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l Historical data
The first percutaneous nephrostomy (PN) was 

performed by Goodwin in the USA, 1955 (1). After 20 
years, in 1975, two Swedes, Femström and Johanson 
achieved the first percutaneous nephrolithotomy 
(PCNL) in the world, succeeding to extract a renal cal-
culus with the help of an endoscope through a path 
preformed by nephrostomy. It was the turning point in 
the treatment of renal lithiasis – the beginning of the 
endoscopic treatment for renal lithiasis. At the begin-
ning, the intervention was performed in two distinct 
phases: firstly was the percutaneous nephrostomy, fol-
lowed by the proper extraction of the calculus through 
the path of the percutaneous nephrostomy in the sec-
ond stage. Today, as a result of the improvement of the 
operation techniques and of the medical equipment, 
the intervention is performed only in one operating 
stage.

Small calculi (with a diameter under 0.7 cm) are 
extracted in an intact form, with a forceps for calcu-
li, through the nephroscope sheath. The renal calculi 
with a diameter over 1.5 cm are extracted with the for-
ceps through an Amplatz sheath with a diameter of 25 
or 30 Ch. Using of the Amplatz sheaths reduces intra-
cavitary pressure and significantly shortens the oper-
ating stage. Voluminous calculi are extracted only after 
fragmentation.

Indications and contraindications
PCNL has precise indications and contraindications, 

which must be strictly respected for the avoidance of 
any complication. Thanks to extracorporeal lithotrip-
sy, the PCNL is limited to approximately 20-30% of the 
cases (1, 2, 3). 

From our experience of over 8500 cases, between 
1996 and 2014 the indications are: 

– Calyceal calculi with stenosis of calyceal stem
– Pyelic calculus with a diameter of 2-3 cm
–  The extraction of renal calculi, remaining after the 

eSWL or open surgery 
–  Staghorn calculus, as monotherapy, or in combi-

nation with eSWL
–  The inclavated calculus in the pelviureteric junc-

tion (PUJ) housed over 4 weeks with the hy-
po-functional kidney intravenous urography 
(IVU), but with an acceptable parenchymal pa-
rameter.

Contraindications of PCNL are:
–  Absolute – coagulation disorders through the 

absence of the different factors of coagulation, 

latent fibrinolytic states, which may trigger acute 
fibrinolysis followed by severe bleeding through 
the consumption of the coagulation factors.

–  Relative – excessive obesity due to the precarious 
visibility of the pelvicalyceal system (PCS) and of 
the lumbar wall’s thickness.

If the life of a mother is in danger, during pregnancy, 
especially in the first trimester, PCNL can be performed 
only after delivery.

Certain diseases, which require a prolonged coag-
ulant treatment (valvulopathy), liver cirrhosis, chronic 
liver diseases (through coagulation factors deficiency)

Decompensated cardiorespiratory conditions, 
acute phlebitis and thrombophlebitis, decompensated 
diabetes. 

This category also includes: uncontrolled hyperten-
sion, with values over 180 mm Hg of the systolic pres-
sure. In the last months of pregnancy, if it is necessary, 
the intervention can be performed in two stages; the 
first stage, urgent urinary diversion, and after birth, ob-
structive urinary affection, usually lithiasis (extracorpo-
real shockwave lithotripsy, PCNL etc.).

The renal abnormality of number, location and ro-
tation, the horseshoe kidney, can make the puncture of 
a posterior calyx difficult, and, at times, even impossi-
ble. Sometimes cavitary or parenchymal organs can be 
punctured or injured. The cavitary renal system, which 
is really gracile and non-dilated, sclerolipomatou py-
elonephritis do not permit the proper relaxation of PCS.

The skeleton’s abnormalities cause modifications of 
change and rotation of the kidney or even they engage 
the interposition of some organs (lungs, pleura, liver, 
spleen), and they make the correct punction of the re-
nal pelvicalyceal system impossible (PCS), while an im-
proper punction might cause injuries to these organs. 

The preoperative assessment of the patient for 
PCNL is an important stage in order to know the bio-
logical status of him/her, in order to detect some func-
tional or organical modifications, be them manifested 
or unmanifested from a clinical point of view. The ul-
trasound and radiological investigations (reno-vesicle 
radiography and IVU) detect the presence (or the ab-
sence) of lithiasis in the urinary tract, its location, the 
number of calculi and their impact on the urinary tract. 
Minute care is paid to the laboratory investigations and 
especially to the coagulation tests. The coagulation 
disorders represent and absolute or relative contraindi-
cation for PCNL, extracorporeal shockwave lithotripsy 
(eSWL) or other endoscopic and even open procedures.

The correct and complete ultrasound examination, 
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lwhich detects the physiological changes of the kidney 
and PCS in acute kidney failure or chronic kidney failure, 
is of great importance. At the same time, it represents a 
particularly effective method for the intraoperative and 
postoperative control in the first 24-48 hours after the 
intervention.

Anesthesia
Due to the fact that in most common cases, with 

the exception of staghorn calculi, for multiple lithiasis 
or unique but voluminous calculi, renal lithiasis, espe-
cially in the case of a specialist prepared for PCNL, an 
epidural anesthesia is preferred. General anesthesia 
is rarely used in our clinic, particularly for children or 
mentally unstable adults. As well, general anesthesia is 
used for one reason or another when the epidural an-
esthesia cannot be performed1.

Surgical tehnique
Modern therapeutic methods (PCNL, eSWL, ante-

grade - AURS and retrograde ureteroscopy - RURS) de-
finitively imposed themselves to open surgery through 
efficiency, the reduction of parenchymal loss, being 
followed by a rapid socio-professional reinsertion of 
the patient1, 2, 3. The minimum scarring injuries at the 
level of the PN parenchymal tract are certified through 
serious studies of renal function, arteriography and 
computed tomography (CT), in comparison to those 
through anatrophic nephrolithotomy and it confirms 
the minimum-aggressive character of endoscopic sur-
gery in contrast to open surgery2, 3, 4. This paper is based 
on my personal experience concerning 5554 patients, 
performing over 8500 endoscopic interventions for 
lithiasis of the upper urinary tract. The first attempt of 
solving the case of a staghorn calculus with the help of 
endoscopy goes back to the year 1983, when Clayman 
announces for the first time the success of a PCNL for a 
staghorn calculus5. As experience was gained, the level 
of success rose, and as a consequence the incidence of 
complications decreased, especially in the case of ma-
jor complications6, 7.

After all not even eSWL, for which great expecta-
tions were held at the beginning of the 80’s, proved to 
be the best method as monotherapy in the treatment 
of staghorn calculi, big renal calculi or calyceal calculi. 

The milestone in the endoscopic solution to a re-
nal calculus is performing a correct, transpapillary ne-
phrostotomy, which allows the kidney access, to visu-
alize and extract the calculi directly, or after a previous 
fragmentation. The differentiation of a posterior calyx 

from an anterior one, from the targeted calyceal group 
due to be punctured, is the essential condition for the 
success of a renal percutaneous intervention. 

A good method of identifying the posterior caly-
ces, in the same fluoroscopic way, is the method used 
in United States of America, which consists in the ex-
amination of the patient in a vertical position after the 
introduction of small volumes of carbon dioxide or ni-
trous oxide (5-7 ml) through the uretheral probe, pre-
viously introduced in PCS. In vertical position, the pos-
terior calyces being situated on a plan superior to the 
anterior ones, the tendency of the gas is to lift on a su-
perior plan (posterior calyces), regardless of the kidney 
type, be it Brödel or Hodson. Afterwards the contrast 
agent is introduced through the uretheral probe, the 
posterior calyces will be visualised as transparent re-
gions, while the anterior calyces will become opaque8, 9.

After the study of the pyelographical images, the 
ultrasound on the operating table with the patient on 
supine position, longitudinal sections are realised, sec-
tions which normally identify the calyces in the posteri-
or hemi-valve8, 9, 10, 11.

The correct identification of the posterior calyces, 
as against the anterior ones represents an important 
stage in the realisation of the renal percutaneous inter-
vention. The access in an anterior calyx is more difficult 
and also more dangerous, and making the passing of 
the guide in the pyelon impossible, and afterwards, if 
enforced with the metallic dilator through an improper 
trans-parenchymal tract, the columns of Bertin, which 
are richly vascularised and the place where large ves-
sels meet, could be injured.

The dilatation maneuvers could be followed by 
severe vascular damages. When renal percutaneous 
punction is done strictly transpapillary, the trans-pa-
renchymal tract (between the kidney’s periphery and 
the papilla of the punctured calyx) is very short and it 
only involves vessels with a small diameter2, 3, 12.

The percutaneous punction of the calyx offers the 
most possibilities for the complete resolution of the 
lithiasis for the respective calyx, pyelon and sometimes, 
depending on the conformation and the kidney’s 
mobility, even from PUJ. In the case of some kidneys 
from the inferior calyces, the superior calyces can be 
reached. From this reason, the inferior calyx is the one 
selected in 70-80% of the cases1, 14.

The punction of the inferior calyx is performed 
through the posterior axillary line at/under the head 
of the 12th rib. The monoplanned fluoroscopic image 
is sufficient for the correction of the puncture needle’s 
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l orientation. Conversely, the third plan and the direc-
tion in depth of the needle cannot be appreciated, pre-
cisely the introduction of the needle’s direction in the 
sagittal plan. The calyceal punction under ultrasound 
guidance allows the correct tridimensional orientation 
of the needle. 

When the tip of the needle touches the kidney, it 
can be seen on the monitor of the image’s amplifier 
how the organ is mobilised in a craniomedial direction. 
As the needle advances, a slight deformation of the ca-
lyx’s papilla can be visualised (when the tract is perfect-
ly transpapillary, or the convexity cavity of a calyceal 
bullas, in case of hydronephrosis3, 15, 16. It’s necessary 
that the percutanous punction is perfectly rectilinear, 
consequently realising a rectilinear tract. The failure 
to respect this desideratum is followed by the realisa-
tion of a sinuous or angulated tract and, consequently 
it leads to the impossibility to properly dilate the PN 
tract.12, 13, 14. 

The amplitude of the pulmonary excursions must 
be limited for the prevention of possible pleural-pul-
monary injuries13, 14, 15, 16. The percutaneous punction 
must be executed at the middle or in the inferior half 
of the intercostal space. To avoid lesions of the colon, 
the place for punction must be on the posterior axillary 
line. As well, this goes for the avoidance of spleen and 
colon lesions. 

When the abord of a superior or middle calyx is 
strictly necessary, to avoid the percutaneous punction 
through a high intercostal space, angulated percutane-
ous tracts are used. It shall not be forgotten that the 
lateral limit of this abord must also be on the posterior 
axillary line. The fluoroscopic examination of the lung 
in an anterior-posterior plan of the lung, with the pa-
tient breathing shallowly, is necessary. When perform-
ing a transthoracic PN tract, the lesion of the intercostal 
neurovascular package (which is located on the inferior 
periphery of the upper rib) must be avoided. 

If the calyceal punction was realised correctly, after 
the extraction of the punction needle’s mandrel, urine 
begins to drain mixed with the contrast agent, colored 
in blue, methylene blue mixed with a contrast agent.1, 

3, 12

The next step is the introduction of the semi-rigid 
guide through the needle’s lumen and afterwards in 
the pyelon, without perforating its wall. Then, the skin 
incision is performed, at the lombar or thoracic level, 
with the scalpel. The dilators are carefully introduced 
under fluoroscopic guidance.

For the proper dilation of the PN tract I have used 

the Alken set. In the case of a lombar wall which pre-
viously had open surgey, I usually use the Amplatz set 
of dilators. After the preliminary dilation, the last one is 
extract, but while maintaining the guide steady, under 
fluoroscopic control. Afterwards, all the dilation ma-
neuvers are realised strictly under fluoroscopic control. 
The dilation, using the metallic Alken set is realised eas-
ier and faster, and the bleeding from the interior of the 
renal cavity is insignificant. On the remaining guide, 
the axial dilator with buttoned tip of the Alken set is 
introduced in the pyelon, under fluoroscopic control. 
Metallic sheaths are successively introduced (9, 12, 15, 
18, 21, 24 Ch) while maintaining the dilator in the lon-
gitudinal axis of the calyx. The maneuvers have to be 
gentle in the longitudinal axis of the calyx, avoiding the 
guide’s folding and transmitting a rotation movement 
in its longitudinal axis. 

Afterwards, the nephroscope sheath (26 Ch) is in-
troduced on the last dilator (24 Ch). By maintening the 
nephroscope sheath in the pyelon, the dilators are re-
moved and the nephroscope is introduced, connecting 
it to the light source, and the sheath to the irrigation 
and evacuation system17.

The dilatation of the PN tract can be difficult in cas-
es of recurrent lithiasis, after open surgeries, due to the 
postoperative sclerolipomatous pyelonephritis. This 
requires the incision of the lombar wall for a better dil-
atation of the PN tract.

The selection of the optimal calycx, depending on 
the location, volume and complexity of the preopera-
tive calculus represents an essential condition for the 
successful extraction of the calculus or calculi. 

One or more PN tracts can be used in one operative 
session, or in more sessions. At the end, for each of the 
PN tracts that have been created or through the unique 
PN tract, a tube of PN is properly introduced. The tube 
allows the appropriate drainage of urine. The PN tube 
can be maintained 48 hours or more if the lithiasis is 
not solved completely. The PN tube is maintained until 
a next session is scheduled. 

Thus, the PN tract can be used for the complete 
extraction of the calculus and after the clearing of the 
urine. Bleeding is a major contraindication for perform-
ing a new PN tract. 

The orientation nephroscopy is a substantial mo-
ment in a renal endoscopic intervention. After the in-
troduction of the nephroscope in PCS and the connec-
tion to the light source and to the irrigation source, the 
orientation nephroscopy visualizes, in the pyelon, the 
previously introduced uretheral catheter and the sin-
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lgular or multiple pyelic lithiasis. Following the catheter 
in a caudal sense, PUJ is also discovered and examined. 
Afterwards the nephroscope is orientated in a crani-
al sense, and by following the uretheral catheter the 
stem of the superior calyces are identified. Whenever 
possible, after its introduction in the stem, the calyce 
is examined up to the calyceal papilla. Retracting the 
nephroscope and orientating it in a cranio-caudal di-
rection, the orifice of the middle calyces can be detect-
ed. Continuing we can identify the stem of the inferior 
calyx.

In my experience, I have adopted the way of the 
German school, according to which all stages of the in-
tervention must be done exclusively by the urologist. 
Only the urologist is the one who has the competence 
and the responsibility to realise a new PN tract, when 
the situation demands it, to think and elaborate the 
intervention tactics and strategy, depending on the 
complexity of the calculus, the patient’s particularities, 
the intraoperative situation and he is the one respon-
sible for the interruption of the procedure at a given 
moment, for well-grounded reasons. 

Only in rare cases, with a standard PN tract, without 
intraoperative bleeding, there is the tubeless possibili-
ty. This decision, and the entire responsibility, belongs 
exclusively to the urologist. 

Calculi, with diameter over 1.5 cm, can be extract-
ed through a corresponding nephroscope sheath 
or through an Amplatz sheath, only after a previous 
fragmentation. For this purpose I have used ultrason-
ic, electro-hydraulic and mechanical fragmentation, 
not having at my disposal laser lithotripsy. I mention 
again that the Amplatz sheaths can be used in case of 
a perfect transpapillary and rectilineal PN tract. The in-
tervention would end with placement of a PN tube in 
the pyelon. 

The extraction of residual fragments, dislocated in 
the kidney, can be performed by dislocated them with 
the puncture needle (or with the guide) from the ca-
lyx, with saline jet through the punction needle, in the 
pyelon, from where they will be extracted. Performing 
a new PN tract, can be used to extract the fragments 
in the same session or if there are contraindications, in 
an upcoming session. Another possibility is an eSWL 
session.

Calyceal calculi can be difficult to extract using an 
endoscopic procedure. Only after gaining some skill 
experiences, that would allow more complicated and 
safer endoscopic maneuvers, urologists are advised to 
perform PCNL.18, 19, 20, 21, 22, 23, 24.

Besides the technique with posterior approach, 
there is one technique with anterior approach, the 
Valdivia technique, used successfully especially for 
obese patients. The Valdivia technique was also intro-
duced and successfully used in the Urology Clinic from 
Timișoara.

In order to decrease morbidity associated with 
larger instruments like blood loss, postoperative pain 
and potential renal damage, a modification of the tech-
nique of standard PCNL has been developed. This is 
performed with a smaller endoscope (11–20 F) and was 
named as minimally invasive PCNL or mini-PCNL. The 
aim of mini-PCNL procedure is to decrease the size of 
nephrostomy tract.25

PCNL, with the use of appropriate size instruments 
is recommended by the eAU guidelines as the first-line 
treatment for renal pelvic or caliceal stones with a di-
ameter larger than 20 mm in children.26 General indi-
cations for mini-PCNL that may also exist for the con-
ventional method include previous failure of eSWL or 
ureteroscopic lithotripsy, cystine calculi and anatomic 
abnormalities precluding retrograde access or the dis-
tal passage of stones.27 Mini-PCNL may also be useful 
in patients with a narrow (<5 mm) or long (>30 mm) 
infundibulum or as a secondary access for inaccessible 
or residual fragments resulting from standard PCNL.27, 28

The limitation of ultra-mini PCNL, however, is the 
operative time taken to fragment and completely clear 
stones larger than 2 cm through 11–13F sheaths. Sim-
ilarly, for larger stone burden, multiple or branched 
calculi, especially in a significantly dilated pelvi-caliceal 
system, ultra-mini PCNL is unlikely to be able to replace 
standard PCNL.29
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