyces, the image does not clearly shows depth and so 

does not show the plane of the path that the needle passes, as a result of this the 

chances of visceral injury increases. 
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8.2 Fluoroscopy 

  Fluoroscopy equipment in percutaneous renal surgery typically uses radiation 

for image formation and guidance during all phases of this procedure. Fluoroscopy is 

useful during the advancement of guidewires, tract dilation, stone removal and 

nephrostomy placement. PCNL is performed with the combination of fluoroscopic 

and endoscopic visualization of the collecting system. Fluoroscopy is a 2D (two 

dimensional) method and unfortunately provides limited information regarding the 

adjacent soft structures. Nevertheless, it has proven to be an invaluable tool for the 

performance of PCNL. 

  As mentioned above the most frequent calyx to be punctured is the 

lower and posterior one but access can be obtained through middle or upper calyx as 

well depending of the stone size and placement. Thorough evaluation of the renal 

collecting system anatomy is essential prior to definitive percutaneous puncture for 

access tract creation. The information provided by preoperative CT is very valuable at 

the time of puncture under fluoroscopic control
18

, as it identifies the most suitable 

place to set the path of the needle from the skin to inside the calyx that has been 

chosen for puncturing. A CT scan can assess the presence of adjacent organs in the 

possible path of the needle.  When deciding about the correct puncture, parenchyma 

should be evaluated for areas of parenchyma that are strong enough to maintain a 

working needle path and prevent subsequent development of a fistula. Also it is 

desirable to identify those calyces for which surrounding thickness of parenchyma 

will promote their spontaneous closure of the puncture. Areas of kidney with an 

extremely thin parenchyma should be avoided because of the possibility of 

postsurgical hematoma. 
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  Next step is to opacify the collecting system with direct injection through the 

angiographic catheter of contrast material. The chosen posterior calyx is visualized 

with the C-arm in the posteroanterior direction initially  Percutaneous access to the 

upper urinary tract through a calyx must meet five conditions that guarantee safe 

access and avoid complications: access is performed from a posterolateral position, 

through the renal parenchyma, towards the center of the calyx posterolaterally, and 

toward the center of the renal pelvis and as a result of these four conditions, the 

trajectory does not damage any major blood vessels.  

  There are two primary methods used to gain fluoroscopy-guided percutaneous 

renal access: the “bullseye” technique and triangular technique
19

. The use of these 

techniques needs opacification of the collective system with iodinated contrast that is 

administered retrograde via an angiographic catheter, in order to visualize the targeted 

calyx. A calyceal entry point is selected to avoid the larger vascular structures that are 

found at the level of the infundibulum.  

  As with most percutaneous access techniques, the bullseye technique requires 

fluoroscopy to monitor and guide the procedure.  With the C-arm in the 30
o
 position, 

an 18 G access needle is positioned, so that the targeted calyx, needle tip, and needle 

hub are in line with the image intensifier, giving a bullseye effect on the monitor. In 

effect the surgeon is looking down the needle into the targeted calyx. The needle is 

advanced in 1-2 cm increment. Continuous fluoroscopic imaging is performed to 

ensure that the needle maintains its proper trajectory. Needle depth is ascertained by 

rotating the C-arm to a vertical orientation. If the needle is aligned with the calyx in 

this view, clear urine comes from inside the needle, confirming proper positioning. 

(Fig 11) 
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Fig 11 Bullseye technique 

 

The triangulation technique is based on simple geometric principles and is 

guided by fluoroscopy. Under fluoroscopic control the needle is positioned in straight 

line with the infudibulum of the calyx that is going to be punctured. In this way we 

have the first dimension that we need in order to gain access to the collecting system 

of the kidney (Fig11). 

Fig 11 Confirming the first dimension for the correct puncture for PCNL 
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   The constant movement of the C-arm unit between the different angles gives the 

surgeon the two dimensions of the correct proceeding of the needle tip. With the C- arm in 

parallel with the puncture line gives the surgeon the second of three dimensions (Fig 12) 

Fig 12 Confirming the second dimension in PCNL 

    

 The surgeon then rotates the C-arm unit 30
o
 toward his place and so the fluoroscopic 

image gives the 3
rd

 dimension of the triangular technique.(Fig13) 

Fig 13 Confirming the 3
rd

 dimension of the triangular technique 
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8.3 Novel techniques for gaining percutaneous renal access 

 Fluoroscopy with the use of a C-arm and ultrasound, either alone or in conjuction 

with fluoroscopy, are the most commonly used modalities for gaining percutaneous renal 

access for PCNL
19

. However, in certain scenarios, CT-guided access may be the only viable 

option as it provides precise control of the needle path and also gives information about the 

adjacent structures. This technique was first described by Haaga et al in 1977
20

.   

 Indications for CT- guided access include anatomic difficulties, such as spinal 

dysraphism
21

, morbid obesity, abnormal visceral anatomy (retrorenal colon or spleen)
21

,  

abnormal urinary tract anatomy (urinary diversion)
22

 abnormal renal anatomy (multiple cysts, 

angiomyolipoma)
23

, ectopic/ transplant kidney and failed access using standard 

fluoroscopy/ultrasound.  

 CT guided percutaneous renal access may be undertaken in an interventional CT suite 

using CT fluoroscopy or using a hybrid unit that combines Ct with standard fluoroscopy
24

.  It 

can also be performed in a standard CT unit with intermittent scans taken with the operator 

outside the room which minimizes radiation for the controller but it is slower
25

. Some 

investigators have also used laser guidance system to facilitate needle entry
26

. Access is 

obtained with the patient prone or supine- oblique.  A scout tomogram is initially registered 

to help localize scans to the renal region. A non contrast acquisition of the abdomen is 

obtained and the kidneys assessed for dilation, presence of renal masses and relative position 

in relation to colon, spleen, liver and diaphragm.  

 A suitable calyx for entry is identified following the principle that the safest, most 

direct route is through the fornix of a posterior facing calyx. This reduces the risk of arterial 

hemorrhage. After infiltration of local anesthesia, a 18 G needle with sheath is advanced 
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subcutaneously towards the target calyx. A further localizing scan with the needle in place 

helps finer adjustment on the needle trajectory. Based on this scan the trajectory of the needle 

is altered and either advanced or withdrawn until urine is obtained. Often it is only necessary 

to advance or withdraw the needle a few millimeters to hit the targeted calyx. Once urine is 

seen, a repeat scan confirms the position of the needle tip in the collecting system. Next move 

is to insert a guidewire through the plastic sheath into the collecting system. The sheath is 

removed, dilation is made in the way we describe and a nephrostomy tube is been placed and 

the patient transferred in the operating room for surgeon to perform PCNL. 

8.4 Robotic assisted percutaneous entry of the collective system   

 Robotic percutaneous renal access systems were first proposed less than two decades 

ago by Potamianos et al who performed the first studies in creating a passive robot to 

facilitate needle placement for percutaneous surgery
27

.  Since then and for the last 15 years 

many robotic systems were developed.  One of them PAKY-RCM is a robot with three active 

DOF(degrees of freedom) that can remotely align the needle along a selected trajectory 

pathway under fluoroscopic guidance. PAKY is the needle driver and the RCM device is an 

active robotic arm attached to PAKY that allows the tip of the needle to pivot about a fixed 

point on the skin. Another robotic system Revolving needle driver helped improving 

targeting and reduce errors by as much as 70%. These robotic systems helped urologists 

acquire more experience in entering the collecting system and the patients from being re-

operated for removing a renal stone. The ultimate goals in applying robotic technology in 

performing PCNL are to obtain an access to the collecting system of the kidney with ease, 

accuracy and efficiency. Robotic assistance for percutaneous access may ultimately improve 

surgical performance and decrease complication rates and operative times
28

. Finally robotic 
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systems helped a new promising field telerobotics, to emerge helping new surgeons to master 

this technique with the help of an expert who may be thousands of miles away.  

 

8. Dilation of the nephrostomy tract. 

    With the use of the above techniques gaining access to the collecting system 

throughout a target calyx is successful. The correct puncture is been confirmed and the 

fluoroscopic image (if this technique was used) is seen in Fig 15. The next step is to advance 

the guide wire (0, 0035 inch, Nitinol) whenever possible down to the bladder in order to 

reduce the chance of losing the tract due to accidental removal of the guidewire after 

subsequent manipulations(Fig 16).  If this is impossible enough wire must be coiled in an 

upper calyx in order not to be damaged or interfere with the procedure. Fig 17. 

Fig 15 Image of a correct access in the collecting system 
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Fig 16 Advancement of guidewire down to the bladder 

 

 

Figure 17 Guidewire coiled in the collecting system 

 

 After the correct placement of the guide wire the next step is an incision 1, 5-2 cm in 

the skin around the wire and then the dilation instrument is advanced over this wire. There 

are many different types of dilators. 
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 The fascial dilator system set is composed of Teflon cylindrical dilator of 

progressively larger circumference, ranging from 5F to 30 F in size. The introduction of each 

dilator is usually carried out in a rotational or spinning motion, under mandatory fluoroscopic 

guidance. This system is particularly useful when faced with the need to dilate a heavily 

scarred tract, following previous percutaneous surgery or in the presence of a retroperitoneal 

inflammatory process. The main disadvantage of this system is the potential risk of kinking 

of the wire following dilation failure.  

 The Amplatz dilator (Fig 18) set is composed of tapered-tip polyurethane cylindrical 

dilators of progressively increasing circumference ranging from 8 to 30 F.  The main 

advantage of this set is conferred by the used of tapered 8F angiographic catheter. The use of 

this catheter provides additional stiffening and stability of the guidewire, thereby decreasing 

the risk of its kinking. The 8F angiographic catheter is inserted over the guidewire under 

fluoroscopic guidance, as an initial step. All subsequent larger dilators are inserted over the 

8F angiographic catheter and guidewire, in order of increasing the diameter. The shoulders of 

each dilator must be advanced until entirely within the entry calyx. The working sheath is 

introduced last, over the largest Amplatz dilator until the leading edge of the sheath overlaps 

the shoulders of the Amplatz dialtors.   

Fig 18 Amplatz dilators 
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Coaxial metal dilator systems 

 Coaxial metal dilators such as the Alken instruments (Fig 19) are composed of 

stainless steel rods which are mounted together in a telescopic fashion. Each dilator is 

designed to adapt to the lumen of the next successive dilator, starting with an 8F hollow 

guide rod. The initial hollow guide rod is advanced over a guidewire under fluoroscopy, until 

the tip is positioned within the renal pelvis. Each dilator, dilates the tract 4F and ultimately all 

together 24-26F. The main advantage of this system is its rigidity but it can also lead to 

iatrogenic trauma. 

Fig 19 Alken dilator system 

 

Balloon dilator system 

 Percutaneous nephrostomy tract balloon dilators (Fig 20) are intended for 

creation of tracts in a rapid and are performed in a single step, They are designed to be 

introduced into the collecting system over a guidewire and tract dilation is carried out 

under fluoroscopic guidance. The balloon dilator set consists of a expendable balloon, 

30 F working sheath that is back- loaded before the deflated balloon is placed over the 

wire and syringe inflator. Pressure of up to 20 atm can be easily achieved with this 

system, although in general, much lower pressures are usually sufficient for tract 

creation(12-16). Balloon inflation allows for full expansion of the balloon, which is 
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followed by insertion of a working sheath over the balloon, in a rotational manner. 

The main advantage of this system is the fact that the tract is created using lateral, 

rather than angular, shearing forces which in theory are less traumatic and reduce the 

chance of larger vessel injury. The main disadvantage is the relatively higher cost 

compared to other systems. 

Figure 20 Balloon dilator system 

 

 

Figure 21 Correct dilation  

 

 

9.1 Potential complications of tract dilation 
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  Acute hemorrhage can originate from intercostal vessels, renal parenchymal 

branches of the renal vein or renal artery adjacent to the pelvicalyceal system. The 

most clinically significant bleeding related to percutaneous tract dilation is due to over 

advancement of the dilating instrument, resulting tearing of the infundibulum. 

Moreover the most common cause of renal pelvis perforation is the aggressive use of 

dilators. This perforation can be identified intraoperatively by contrast extravasation 

on fluoroscopy which requires termination of the operation and placement of a JJ 

stent or a nephrostomy tube or after the operation which requires the same procedure 

in the most emergency manner.  

9. Rigid and Flexible Nephroscopy 

 Rigid nephroscopes are most commonly used to clear stones from the 

collecting system during PCNL. However anatomic differentiations and stone position 

can make these instruments unhelpful in rendering a patient stone free.   

 Once the desired calyx is reached with the rigid or flexible nephroscope or 

ureteroscope, the size of the stone(s) to be removed must be measured (Fig 21).If the 

stone size makes probable pulling it through the infundibulum intact, a basket or a 

grasper can be used. This maneuver needs special care not to traumatize the 

infundibulum. If the stones to be removed are too large, lithotripsy must be performed 

usually with a device combining mechanical and ultrasonic lithotripsy or with 

holmium:YAG laser. While ultrasonic lithtotripters enable concominant 

fragmentation and suction, they can be used solely through rigid or semi-rigid 

endoscopes.  As for the laser it can be used either through rigid or flexible instruments 

and are the only available modality with small diameter flexible ureteroscopes. There 

are a wide variety of laser fibers each used for different kind of situations. Most 
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urologists generally use a 200κm fiber through the flexible nephroscope as it easily 

fits through this instrument without affecting deflection or irrigation. The settings to 

be used depend on the nature and the size of the stone. If the goal is to fragment the 

stone in tiny fragments then the settings of the machine must be lower power at a 

faster frequency. If the stone is very hard then high power and lower frequency are the 

desired settings. The resultant pieces can then be extracted through the sheath. 

 Tiny fragments are often broken off by the laser if they cannot be extracted 

with any means. One technique is to irrigate with a syringe or a cutted Nelaton 

catheter through the sheath to flush out these fragments. If they are small enough they 

can even be aspirated with the syringe. The most effective technique also includes 

changing the position of the patient to maximize the drainage of these fragments. 

From the renal pelvis, the fragments can be easily extracted by the rigid nephroscope 

using atraumatic forceps. 

Fig 21 Estimation of the size and type of the stone 
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 The need for postoperative drainage is evaluated intraoperatively. If the 

patient is a candidate for a “tubeless” procedure a JJ stent is places antergradely with 

stich closure on the puncture site. If not a re-entry percutaneous nephrostomy can be 

used for rapid re-access to the ureter. 

10. Lithotripsy 

11.1  Ultrasonic lithotripsy 

 Ultrasound waves can be created through a number of different mechanisms. 

In the devices that are currently used a current is applied from a separate generator, to 

a piezoceramic plate. This plate generates vibrational energy in the form of ultrasonic 

waves at a frequency between 23 and 25 kHz. This energy is transmitted through the 

hand piece to a solid or hollow probe that is placed in contact with the stone. The 

vibrations of the probe transmit the energy to the calculus, resulting in a drilling 

effect. Ultrasonic probes are manufactured in a variety of sizes from 2,5F to 12F. The 

largest probes incorporate a hollow channel through which suction is applied. 

11.2 Pneumatic Lithotripsy 

 Another example of a direct contact lithotripter is ballistic lithotripsy. 

Although any number of driving forces can initiate the movement of the projectile of 

this device the most notable and most widely utilized is compressed air. As in 

ultrasonic lithotripsy, the mechanism of action in pneumatic lithotripsy increases the 

chances for potential injury of the collecting system especially perforation. One of the 

limitations of pneumatic over ultrasonic lithotripsy is the solid nature of the probe 

without however existence of suction channel. Technically the use of pneumatic 
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lithotripsy is facilitated by the use of nondeflected working channel. Direct vision is 

mandatory to ensure the safety as well as to facilitate adequate fixation of the calculus 

against the urothelium. 

 

11.3 Combined ultrasonic and pneumatic lithotripsy 

 In an attempt to combine the benefits of these two technologies, the Lithoclast 

Ultra was developed.  This device uses a combination of ultrasonic and pneumatic 

lithotripsy to accomplish calculus fragmentation and evacuation. A single control unit 

is activated via a foot pedal and enables the surgeon to use either of the lithotripters 

individually or in combination. Suction is incorporated into the ultrasonic portion of 

the device. (Fig 22).  Combining the pneumatic lithotripter’s ability to successfully 

fragment hard stones with the disintegration and suction capabilities of ultrasonic 

lithotripsy help to minimize stone retropulsion, facilitate stone clearance and decrease 

operative times.  

Fig 22 Lithoclast®(EMS) system 
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11.4 Laser lithotripsy and the holmium: YAG laser 

 Laser amplification by stimulated emission of radiation (L.A.S.E.R.) is a 

mechanism for emitting electromagnetic radiation through stimulated emission of 

protons. The holmium laser operated at a wavelength of 2100 nm. Its fibers are 

available in diameters ranging from 200-1000 κm.  Both the 200 κm and 365 κm 

fibers can be used with semi-rigid and flexible ureteroscopes and their flexible nature 

allows for preservation of flexion capabilities which is a great advantage of this 

modality. The ability to effectively fragment all stone compositions makes HoL 

lithotripsy a valuable tool in the hands of an endourology surgeom. In addition the 

flexible nature of the laser fiber makes it helpful in flexible renoscopy. The relatively 

small penetration of this laser provides a high margin of safety as long as care is taken 

to keep the fiber at least 1 mm from the urothelium. The disadvantages of Hol 

lithotripsy lie within its potential ability to perforate the urothelium if activated within 

close proximity to the wall of collecting system. In addition the cost of the fibers 

combined with their relatively small life span may be a major drawback. 

 Technically the Hol fiber should be kept at least 2 mm beyond the end of the 

scope to avoid damage to the lens system. The most efficient technique to fragment 

the stone with the laser is the painting technique. In this way the lithotripsy allows 

vaporization of the stone and helps avoid large fragments. While performing laser 
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lithotripsy it should be kept in mind that laser has the capability of cutting through 

metals (guidewires, baskets). 
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 Part 2 

A. Introduction 

According to most recent guidelines of EAU, percutaneous nephrolithotripsy (PCNL) 

is the gold standard procedure for stones> 2 cm, in stones situated inside a 

diverticulum of the lower calyx, in staghorn calculi, in failed extracorporeal 

shockwave lithotripsy (ESWL) and in stone situated in a lower calyx and 

ureteropelvic junction stenosis
29

.With the development of new endoscopic modalities, 

novel imaging techniques  and robotic technologies  that can be combined with the 

standard PCNL, this relatively old surgery  technique can play a distinctive role in the 

era of minimal invasive urology and possibly augment it.  The purpose of this article 

is to review the literature for all the novel aspects of this procedure and their 

effectiveness. 

B. Materials and Methods 

 We reviewed the literature for articles concerning percutaneous lithotripsy 

(PCNL). The search was limited in articles which had at least abstract written in 

English and were indexed in PubMed from 1980- 2014. The keywords that were used 

were percutaneous lithotripsy, techniques, patient positioning, imaging modalities, 

dilation, puncture site, drainage and novel aspects.  

C. Patient positioning 

Valdivia et al were the first researchers ever published their experience in 557 patients 

which were operated in the supine position in an attempt to overcome the limitations 

of the most widely used so far, prone position. In this study authors conclude that the 

risk for colon perforation is significantly lesser in the supine than in prone position 
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due to the position of the bowel which is far from the kidney and the puncture tract
30

. 

There are studies conducted in a large number of patients which are in favor of supine 

position while explaining its advantages, including decreasing operating time, 

evacuation of stone fragment, a more tolerable position for high-risk patients, and 

sitting position for the surgeon
31

. The other major complication of PCNL, which is 

bleeding, is the field of study of a recent review which demonstrates an overall 

transfusion rate of 4, 6% with supine PCNL
32

.  But the most important results come 

from the direct comparison of prone and supine positioning during performance of 

PCNL by the same surgeon. There are three studies in the literature that give us the 

answer in the above question. Unfortunately those papers are underpowered due to 

small sample sizes, but nevertheless no significant difference in transfusion rate was 

noted by any group.  When considered together the transfusion rate for PCNL 

performed in the supine position was 8, 4% versus 4, 3% when performed prone 

(p=0.07)
32,33,34

. More recently de la Rosette et al when they examined the effect of 

patient positioning, they concluded that the prone position was associated with similar 

bleeding rates, but decreased operative times, and slightly improves stone free rated 

compared to the supine position in patients with increased BMI and with staghorn 

stones
35

.  Other possible positions are the supine Valdivia- Galdakao, the modified 

supine position and the “Barts” position, especially in obese patients or patients with 

cardiac or respiratory problems
36,

. Recently Daels et al
37

 studied 75 patients in which 

they performed PCNL in Valdivia-Galdakao position. The study proved that this 

position has significantly lesser complications from the cardiovascular and the 

respiratory system and also provides better access to the airway. The study also 

concluded that there are lesser complications from the gastrointestinal tract due to the 

position of the colon. In similar results reached Amon Sesmero et al
38

 who studied 50 
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patients who were operated in Valdivia- Galdakao position vs 50 patients in prone 

position, with similar stone free rates.  

 

D. Imaging technique for the puncture of pelvicalyceal system 

The most widely utilized imaging modalities for obtaining percutaneous 

access to the collecting system is fluoroscopy and ultrasound. Access to the collective 

system with fluoroscopy is more challenging that with ultrasound guidance
39

. In a 

clinical trial 100 patients with no abnormality of the upper urinary tract were selected 

from among candidates for PCNL and randomly assigned to two groups (of 50 

patients each): group 1 that ultrasound guided access was utilized versus group 2 that 

fluoroscopy guided access was used. Duration of the access procedure was 11+- 3,5 

mins and 5,5+-1,7 mins in groups 1 and 2 respectively (p=0.001). Duration of 

radiation exposure, on average was 0,69 and 0,95 min respectively (p=0,001). They 

concluded that ultrasound guidance for accessing collective system in PCNL is an 

acceptable alternative to fluoroscopy and also decreases radiation hazards
40

. In 

another study Zegel et al compared 55 patients with ultrasound access with 33 

patients with fluoroscopy access and found that the use of either sonographic method 

for the initial needle puncture significantly reduced the number of puncture attempts 

(p = 0.000004) and potential iatrogenic risk, eliminated the need for intravenous 

administration of contrast material, allowed initial safe introduction of a large caliber 

needle, and decreased the length of time needed to perform the procedure
41

.  

Ultrasound-guided access has also been described in the nondilated system and 

researchers found that under B-type ultrasound guidance, severe complications did 

not occur during nephrolithotripsy and stones were cleared in 114 out of 132 cases 
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(86.4%) during immediate phase I lithotripsy this operation and so this operation 

appears to be efficacious and safe
42 

but this approach needs significant experience
43 

.On the other hand there are studies that performed a combination of these two 

techniques and found this combination efficient and safe method in PCNL and they 

conclude that it should be the first option in PCNL
44

. Finally in a recent study, 

Andonian et al studying a matched sample with 453 patients in each group from the 

CROES database concluded that there is a greater risk of hemorrhage when 

fluoroscopy is used in contrast with the use of ultrasound 13.1% (p=0.001) and 11.1% 

(p=0.001) respectively but they remark that this must be related to a greater access 

sheath size (≥ 27F) and multiple puncture
45

. 

 Novel techniques like CT or MRI guided puncture for performing PCNL are 

basically needed in few selected patients but more recent studies tend to alter this 

conclusion and augment the role of these modalities in performing PCNL
46

.  The need 

for reducing the number of punctures lead to the development of new techniques like 

all seeing needle. Bader et al
47

 studied 15 patients who underwent PCNL with the use 

of this technique and published very good results.  

Trying to achieve the same goal led to the development of novel modalities 

such as the use of robotic system for percutaneous renal puncture. LARS 

(Laparoscopic Assistant Robotic System) was used by Cadeddu et al
48

 who described 

accuracy in vitro 0,43 mm and ex vivo success with the first attempt 83%. A more 

recent developed robotic system called PAKY (percutaneous access to the kidney) 

helped in performing PCNL in 9 patients and authors described in the in vitro study, 

successful puncture with the first time in all 70 attempts, including 10 attempts at the 

3-mm balls. Clinically, percutaneous access to the desired calix was attained on the 
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first attempt in each case. The mean targeted calyx was 14,7 mm I diameter and the 

mean time required to gain access was 8,2 mm with no complications
49

. PAKY-RCM 

(percutaneous access to the kidney with the remote center of motion device) which is 

the evolution of the PAKY system accomplished even better results when compared 

with the standard manual access. In a study comparing 23 patients in a group with 

robotic assistance and 23 in a group with the standard manual access the results, no 

significant difference was found in time to access with the mean number of attempts 

2.2 +/- 1.6 v 3.2 +/- 2.5 (P = 0.14), a mean of 1 10.4 +/- 6.5 minutes v 15.1 +/- 8.8 

minutes (P = 0.06) in the manual needle puncture. The PAKY-RCM was successful in 

obtaining access in 87% (20 of 23) of cases.  The authors conclude that Robotic 

PAKY is a feasible, safe, and efficacious method of obtaining renal access for 

nephrolithotomy
50

. Nevertheless these modalities are still in infancy and larger studies 

are needed in order to prove their efficacy and cost-effectiveness.   

E. Site of  puncture 

The most commonly used site for entering the collective system is a rear 

posterior calyx due to lack of vessels in this area. Nevertheless the puncture of an 

upper calyx may be mandatory due to the position or the size of the stone. This 

puncture has higher complication rates which range between several studies in the 

literature from 10-26%. Munver et al.
51

 studied 240 patients and found that the overall 

complication rate irrespective of percutaneous approach was 8.3% (16.3% for 

supracostal and 4.5% for subcostal access). More specifically the three major 

complications categories that typically are of concern in PCNL are pulmonary 

complications, adjacent organ injuries and postoperative pain. For the first category it 

is well documented that supra costal access is associated with increased occurrence of 
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pulmonary injuries. From the same study seven out of 8 intrathoracic complications 

(87.5%) developed in supracostal cases. As for organ injury, which is less common 

than pulmonary complications, include injury of liver, spleen and intestines. A similar 

study shows that PCNL with supracostal access can damage the liver in 4% of 

patients and the spleen in 3% of patients especially during aspiration, whereas the 

primary risk from a posterior 11th-12th rib intercostal approach to the upper renal 

collecting system of intervening lung can be expected to occur in from 14% to 29% of 

patients
52

. Because these injuries and especially colon perforation may result in an 

important morbidity and even mortality the use of preoperative CT to determine the 

relationship of adjacent structures is of great importance
53

. Another study mentions 

that patients undergoing PCNL with supracostal approach can exit the operating room 

without the need of drainage resulting in less analgesia (P = 0.000) and discharging at 

a mean of 19 hours earlier (P = 0.000) than those in the control group (with 

drainage)
54

. Finally the main conclusion about puncture site is that familiarity with 

basic renal anatomy is essential to obtain access safely. Adherence to basic principles 

allows the establishment of percutaneous access in a straightforward and efficient 

manner. Of course certain clinical situations may require special access techniques
55

.  

 

F. Dilation of access  

There are a wide variety of dilators in order to perform PCNL. Every one of 

them has its advantages and disadvantages with the balloon dilator to be the most 

commonly used.  The most important complication of dilation remains hemorrhage 

and varies between the dilators with balloon dilator having the better rates, ranging 

from 0%- 15,5%
56,57,58

. Other common complication of dilation is renal pelvis 
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perforation. This complication can be minimized using the one step dilation which is 

provided by the balloon system dilator. 

 

G. Lithotripsy 

The two most commonly used modalities in PCNL for lithotripsy is the 

combined ultrasonic and pneumatic lithotripsy and the Holmium YAG: laser (HoL) 

lithotripsy.  The clinical utility of the combined (ultrasonic and pneumatic) lithotripter 

has been evaluated in several studies
59,60,61

.
  

In the first of these studies, 68 patients 

were treated for staghorn calculi over a 2 year period. From these thirty-five patients 

had complete and 33 patients partial staghorn calculi. Clinically, complete stone free 

rate (KUB and ultrasound) was 66% after the first PNL whereas sixteen out of 68 

patients had a second look PNL with an overall stone free rate of 89.7% by 

dismission
59

. In the second study, 20 patients with symptomatic renal stone were 

randomized to receive stone fragmentation and removal using a standard ultrasonic 

device or a new combination pneumatic/ultrasonic. The combination device required 

significantly less time for complete stone clearance (21.1 versus 43.7 minutes, p = 

0.036) as well as a greater rate of stone clearance (39,5 vs 16,8 mm2/min, p = 0.028 

)
60

 . Finally in the third study, in which 30 patients were enrolled, stone ablation and 

clearance rates were similar for both the combined pneumatic and ultrasonic device 

and the standard ultrasonic device (46 and 66,7% p=0,26). When stratified with 

respect to stone composition, the combined device was more efficient for harder 

stones, and the standard device was more efficient for softer stones
61

. 
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Hol has been extensively used for PCNL, with success rates after a single 

session ranging from 61,4% to 89% and their result have shown that using a high-

power holmium-YAG laser is safe and effective in the treatment of large renal 

stones
62

. A relevant study compared Hol and pneumatic lithotripter in 60 patients who 

underwent PCNL for 2,5 cm stone and found more operating time in the laser group, 

more complications with pneumatic lithoclast group and a high initial cost of laser, 

with similar stone free rates.
63

. One of the largest studies so far in the literature was 

published by Li et al and presented a novel technique for PCNL called MPCNL.  The 

authors published 4760 minimal invasive PCNLs (MPCNLs) in 3610 kidneys 

including 240 kidneys with staghorn calculi and 85 ureteral stones. They published a 

stone free rate of 89% and a significant complication rate of 0,86%. Their conclusion 

was that MPCNL is a safer approach which minimizes the risk of vessel injury but 

much time is needed for the surgeon to master this technique
64

. Finally for stone 

fragment extraction a technique using a Nelaton catheter to wash out these fragments 

has been published with very good results
65

. 

H. Drainage and hemostasis 

 There are three main techniques for ending a PCNL procedure: placement of a 

nephrostomy tube, placement of a ureteral stent and without any drainage (total 

tubeless surgery). Pietrow et al randomized thirty consecutive patients to receive 

either a 10F pigtail catheter or a 22F Council-tip catheter for their percutaneous 

drainage after PCNL. They authors demonstrated that those patients with the smaller 

nephrostomy tube noted significantly lower pain scores at 6 hours (3.75 v 5.3; 

P=0.03). Although the pain scores were lower on POD 1 and 2 for the 10F catheter 

group, the difference was not statistically different (1.9 v 2.9 and 1.25 v 1.9, 
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respectively; both p>0.05) without reporting any adverse effects with the smaller 

tube
66

. Not many papers exist in the literature to compare PCNL with tube drainage 

and stented PCNL. In one of these Feng et al compared 27 patients that underwent 

traditional PCNL with tract dilation to 30F for passage of a 34F working sheath 

versus “mini-PCN” in which tract dilation was performed up to 22F for passage of a 

26F sheath versus tubeless PCN which involved the use of a double-J stent for 

internal drainage without the use of a nephrostomy tube for external drainage at 

termination of the procedure (stented PCNL). The researchers found that the tubeless 

PCNL group required less morphine use, had a decreased length of hospitalization, 

and had a smaller total procedural cost compared with the other two groups, but this 

study has the disadvantage of small number of patients
67

. A much larger randomized 

study was conducted by Agarwal et al who reported 222 patients underwent standard 

PCNL versus tubeless PCNL In this study superior outcomes in terms of 

postoperative pain(59 +/- 5.1 vs 31 +/- 4.8 p < 0.01)  and hospital stay (21.8 +/- 3.9 

hours vs 54.2 +/- 5 hours p < 0.01) and incidence of urinary leakage from the 

nephrostomy site (0/101 vs, 7/101) were found in the tubeless PCNL
68

. In the same 

pace a prospective randomized trial of 85 patients found lesser surgery time and lesser 

postoperative pain in the stented group,  with no significant difference in bleeding or 

leakage complications observed.
69

.  Same results in a large meta-analysis of 14 

randomized trials including 776 that showed that there were statistically significant 

differences in hospital stay, postoperative analgesic requirement and urine leakage 

between tubeless and standard PCNL but no statistically significant differences in 

terms of stone-free rate, postoperative fever, and blood transfusion between tubeless 

and standard PCNL
70

. The results of relevant studies are in favor of totally tubeless 

PCNL
71

.  The first randomized trial concerning this subject of debate came from 
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Instanbulluoglu et al in forty-five patients who underwent totally tubeless PCNL 

(Group 1) vs 45 patients in which a 14F malecot nephrostomy catheter was used for 

drainage (Group 2). When comparing the two groups they found the same results in 

the stone free status and complication rates with lesser postoperative pain in the 

tubeless group
72

. Totally tubeless PCNL is a safe method in a well selected group of 

patients but larger studies are needed to prove the safety and efficacy of this 

procedure in a larger cohort of patients needing PCNL. Clearly the postoperative 

drainage is mandatory in the case of serious bleeding, perforation or injury of the 

adjacent organs
73

. The complication rate between the different modalities in every 

step of the procedure is shown in Figure 1. 

 In patients who are eligible for stented or tubeless PCNL, adjunctive 

techniques can be utilized to establish hemostasis and aid parenchymal closure. 

Various options like sealants and thermoablative techniques can be utilized for this 

cause.  These techniques are not very well known to a large portion of the urologic 

society and so studies like the one of Choe et al give a detailed review of the available 

sealants and their characteristics
74

. A relatively large randomized trial of Shah et al 

followed 32 patients who underwent uncomplicated stented PCNL and 31 patients in 

the control arm. The study showed lesser postoperative pain and analgesic 

requirements in the study group but no statistically significant difference in the blood 

transfusion rate or in the length of hospital stay whereas complete stone clearance was 

achieved in 87.5% of patients in the experimental group and in 90.32% of control
75

. 

Due to the possible effect of these hemostatic agents when in contact with urine
76 

and 

the little follow up of the patients involved in the relevant studies due to the limited 

use of these factors no safe conclusions can be extracted regarding their effectiveness. 
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In the same manner sparse data in the literature exist concerning thermoablative 

techniques that give a possible new field of study
77 

but their effectiveness is far from 

proven.  

  

 

Ι. Combination of endoscopic techniques and PCNL 

The combination of flexible ureteroscopy (URS) and PCNL for the treatment 

of staghorn calculi can decrease the number of kidney puncture and accomplish better 

stone free results
78,79

.  Scoffone et al
80 

studied 127 patients who underwent combined 

URS and PCNL in Valdivia- Galdakao position accomplished stone free rates up to 

82%. In this combination technique efforts have been made to use smaller instruments 

and this procedure is known as mini-PCNL, in which the tract is dilated only in 13-20 

Fr
81

.  

 

J. Conclusions and future perspectives  

PCNL was widely used in the past but it is still a valuable procedure and will 

be an important technique for the future. It is the gold standard technique for treating 

big and staghorn stones.  Big multicenter randomized trial concerning PCNL and its 

efficacy in a wide variety of different factors are ongoing. Their results are expected 

with great concern
82

. 
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Figure 1 Comparison of complication rates between the most popular modalities 

used in each step of the procedure 

Step of the procedure Complication type Complication rate 

Patient Position (supine vs prone) Blood transfusion  8,4% vs 4,3 % (p=0,07)
 4,5,6

 

Imaging(fluoroscopy vs ultrasound) Risk of hemorrhage  13,1% vs 11,1% (p=0,001)
 17

 

Site of puncture(subcostal vs 

supracostal)  

Overall 

complications 

4,5% vs 16,3%
23

 

Tract dilation(Amplatz vs balloon) Blood transfusion 15% vs 10% (p = 0.048)
28

 

Drainage (standard vs tubeless) Leakage 7% vs 0%
40

 

 

 

Abstract 

Percutaneous nephrolithotripsy is one of the most important surgical options in the 

treatment of renal calculi. This article presents the stages of the technique of 

percutaneous nephrolithotripsy and the advantages and disadvantages of each method. 

In particular, analyzes the prevailing and new data in patients position, renal access, 

dilation of the nephrostomy tract and the type of renal drainage and lithotripsy as well 

as the possible future perspectives that make this intervention a key member of 

minimally invasive urological surgery  

 

Περίληψη 

 Η δηαδεξκηθή λεθξνιηζνζξπςία απνηειεί κηα από ηηο ζεκαληηθόηεξεο 

ρεηξνπξγηθέο επηινγέο ζηελ αληηκεηώπηζε ηεο ιηζίαζεο ηνπ λεθξνύ. ΢ην παξόλ  

άξζξν  παξνπζηάδνληαη ηα ζηάδηα ηεο ηερληθήο ηεο δηαδεξκηθήο λεθξνιηζνηξηςίαο 

αιιά θαη ηα πιενλεθηήκαηα θαη ηα κεηνλεθηήκαηα ηεο θάζε κεζόδνπ.. Εηδηθόηεξα, 

αλαιύνληαη ηα επηθξαηνύληα θαη ηα λεόηεξα δεδνκέλα ζηε ζέζε ηνπ αζζελή, ηεο 
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λεθξηθήο πξνζπέιαζεο, ζηνπο ηξόπνπο δηαζηνιήο ηεο νδνύ λεθξνζηνκίαο αιιά  θαη 

ην είδνο ηεο λεθξηθήο παξνρέηεπζεο θαη ηεο λεθξνιηζνηξηςίαο θαη ησλ πηζαλώλ 

κειινληηθώλ πξννπηηθώλ πνπ θαζηζηνύλ απηήλ ηελ επέκβαζε βαζηθό κέινο ησλ 

ειάρηζηα επεκβαηηθώλ νπξνινγηθώλ ρεηξνπξγείσλ. 
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