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The current status
of percutaneous nephrolithotomy
in the management of kidney stones
M. P. YUHICO, R. KO

Large kidney stones (>2 cm) is a common problem affecting all population groups across the
globe and may result in significant complications if left untreated. The treatment for this
condition has evolved dramatically over the
past seven decades with the advent of minimally invasive treatment options. At the forefront of this paradigm shift is the development
of percutaneous nephrolithotomy (PCNL). This
has resulted in shorter hospital stays, reduced
postoperative pain, and quicker convalescence
compared with the previous criterion standard
of open stone surgery. PCNL is only one of the
many minimally invasive treatment options
available for this condition, but remains the
most efficient in all patient groups. However, it
continues to be one of the more challenging
urological procedures, which if not performed
well, can be associated with significant complications. Refinements in techniques, improvement in equipment and increasing clinical
experience have led to improved stone free
rates being achieved with acceptably low patient
morbidity. In this article, authors review the
technical aspects, outcomes, and current role of
PCNL in the treatment of large kidney stones.
Key words: Nephrostomy, percutaneous Kidney calculi - Surgical procedures, minimally
invasive.
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History and development

P

ercutaneous nephrolithotomy (PCNL) in
the modern era has been the culmination of nearly seventy years of development.
The foundations were laid in 1941 when
Rupel and Brown first reported that renal
stones could be removed through an operatively established nephrostomy tract.1 They
performed the first nephroscopy when a rigid
cystoscope was passed through a nephrostomy tract and residual stones removed following open surgery. It was not until 1955
when Goodwin et al. created the first percutaneous tract by inserting a nephrostomy tube
into an infected hydronephrotic kidney.2 This
led to the realization that a percutaneous tract
could be used as access into the kidney. In
1976, Fernström and Johansson described a
new extraction technique when they removed
kidney stones through a percutaneous
nephrostomy under radiological control.3
Subsequently in 1977, Kurth et al. provided
a means for removing large stones through a
nephrostomy tract when they described the
use of an ultrasonic lithotripsy device during PCNL to fragment a staghorn calculus.4
In the 1980s, PCNL underwent rapid evo-
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stones ≤1 cm to 29% for stones >3 cm. The
number of ancillary procedures also increased
from 12% to 46%, respectively. Importantly,
in the only randomized, prospective trial
comparing PCNL to SWL for staghorn calculi, Meretyk et al. showed that stone free
rates for PCNL based therapy was more than
three times better when compared to SWL
monotherapy (74% vs 22%. respectively,
P=0.0005).12
Stone composition, if known prior to treatment, should be taken into consideration in
deciding between various treatment options.
Stones such as cystine, calcium oxalate
monohydrate, and brushite are known to
fragment poorly to SWL 13 and may best be
treated with either retrograde intrarenal
pyeloscopic surgery or PCNL. Computed
tomography (CT) has been reported to be
useful in determining the stone’s composition
according to its Hounsfeld unit (HU) value.14
In vitro studies show attenuation levels for
uric acid and struvite stones to be consistently below 1 000 HU, whereas calcium
oxalate and hydroxyapatite usually exceeded 1 000 HU.15, 16 Joseph et al. suggested that
PCNL be used more judiciously for stones
with attenuation levels exceeding 1 000 HU
due to poor stone clearance rates using
SWL.17 Similarly, Gupta et al. suggested an
even lower cutoff of 750 HU above which
PCNL would be a better alternative.18 Based
on these studies, better results may be
achieved using PCNL for stones having high
HU values comparing to SWL.
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lution following an overall paradigm shift of
stone treatment towards a more minimally
invasive approach. The percutaneous technique for the creation of a nephrostomy tract
was improved upon and facilitated the safe
introduction of endourologic procedures
through this route. Initially, conventional rigid
cystoscopes were used but these were subsequently replaced with purpose built offset
nephroscopes featuring a large caliber straight
working channel.
The technique of PCNL gained popularity
in Europe through the pioneering achievements of Alken et al.5 in Germany, Marberger
et al.6 in Austria, and in the United Kingdom
by Wickham and Kellet 7 around similar
times. Subsequently, the technique gained
acceptance in the United States following further development by Segura’s group 8 at the
Mayo Clinic, along with Clayman et al. at the
University of Minnesota.9 PCNL was initially
reserved only for patients who were poor
candidates for open surgery but with rapid
developments of purpose built equipment
and ancillary tools, PCNL has now become
the treatment of choice for large kidney
stones.10
Indications

Multiple factors are taken into consideration when deciding upon PCNL. These are
divided into: stone, kidney, and patient factors. Individually, they each play an important
role in determining the optimal approach
that will render the patient stone free in the
most efficacious manner.
Stone characteristics

Stone size remains important because larger stones are more efficiently treated percutaneously relative to other minimally invasive modalities. In a study comparing extracorporeal shock wave lithotripsy (SWL) and
PCNL, Lingeman et al. showed an increased
incidence of residual fragments and higher
retreatment rates following SWL as stone size
increased.11 When treated with SWL alone,
the stone free rate decreased from 77% for
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Kidney factors

Kidneys with complex or anomalous anatomy such as ureteropelvic junction obstruction, calyceal diverticulum, and benign ureteral strictures can impair renal drainage and
hinder stone passage. When suitable, PCNL
offers potentially better stone free rates and
allows simultaneous correction of the underlying problem. Other congenital malformations such as horseshoe, malrotated, or
ectopically positioned kidneys may be best
treated initially by PCNL alone, or in combination with other modalities.
Kidneys containing stones in the lower
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TABLE I.—Guidelines of the European Association of
Urology.27-29
Indications for PCNL
— Large stone burden >2 cm or 1.5 cm for lower calyceal stones
— Staghorn stones
— Stones that are difficult to disintegrate by ESWL (calcium-oxalate monohydrate, brushite, cystine)
— Stones refractory to ESWL or ureteroscopy
— Urinary tract obstructions that need simultaneous
correction (e.g. UPJ obstruction)
— Malformations with reduced probability of fragment
passage after ESWL (e.g. horseshoe or dystrophic
kidneys, calyceal diverticula)
— Obesity
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pole have always been the subject of contention as to which approach represents the
best treatment option. The factors in lower
pole anatomy described by Sampaio et al.
consisting of an infundibulopelvic angle less
than 90°, infundibular width less than 4 mm,
and infundibular length more than 3 cm are
considered unfavorable for drainage of stone
fragments in the lower pole.19 Elbahnasy et al.
also presented similar findings although the
manner of measuring the infundibulopelvic
angle and critical value for infundibular width
was measured differently.20
In 2001, a Lower Pole Study Group was
convened in the United States to determine
the optimal treatment of lower pole stones.21
They performed a multicenter, prospective,
randomized trial investigating the treatment
of lower pole stones with PCNL or SWL.
Results showed that stone free rates for lower pole PCNL treated patients was 95% compared with 37% for lower pole stones treated with SWL (P<0.001). Furthermore, when
this was stratified to stone size, the stone free
rates for PCNL was 100% for stones less than
10 mm and 91% for stones greater than 10
mm. In contrast, the stone free rate for SWL
decreased from 63% for stones less than 10
mm, to 21% for stones between 10 and 20
mm and to 14% for stones larger than 21 mm.
They concluded that stone free rates for PCNL
were not dependent on stone burden and
remains a more efficacious treatment for lower pole stones greater than 10 mm.
More recently, ureteroscopy (URS) has
become an acceptable alternative to SWL and
PCNL for lower pole stones. In 2005, a second
phase of the Lower Pole Study Group was initiated to compare URS and SWL for the treatment of 1 cm or less lower pole stone.22 The
study postulated that URS would improve
SWL outcomes without having significant
patient morbidity. Although the URS group
had better outcomes, the study was underpowered and did not show any statistically
significant differences in stone free rates
between the two groups. In fact, SWL showed
greater patient acceptance and shorter convalescence. Consequently, URS was not recommended as an alternative to SWL for
stones 1 cm or less in the lower pole.

Vol. 60, No. 3

UPJ: urinary pelvic junction; ESWL: extracorporeal shock wave
lithotripsy.

Patient characteristics

PCNL may be a better option for patients
with stones who are morbidly obese, or who
have musculoskeletal defects such as scoliosis and spina bifida when compared to
other stone treatment modalities. Morbidly
obese patients with renal stones present a
therapeutic challenge because they may
exceed the weight limits for SWL machines.23
For those who do not exceed the weight
limit, Pareek et al. found in a series of lower pole stone patients that a skin-to-stone
distance (SSD) greater than 10 cm as determined on axial CT images was predictive of
failure using SWL. 24 Additionally, even
though body mass index (BMI) has been
shown to be an independent predictor of
SWL success, this study showed SSD to be a
more reliable predictor than either BMI or
HU measurements alone.24 For obese patients
(BMI>30) with large stone burden, treatment
with PCNL may require longer instruments,
but stone-free rates of up to 83% to 88%
were achieved without any significant differences in morbidity compared with nonobese patients.25, 26
Recommendations of the EAU Guidelines
Panel
The accepted indications for PCNL according to the European Urology Association
guidelines panel are summarized in Table
I.27-29
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Patient selection and preoperative planning are important to achieve a successful
outcome in PCNL. The absolute contraindications are uncorrected coagulopathy,
untreated urinary tract infection (UTI), and
pyonephrosis.30 The generally accepted recommendations include actively treating UTI
since patients with infected urine from the
renal pelvis or infected renal stones have
been shown to have a fourfold greater risk of
developing urosepsis.23 This may involve the
use of prophylactic antibiotics as it has been
reported to reduce the risk of infectious complications even in cases of sterile urine and
noninfectious calculi.31 Mariappan et al. found
that a one week course of ciprofloxacin prior to PCNL significantly reduced upper urinary tract infection and urosepsis.32 They also
extended the indications to patients with
stones greater than 2 cm or kidneys with
associated hydronephrosis.33 If purulent urine
is found at the time of puncture, PCNL should
be postponed and a nephrostomy tube inserted to avoid the risk of urosepsis.30
Preoperative evaluation also includes a
complete blood count, coagulation profile,
blood sugar determination, blood group and
screen, and anesthetic review if warranted. To
minimize the risk of bleeding, correctable
hematological conditions should be undertaken and treated (such as withholding
antiplatelet agents in conjunction with the
patient’s primary care physician). Kukreja et
al. found that diabetes was one of several
risk factors associated with increased blood
loss during PCNL.34 Turna et al. also had similar findings and suggested that arteriosclerosis with thickened basement membranes
in diabetics may increase the risk for bleeding.34, 35 For this reason, strict control and
preparation of patients with diabetes is recommended prior to surgery.

tecture, and to evaluate the relationship of
the kidney and its surrounding organs.36 Four
modalities are in common use to image renal
stones. They are plain radiograph (KUB),
IVU, renal ultrasonography, and CT scan.

Preoperative planning
Preoperative planning is essential in order
to identify the position and number of stones,
assess the intrarenal collecting system archi-
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KUB X-ray

KUB X-ray is useful in determining if the
stone is radio-opaque, which may then guide
further therapy. Most calcium containing
stones are visible on KUB provided they are
sufficiently large, not obscured by overlying
fecal matter, and not overlying any bony
structures. Although KUB has the advantage
of being rapidly acquired, readily available
and inexpensive, it has a reported low sensitivity of 58% and low specificity of 69% for
detecting kidney stones.37 Its use in preoperative planning is limited due to its inability to delineate the kidney, the collecting system, and surrounding organs.38
Intravenous urogram

IVU in the past has been the standard imaging modality used in uroradiology but it is
slowly becoming obsolete. It still remains
valuable for the preoperative planning and
evaluation of kidney stones due to its ability
to demonstrate fine detail in the collecting
system anatomy of the kidney.39-41 A disadvantage is that it does not provide information on 3-dimensional relationships of the
stone to the kidney, or to adjacent visceral
organs. An example where this knowledge
could be useful preoperatively would be in
treating stones situated in an anterior calyceal
diverticulum, where alternative options in
treatment may be better utilized.
CT scan

CT has become the gold standard in the
diagnosis and evaluation of urolithiasis.42
Numerous studies have shown CT to be superior to IVU for evaluating patients with flank
pain.43-47 Studies have found the sensitivity
and specificity of CT to range from 98-100%
across all clinical scenarios 48 including in
the pediatric setting where CT detects 96 to
100% of stones.49
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et al. show that the upper pole is drained by
a single infundibulum in 100% of cases, the
middle calyces drained by two infundibuli
in 89% of cases, and the lower pole drained
by either a single infundibulum (36%) or two
infundibuli (64%).53 This has previously been
corroborated by Sampaio’s classic study on
endocast models of the human renal collecting system.19 Therefore, when treating
inferior pole stones, the inferior calyceal system can have two distinct systems and entry
into one calyx may not allow access to the
other lower pole calyx if required. Awareness
and having a careful considered approach
will help avoid this situation.
With patients in the prone position during
puncture, the ideal access is one where the
needle enters a posterior calyx at the fornix,
traversing the smallest amount of renal
parenchyma and minimizing injury to larger
renal vessels.54 In contrast, direct puncture
into the anterior calyx will traverse more renal
parenchyma and renders further access into
the collecting system difficult without excessive tract angulation, and result in more
bleeding.
When using fluoroscopy in prone PCNL,
access into the desired calyx is best achieved
using a “bull’s eye” technique as it allows
complete control and direction of the needle,
and subsequent tract placement. Initially the
image intensifier C-arm is in the vertical or
zero degree position.52 A slow and careful
retrograde pyelogram with dilute contrast is
performed to opacify the collecting system.
The posterior calyces are identified by recognizing these calyces fill later and the contrast is seen as less dense. Alternatively, with
the introduction of 10 cc of air using a
syringe, these calyces preferentially outline
with an air interface. Once the posterior calyx
of interest has been identified, the image
intensifier is rotated 20° to 30° towards the
surgeon in the axial plane. This allows entry
near Brodel’s line which is relatively avascular, due to the arterial network being endarteries in this region. A 5-10° tilt in the caudal direction for lower pole access, or cranial
direction for upper pole access respectively, is added to allow for entry into the collecting system in the same direction as the
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Aside from being used for the diagnosis
of renal stones, CT delineates the extent, orientation, and location of the stones within
the kidney, which can facilitate tract selection
for PCNL. It also provides detailed information on the relationship of the collecting system to adjacent organs such as the colon, liver, or spleen thereby helping the surgeon
avoid injury to these structures. In addition,
the proximity of an upper pole calyx to the
pleural space can be ascertained by CT, and
intrathoracic complications anticipated or
avoided altogether when doing PCNL if the
tract is carefully planned beforehand.38
Recently, CT urography has benefited from
enhancements in newer technologies, and
the development of sophisticated threedimensional CT reconstruction software. This
has led to the creation of detailed threedimensional CT images of the renal collecting system, thereby improving preoperative
planning.50, 51 This allows accurate identification of the target calyx for safe puncture,
along with the relationship to adjacent viscera
to avoid complications. With three-dimensional reconstruction images, the kidney can
be rotated on its axes to identify anterior and
posterior calyces to provide for accurate tract
placement. This information can be juxtaposed in the operating room by thoughtful
evaluation of the pyelogram or ultrasound
(US) images at the time of puncture.
Technique of PCNL

Many techniques have been described for
PCNL, including having the patient either
prone, supine or a modification of the two. A
detailed description of our technique for
PCNL has been described elsewhere.52
Obtaining optimal access is the key to achieving efficient stone clearance with minimal
morbidity and requiring fewer ancillary procedures.
Knowledge of the configuration of the pyelo-calyceal system, the renal blood supply as
it relates to the pyelo-calyceal system and its
variations are a prerequisite for successful
PCNL outcome. Calyceal studies using 3dimensional reconstructive CT by Al-Qahtani
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Figure 1.—The “bull’s eye” effect. A) Start of PCNL. Stone at inferior pole with ureteric catheter at renal pelvis; B) retrograde pyelogram; C) tip of hemostat overlying target calyx; D) with C arm rotated 300 towards surgeon, “bull’s eye” obtained when axis of fluoroscopy (dotted lines) is in direct alignment with needle and hub; E) fluoroscopic image of “bull’s eye” effect during needle insertion; F) needle overlying target calyx and into renal parenchyma.

infundibular axis. This potentially causes less
torque of the kidney and facilitates a near
bloodless tract. The tip of a hemostat is used
to mark the position on the skin overlying
the selected calyx and a diamond tipped needle introduced through this point. The needle is advanced under fluoroscopic guidance
using the hemostat clip as a holder, timing
insertion when the patient is in full expiration
and in the same trajectory as the C arm position of the fluoroscopy unit providing a “bull’s
eye” effect (Figure 1). This effect is seen when
the hub of the needle is in direct alignment
with the needle, the calyx of interest and the
axis of the C-arm. Needle advancement is
done in one smooth motion and is carried
on until it just enters into the renal parenchyma, which is denoted by needle movement
during respiration. The C-arm of the fluoroscopy unit is then tilted away from the vertical by 10° to provide depth perception
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(Figure 2). The surgeon will now see the needle in profile and the target calyx in front of
it. The tip of the needle is then advanced
along the same trajectory until it just penetrates the calyx. The stylet is removed and
entry into the collecting system is achieved
using an angled hydrophilic tipped guidewire.
The safest route for accessing the collecting system is directly into the fornix of a calyx
and not the infundibulum, thereby avoiding
the larger blood vessels that are adjacent to
the infundibulum.55 Punctures into the collecting system that are too medial have a
higher risk of injury to segmental and interlobar branches of the renal artery. This has
been supported by studies from Sampaio et
al. which showed that 67% of upper pole
infundibular punctures and 13% of lower
pole infundibular punctures respectively had
arterial injuries, whilst no arterial injury was
detected when the puncture was made
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Figure 2.—Needle in profile view. A) C-arm rotated 10° away
from surgeon to give needle depth perception; B) fluoroscopic
image of needle (*) in profile view with C-arm in the position
above. Needle is then advanced up to target calyx under fluoroscopic guidance.

through the calyceal papilla.56 The posterior
segmental artery is the most commonly
injured artery during PCNL and needs to be
avoided especially when performing interpolar and upper pole punctures.57
For most patients, the inferoposterior calyx
is ideal for initial access. However, where
renal anatomy and stone bulk dictates an
upper pole access, puncture should be performed in full expiration to minimize pleural injury.45, 55 Access through the upper calyx
provides a straight line along the long axis
of the kidney and gives excellent exposure
and entry into the superior calyces, the renal
pelvis, the lower calyces and proximal
ureter, often without the need for significant torque on the kidney during the procedure which can result in excessive bleeding.38, 54, 55, 58, 59
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Tract dilation

An important and integral aspect of PCNL
is tract dilation, and access sheath insertion.
There are currently three methods commonly used: one step balloon dilation, Alken metal reuseable telescoping dilators, and Amplatz
sequential fascial dilators. In competent
hands, all three methods are considered safe.
However, higher blood loss has been associated with telescoping metal dilators versus
Amplatz or balloon dilation.34 Studies have
shown the least amount of bleeding is associated with the use of balloon dilation when
compared to Amplatz fascial dilators.35, 58, 59
The reduced blood loss is thought to be due
to the constant pressure applied on the renal
parenchyma during dilation before the sheath
is advanced. The disadvantages are its
expense and its non-reuseable nature. With
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Electro Medical Systems, Nyon, Switzerland)
uses a forced air activated rigid probe containing a metal projectile that fragments the
stone.62-64 The probe sizes range from 0.8
mm to 4 mm in diameter. The fragments need
to be removed manually by the surgeon using
a combination of grasping forceps or stone
baskets. Recently a suction feature has been
built into the pneumatic device (Lithovac®;
EMS, Nyon, Switzerland) to facilitate the
removal of stone fragments with some success.
A combination of pneumatic and ultrasonic
lithotripsy into a single handpiece with continuous suction is available (LithoClast® Ultra,
EMS, Nyon, Switzerland), and has been a
very successful combination.62 Numerous
authors have compared ultrasonic lithotripsy
alone with the LithoClast® Ultra (or Master),
and found shorter operative times in the latter group. In an in vitro study, Auge et al.
found the combination device significantly
more efficient, achieving complete stone fragmentation and clearance in 7.4 min as compared to 12.9 min and 23.8 min respectively
for either ultrasonic or pneumatic lithotrites
(P<0.002). In the same study, the stone fragments were significantly smaller with the
combination device than with the ultrasonic
or pneumatic lithotrites (1.67 mm vs 3.67 mm
vs 9.07 mm, respectively, P<0.00001).65 This
is corroborated in a clinical study where
Pietrow et al. demonstrated that the combination device was able to disintegrate and
remove stones twice as rapidly as the standard ultrasonic lithotrite (21.1 min vs 43.7
min respectively, P=0.036).66
The most commonly used flexible lithotripsy device is the holmium:YAG (Ho:YAG) laser
due to its efficacy in breaking all stone
types,67 whilst having a limited local effect
in a fluid medium (0.4 mm) making it
extremely safe to use. The tip of the laser
fiber (200 or 360 microns) causes stone
destruction using a photothermal effect and
requires direct contact with the stone to cause
fragmentation.68 However, its use in PCNL
remains limited when using rigid nephroscopes due to the better efficiency of stone
fragmentation with the currently available
alternative modalities. It is inefficient for
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the Amplatz fascial dilating system, it has
been suggested that during sequential dilator
exchanges, the tamponade effect on the renal
parenchymal tract is lost and this leads to
more blood loss during the exchange process.
However, animal studies that have been
undertaken to compare the effects of balloon vs Amplatz fascial dilation showed no
difference between the two techniques. One
such study on porcine kidneys by Al-Kandari
et al. showed that after 24 hours, Amplatz
fascial dilated tracts were rounded and had
more surface hemorrhage compared to balloon dilated tracts which were V shaped and
had less bleeding. However, after six weeks
scar formation was minimal and similar in
size in both groups.60 With regards to the
Alken dilators which have the advantage of
being reusable, centers using these have likewise claimed minimal bleeding complications when using this technique.61 The findings are that all three methods of tract dilation,
when used appropriately, are associated with
minimal bleeding and result in minimal scar
formation on healing.54 One step balloon
dilators have become popular because of its
ease of use, efficacy, and safety during tract
placement.
Lithotripsy devices

Presently, the four basic lithotripsy devices
in use today include ultrasonic, pneumatic,
laser or electrohydraulic to achieve stone
fragmentation.
The ultrasonic lithotripter works by electrical energy being transferred onto a piezoelectric crystal, resulting in a strong vibrational energy directed at the tip of a hollow
metal rod, which has the effect of grinding the
stone into small sand like particles.62 Suction
is applied to the end of the probe to aid in
particle evacuation and cooling of the probe
through return flow of normal saline irrigant
solution during the procedure. For staghorn
calculi, the typical probe size used is 3.5 mm.
Due to its rigid nature, the probe must be
passed through an offset viewing nephroscope that has a straight wide caliber working channel.63
The pneumatic device (Swiss LithoClast®;
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(44%), and the belief obtaining own access
required significantly extra time (50%).70
In a study that compared complications
and stone free rates between urologist-directed vs radiologist-directed renal access,
Watterson et al. reported a three-fold increase
in access related complications and clinically significant bleeding when access was
placed by a radiologist.71 This was despite
the fact that 14% of patients in the urologistdirected access group required multiple tracts
compared with no patients in the radiologist-directed group. In addition, stone free
rates were significantly lower at 61.1% for
the radiologist-directed group compared with
85.7% in the urologist-directed group
(P<0.05). An explanation given for this discrepancy is the goal of renal access is fundamentally different; with perhaps the radiologist more intent only on gaining entry as
for kidney drainage and not necessarily focusing on placing the optimal tract to best treat
the stone.54 In situations when access is
achieved by the radiologist, the urologist
should be closely involved regarding optimal tract selection.
Occasionally, fluoroscopy guided percutaneous puncture alone is unsafe for patients
with unusual body habitus such as spina
bifida or severe scoliosis since it cannot identify adjacent bowel, liver or spleen at the time
of needle puncture. In these situations, CTguided percutaneous access or US guidance
is potentially safer as the tract is placed under
controlled conditions. Matlaga et al., reported that CT-guided access was required in 3%
of patients within their series for retrorenal
colon, severe vertebral deformity or stones in
a transplant kidney.72 After successful CTguided access by an interventional radiologist,
PCNL was completed safely by the urologist
without undue morbidity.
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stones greater than 2 cm diameter and is
therefore unsuitable for the primary treatment of staghorn calculi.64 It does have a role
in flexible nephroscopy where the flexible
nature of the fibres allow stone destruction to
be undertaken even in difficult to reach parts
of the collecting system.
Electrohydraulic lithotripsy (EHL) uses
shock wave energy to treat urinary tract
stones. The mechanism is a spark-gap discharge from the end of a flexible metal probe
similar to HM-3 SWL (Dornier MedTech,
Munich, Germany), which results in compressive forces as well as cavitatory bubbles
that rapidly expand and collapse causing
stone fragmentation.62, 63 The smaller 1.9 Fr or
3Fr probes can be used via flexible endoscopes and results in minimal loss of endoscopic deflection. However, the disadvantage is that it causes more urothelial damage
compared with Ho:YAG laser as the energy is
disseminated over a longer distance up to 1
cm.63 Because of these concerns, EHL has
gone out of favor with the advent of the
Ho:YAG laser. When deployed judiciously,
it still remains a very effective tool in the
armamentarium in stone lithotripsy.
Interventional radiologist vs urologist acquired renal access

Percutaneous access is commonly performed by either the interventional radiologist or urological surgeon. It is performed
either as a single-staged procedure in the
operating room or as a staged procedure
where access is done at the radiology department, and the patient transferred to the operating room afterwards. A survey of urologist
practice patterns in the United States revealed
that only 11% of those performing PCNL routinely obtained percutaneous access themselves.69 Reasons for this trend were cited to
be inadequate training, and the belief that
renal access is a radiological procedure best
performed by the interventional radiologist.
Lee et al. found that only 27% of urologists
continued to perform percutaneous access
despite training during their residency program.70 Reasons given included the radiologist had better equipment (61%), better skills
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Minimally invasive PCNL

Jackman et al. first described minimally
invasive PCNL (MPCNL) and applied it on
the pediatric population.73 The technique
involved dilation of the percutaneous tract
to 11 F and resulted in stone free rates of
85% at three months. MPCNL has been tried
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equipment but is easily performed and has
been reported to be a factor in reducing
potential complications during PCNL.34, 61 It
provides an extra dimension of safety by
identifying overlying bowel or other viscera
during needle insertion, making it especially useful for ectopic and/or transplant kidneys. For PCNL in the supine position, US
guidance is an integral part of the procedure.79 It also decreases the exposure of the
patient, surgeon and operating room staff to
ionizing radiation. US guidance is also useful
in localizing non-opaque stones or when retrograde passage of a ureteral catheter to the
renal pelvis is not performed or cannot be
achieved. The limitations include difficulty
in targeting a non-distended collecting system, poor image quality in obese patients
and use is highly operator dependent.
Regardless of modality used to gain access,
fluoroscopy is still required for subsequent
passage of guide wires, tract dilation, manipulation of stones and instruments within the
renal tract, and overall successful completion of PCNL.38
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on the adult population by several authors on
the basis of minimizing trauma, with the use
of smaller working sheaths, and hence reducing morbidity.73-75 The technique used in
these procedures is dilation of the percutaneous tract to 13-14 F, after which a standard
14 F ureteral access sheath is inserted, and
nephroscopy effected with the use of an offset pediatric cystoscope, or an 8 F semirigid
ureteroscope. These studies have shown
good results with low morbidity, but they
recommend that MPCNL was ideal in kidneys where the stone burden was under 2
cm2. In a Chinese study, MPCNL was complimented by multiple punctures in treatment
of large staghorn calculi with stone free rates
of 72% after the first session and 93% after a
second look procedure.75
There are several issues regarding MPCNL
which need to be addressed. At present, the
benefit of a smaller diameter tract has not
been supported by published data. The renal
functional effects of nephrostomy tract dilations have been described in two previous
studies.76, 77 They found that even when tract
dilation was carried out to 35 F-50 F, all
nephrostomy tracts healed to a fine scar at six
weeks and with minimal effect on function.
In an in vivo pig study, Clayman et al. found
that the average overall amount of renal damage was only 0.15% of total measured renal
cortical volume.77 In essence, there was no
clinically significant difference in terms of
renal damage caused by MPCNL or traditional 30 F tract in PCNL.77, 78 There have
been no randomized studies published in
the literature so far, which conclusively show
a reduction in blood loss using smaller diameter tracts compared to using a 30 F tract.
Overall, MPCNL appears to have the best utility in the pediatric population and stone burden limited to 2 cm.29
Fluoroscopy vs ultrasound guided percutaneous access

Fluoroscopy is the more commonly used
imaging modality to gain needle access, however US guidance is gaining acceptance and
has been popular in many centers, especially in Europe.27 US guidance requires extra
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Multiple punctures vs single tracts

The main drawback to multiple punctures
is the belief that it can result in increased
blood loss.34, 35 Ganpule et al. compared studies with multiple tracts versus a single tract
PCNL and concluded that when necessary,
multiple tracts are safe and may be necessary especially for large stone burden.80
Hegarty and Desai in their prospective study,
noted that multiple tracts are highly effective
in the treatment of staghorn and other largevolume renal calculi with blood loss and
complication rates comparable to PCNL having only a single percutaneous tract.81 These
findings are further supported by Aron et al.
who presented their results of 121 treated
renal units.82 In their series, when multiple
tracts were anticipated, all punctures were
made at the beginning with guide wires
placed into the collecting system beforehand.
They had a 15% blood transfusion rate (18 out
of 121 patients), with an overall stone free
rate of 84% after primary treatment. They
concluded that aggressive PCNL monothera-
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tence of urine leak from the NT site.88, 89
Maheshwari et al. in their study, used 9 F
pigtail NT and compared them with 28 F NT
and found significantly decreased analgesic
requirements and duration of urine leak after
tube removal in the former group. No significant increase in complications were associated with its use.88
In a prospective, randomized study comparing three groups: 20 Fr NT, 9 Fr pigtail
catheter (Cook Urological Inc., Spencer, IN,
USA) and tubeless drainage; Desai and colleagues demonstrated that the 9 Fr pigtail
catheter group had a significantly smaller
requirement for analgesia compared to the
group with 20 Fr large bore nephrostomy
tubes (140 mg and 218 mg diclofenac sodium
respectively, P<0.05), and had shorter duration of urine leak (13.2 hours and 21.4 hours
respectively, P<0.05).90 Tubeless drainage
had the lowest analgesic requirement, shortest hospital stay, and the lowest duration of
urine leakage from the percutaneous tract.
In addition, no increase in complications was
observed with the use of either pigtail
catheters, or tubeless drainage. The authors
suggested that the best application of small
caliber catheters were in patients who could,
but unlikely required further access, and who
had an uncomplicated PCNL (i.e. no mucosal damage, single access, minimal bleeding,
and no residual fragments). Conventional
large bore nephrostomy drainage is reserved
for procedures with significant bleeding,
infected stones, or major collecting system
perforations where reliable drainage is paramount, or planned second look nephroscopy
during the same admission is likely to be
undertaken.
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py using multiple tracts is safe and effective,
and should be the first option for very large
renal staghorn calculi.
Some investigators however, have advocated single punctures in the treatment of
staghorn calculi and have achieved comparably high stone free rates. In 2002, Wong
and Leveillee reported a stone free rate of
95% using a single tract and flexible
nephroscopy during PCNL for cases of
staghorn calculi, which avoided having to
do multiple punctures.83 After initial stone
debulking, flexible nephroscopy with
Ho:YAG laser lithotripsy or atraumatic baskets
were used to fragment or reach stones not
accessible with rigid instruments. Their mean
operative time was 2.9 hours and the mean
blood loss was only 238 mL. Thus, the choice
between multiple tracts vs single tract access
is individualized for each patient at the time
of surgery. Both options are safe, but multiple punctures are associated with a slightly
higher risk of bleeding.
Recently, publications have demonstrated
the use of flexible pyeloscopy to visually
guide needle puncture into the desired
calyx.84-86 Flexible pyeloscopy allows visualization of needle entry into the calyx, and
facilitates directing the guidewire down the
ureter to secure access. Its main use would be
in patients who are known to be difficult in
gaining access, or have previously failed
PCNL due to access related problems.
Mini-nephrostomy tube PCNL

There has been considerable discussion
regarding size of drainage catheters on completion of PCNL. Large bore nephrostomy
tubes (NT) 16-20 F have been used traditionally and thought to be associated with
significant patient discomfort requiring more
analgesics, prolonged hospitalization and
longer persistent urine leak from the nephrostomy site after tube removal.87, 88 Alternative
strategies to avoid these morbidities include
the use of smaller caliber NT or nephrostomy
tube-free PCNL.
Studies have been designed to investigate
whether the size of the NT correlates with
the degree of patient discomfort and persis-
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Nephrostomy tube-free PCNL

The placement of a nephrostomy tube after
completion of PCNL has been well recognized as a standard procedure to provide
hemostasis, adequate urinary drainage and
access for additional endoscopic procedures.
However, some investigators have questioned
the need for it when patients have had an
uncomplicated PCNL and the kidney is
known to be stone free. Wickham et al.91 in
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TABLE II.—Inclusion criteria as reported by various
Nephrostomy tube-free PCNL studies.
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Inclusion criteria for tube-free PCNL
— Patients with stones less than 3 cm in diameter 94
— Kidneys with normal renal function 90
— Kidneys with no previous operations 90, 95
— No renal or obstructive anomalies 96
— Operative time shorter than 2 hours 87, 97
— Subcostal approach 90
— No residual fragments 90, 96, 97
— One to two percutaneous access 90, 94
— No intraoperative complications 90, 94, 95

The main disadvantage with the use of fibrin glue in the urinary tract is the unwanted
formation of a cohesive mucoid gel on contact with urine, which may persist up to 5
days.99 This raised concerns for a possible
lithogenic effect of this agent, especially in
light of a previous report by Eden et al.
wherein they described a patient who developed a stone in the renal pelvis after fibrin
glue was used for a retroperitoneal dismembered pyeloplasty.100 Gelatin matrix was also
evaluated in the study by Uribe et al. and it
remained as a fine colloidal suspension for a
similar period of time when also in contact
with urine.99 Because of the potential for collecting system obstruction and possible lithogenic effect, every effort must be made to
prevent these materials from entering into
the collecting system if used.
Nephrostomy tube-free PCNL represents
an ongoing evolution in the overall improvement in the technique of PCNL. It can result
in shorter hospital stays, decreased patient
discomfort, earlier return to normal activities, and possibly decrease costs. The main
concerns of this approach at present time
include the necessity for an extra procedure
for the removal of the internal ureteral stent,
an increase in treatment costs associated with
the use of biologic hemostatic agents, and
the potential for upper urinary tract obstruction or stone formation associated with the
use of these agents.

1984 was the first to report their experience
omitting the nephrostomy tube after PCNL,
but the concept did not gain acceptance especially after conflicting reports resulting in prolonged hospitalization and pain.92 In 1997,
Bellman et al. published his results of patients
undergoing tubeless PCNL and again challenged the need for requirement of a NT for
drainage.87 In their series, all patients had an
indwelling ureteral stent inserted in addition
to an indwelling catheter instead of an NT.
Exclusion criteria for this study included an
operative time of more than 2 hours, PCNL
requiring two or more tracts (the main exclusion criterion), significant perforation of the
collecting system, significant residual stone
burden, or significant postoperative bleeding. They found no major complications using
this approach.87 Tube-free PCNL has several
purported advantages including a reduced
hospital stay, decreased patient discomfort,
earlier return to normal activities, and
decreased hospital costs.87, 93 No consensus
guidelines have been formulated in selecting patients suitable for tubeless PCNL, but
the recommendations from various studies
are summarized in Table II.
Recently, several investigators have tried
to extend the inclusion criteria by including
patients with larger stones (>3 cm), or those
having moderate intraoperative bleeding.
Hemostasis was initially achieved through
cauterization of the bleeding points in the
renal parenchyma, or the application of fibrin glue to seal the nephrostomy tract.93, 98 If
fibrin glue is used, it is instilled simultaneously at the time of removing the sheath from
the collecting system.
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Supine versus prone position

PCNL has traditionally been performed
with the patient in prone position. However
in the literature, PCNL in the supine position
is well known but has yet to gain widespread
acceptance. This approach was first described
by Valdivia et al. in 1987 and later reported
their extensive experience with this technique over 11 years.79 The purported advantages of the supine position include: safer
general anesthesia, ease in positioning
patients, ability to perform the procedure
using local anesthesia, whilst maintaining
easy access to the urethra and ureteral orifice
should a retrograde procedure be required.
In over 500 cases, they reported no colon
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achieved this routinely on selected patients
using local anesthesia in the outpatient
department. Stone fragments could also be
extracted at the same time using baskets
placed down the instrument channel.
Later, Pearle et al. compared non contrast
helical CT scan and KUB xray to flexible
nephroscopy in looking for residual stones
after PCNL.104 They found the sensitivity and
specificity in detecting residual calculi was
46% and 82% for KUB, and 100% and 62% for
CT respectively. In their series, performing
flexible nephroscopy only on those with positive CT findings avoided unnecessary procedures in 20% of their patients. They performed a cost analysis and found significant
cost savings to the hospital if this approach
was adopted.104
Today, the most reliable test in detecting
residual stone fragments after PCNL is non
contrast helical CT scan with 1 to 2 mm axial slices because of its unsurpassed sensitivity in detecting renal calculi.86 Although the
size cut off for clinically insignificant residual
stones has never been firmly established,
many consider this value to be 4 mm or
less.105 This could require further reevaluation
since residual fragments previously considered insignificant, may often result in patient
morbidity in the future with stone growth
and obstruction.105
There have been no universal recommendations on the best postoperative surveillance regime. The guidelines adopted by our
group are a consensus of the current evidence in the literature. They include meticulous and thorough flexible nephroscopy at
the end of the PCNL in all patients; a large
bore nephrostomy tube (18 F) is left in selected patients and a non contrast CT scan performed selectively after 24 hours to further
assess for residual fragments. If the postoperative CT scan shows no fragments or only
a few small fragments (i.e. <3 mm), the
nephrostomy tube is removed. Because of
the potential for edema of the ureter or
ureteropelvic junction as a result of PCNL,
an antegrade nephrostogram is performed
after the procedure to assure adequate
drainage. When antegrade drainage is confirmed, the nephrostomy tube is then
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perforations or hydro-pneumothoraces. Major
hemorrhage requiring blood transfusion
occurred in only three patients. US guided
percutaneous access is helpful, and the anterior calyces are the preferred sites of puncture
by these authors as they are more accessible. Direct comparison of the two techniques
was evaluated by Shoma et al. in 2002 where
they treated 53 patients supine and 77 prone
and found 89% and 84% stone free rate
respectively.101 The overall complication rates
were similar in both groups and none of the
patients experienced injury of adjacent
organs. Ng et al. also adopted the supine
position during PCNL and reported their findings on 62 patients.102 They achieved a primary stone-free rate of 76%. One patient with
multiple tracts required an emergent nephrectomy for hemorrhage one week after the procedure due to an accidental traction on one
of the nephrostomy tubes. Again, there were
no colon injuries in this series. The supine
position appears to be a safe alternative
approach to gaining access into the collecting system. It appears to be associated with
low complication rates and comparable stone
free rates when performed in expert centers.
Postoperative evaluation: assessment
of stone free status

The primary objectives of imaging after
completion of PCNL are to identify residual
stones and ensure patency in drainage of the
upper urinary tract. Traditionally, KUB X-ray
and plain nephrotomograms have been used
to look for the presence of residual fragments. Many studies have questioned this
approach because of the low sensitivities in
detecting residual fragments. A study by
Denstedt et al. in 1991 compared plain
abdominal radiographs and tomograms, to
flexible nephroscopy in detecting residual
calculi. Using second look flexible nephroscopy as the gold standard, they found that KUB
and nephrotomograms had a false negative
rate of 35% and 17%, respectively.103 They
recommended second look nephroscopy as
the gold standard for detecting residual calculi during the same hospital admission. They
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opzioni di trattamento mini-invasivo disponibili per
tale patologia, ma rimane tuttora la più efficace in
tutti i gruppi di pazienti. Comunque, essa continua ad
essere una delle procedure in ambito urologico più
complesse, che se non effettuata in modo adeguato,
può essere associata a gravi complicanze. Il perfezionamento delle tecniche, il miglioramento delle
attrezzature e l’incremento dell’esperienza clinica
hanno consentito di migliorare i tassi di assenza di
recidiva di calcolosi delle vie urinarie con una morbilità accettabile per il paziente. In questo articolo, gli
autori presentano una revisione degli aspetti tecnici,
i risultati e l’attuale ruolo della PCNL nel trattamento
di calcoli renali volumonosi.
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removed. If the postoperative CT scan shows
any fragments larger than 3 mm, then the
next step is flexible nephroscopy under local
anesthesia and treatment of the stones during
the same admission if feasible.
Conclusions

PCNL remains a technique undergoing constant refinement which has resulted in
improved patient outcomes. It remains a challenging operation requiring a good understanding of the fundamental principles. It has
proven to be safe, effective and remains first
line treatment in the management of large
kidney stones. The most important part of
the procedure is tract placement and this
remains the key to having a successful outcome, denoted by having high stone-free
rates and acceptably low patient morbidity.
The improvements in rigid and flexible endoscopic equipment, along with the use of ultrasonic, pneumatic and Ho-YAG laser lithotripsy devices to fragment stones have been
instrumental in achieving these good outcomes. The ultimate benefit of PCNL has
been shorter hospital stays, greater patient
comfort, and earlier return to normal activities by patients compared to earlier techniques of open stone surgery. Further
improvements will continue to evolve and
this will ultimately result in better patient care
in the future.
Riassunto

Stato dell’arte della nefrolitotomia percutanea nel
trattamento della nefrolitiasi

I calcoli renali voluminosi (>2 cm) costituiscono
una patologia frequente che affligge tutti i gruppi di
popolazione nel mondo e può esitare in gravi complicanze se non trattata. Il trattamento di questa
patologia si è enormemente evoluto negli ultimi settanta anni con l’avvento della chirurgia mini-invasiva.
Tra queste, riveste un ruolo fondamentale la nefrolitotomia percutanea (PCNL). Essa ha comportato una
riduzione della degenza ospedaliera, del dolore postoperatorio, e una più rapida convalescenza, rispetto
ai precedenti criteri della chirurgia tradizionale a cielo
aperto. La PCNL è soltanto una delle molteplici
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Parole chiave: Nefrolitotomia, percutanea - Calcolosi
renale - Chirurgia mini-invasiva.
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