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Abstract Percutaneous nephrolithotomy success and safety largely depend on two
steps: renal puncture and percutaneous tract dilation. The tract dilation can be
performed using several techniques like Alken or Amplatz dilators, balloon single-
use dilator, or the most recently developed one-shot technique. All the methods were
initially dependent on the use of fluoroscopy for guidance, but recent expertise on
the use of ultrasound permitted tract dilation under complete ultrasound guidance,
eliminating the harmful effects of radiation exposure.
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1 Introduction

Since its introduction in 1976 by Fernstrom and Johansson, percutaneous
nephrolithotripsy (PCNL) has revolutionized themanagement of urolithiasis. It is the
minimally invasive nature of this procedure that leads to high stone-free rates (SFRs),
while at the same time permitting surgeons to offer excellent clinical outcomes
avoiding the complications related to copious open surgery for removal of complex
and/or large stone volumes (Skolarikos et al. 2022). It is nowadays considered the
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gold-standard option for stones >2 cm inmaximum diameter (Skolarikos et al. 2022).
To master the fundamental principles of this procedure, endourologists have to reach
and surpass the learning curve which is steep. Along with puncture of the renal
parenchyma, percutaneous tract dilation is one of the most critical steps of PCNL.
It is the success of these two steps that greatly affect the duration of operation, total
fluoroscopic time, rate of bleeding complications, perforation of the renal collecting
system, urine leakage, and injury to adjacent organs (Geraghty et al. 2022).

2 Tract Dilation Under Fluoroscopic Guidance

Fluoroscopy has been utilized for many years during endourological procedures and
PCNL to guide stone localization, needle entry into collecting systems, insertion of
guidewires and access sheaths, as well as creation and dilation of the percutaneous
tract. The size of the tract to be created during standard PCNL is supposed to accom-
modate the insertion of a sheath with an inner diameter of 30Fr and outer diameter
of 34Fr, while during mini-PCNL usually sheaths less than 20–24Fr are inserted.

There are several methods for dilation of the tract: use of metallic, sequential, co-
axial Alken dilators (Alken et al. 1981), use of polyurethane, serial, Amplatz dilators
(Castaneda-Zuniga et al. 1982), use of the single step balloon dilators (Clayman et al.
1983) and creation of the tract by one-stage dilation using a single 25–30Fr Amplatz
dilator (Frattini et al. 2001) (Fig. 1). Each of these techniques has its advantages and
disadvantages which will be analyzed further but is imperative to understand that the
dilator should not be advanced further than the calyx because otherwise the collecting
system or ureteropelvic junction and even surrounding organs and vessels may be
perforated (Fig. 2). The desired point of entry of the distal end of the dilator is just
into the calyx and proper positioning should be confirmed with the nephroscope and
adjustments should be made over the guidewire if needed (Figs. 3 and 4). Another
important technical detail is that skin incision should extend to an adequate depth
into underlying fascial layers so that dilators can be easily advanced without kinking
and bending.

Alken metallic dilators are serial rigid dilators advanced over the guidewire in
a coaxial manner without the need to remove the previous dilator before the next
one is advanced (Alken et al. 1981) (Fig. 5). After the guidewire is properly inserted
into the pelvicalyceal system or ideally down to the ureter/bladder, an 8Fr guide
rod is advanced initially, and its distal end is recognized with a ball at its tip so
that it is easy to confirm position under fluoroscopic guidance (Alken et al. 1981).
Subsequently, dilation continues up to 30Fr. They are reusable and considered to
lead to less blood loss due to the tamponade effect of the dilators on small vessels of
the renal parenchyma. A major advantage is that metallic dilators can override dense
and fibrotic tissue, encountered after previous renal surgeries, making them ideal for
these cases. The main disadvantage is the increased fluoroscopy and procedural time
needed until dilators of all sizes are inserted sequentially, while at the same time
due to repeated manipulations over the guidewire, there is an increased chance of
displacement or kinking due to the force applied.
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Fig. 1 Tract Dilation—Balloon Dilation, Amplatz dilators, Metallic Dilators

Fig. 2 Correct advancement of the dilator
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Fig. 3 Balloon dilation of the PCNL tract—Landmarks

Fig. 4 Proper advancement of the sheath after tract dilation
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Fig. 5 Peter Alken’s
metallic dilators

In a similar manner, Amplatz semi-rigid dilators are sequential dilators that are
progressively advanced over an initial 8Fr guiding catheter, but in contrast withAlken
dilators, they are not inserted coaxially since the smaller diameter dilator should be
removed before the next one is advanced at increments of 2Fr (Castaneda-Zuniga
et al. 1982). Since they are composed of softer material, they are considered to be less
traumatic for tissue than metallic dilators. Drawbacks of this technique are increased
use of fluoroscopy and time needed to create access and increased chance of tract loss
or guidewire kinking during the sequential exchange of dilators. Amplatz dilators are
used once, therefore increasing procedural costs, while the tamponade effect is lost
due to the removal of smaller-size dilators before the next one is advanced leading
to hemorrhage.

Single-step balloon dilator overpasses the need for repetitive dilation of Alken
and Amplatz dilators leading to decreased use of fluoroscopy and quicker creation of
the percutaneous tract (Clayman et al. 1983). Before the balloon dilator is advanced
over the guidewire, the working sheath is loaded on the balloon catheter and then
the dilator is advanced over the working guidewire into the pelvicalyceal system
(Clayman et al. 1983). The balloon is inflated with contrast up to 30 atm and this
pressure is maintained for 30–60 s. The atm applied is guided from the “waist” that
appears during balloon dilation, which signifies the area of maximum resistance.



192 L. Tzelves et al.

The indication of adequate dilation is when the “waist” disappears (Clayman et al.
1983). At the point of maximum balloon dilation, the working sheath is advanced
under continuous fluoroscopic guidance just distally to the end of the maximum
balloon dilation and not further beyond this point (Clayman et al. 1983). Although
this is considered one of the safest techniques, the literature contains some contro-
versial data regarding bleeding complications. Most studies suggest that the use of
balloon leads to reduced bleeding, but results from the Clinical Research Office of
the Endourological Society Percutaneous Nephrolithotomy Global Study over 5537
patients, indicate that compared to telescopic/serial dilation, single-step balloon dila-
tion led to increased rates of bleeding (9.4% versus 6.7%, p < 0.001), more trans-
fusions (7.0% versus 4.9%, p = 0.001) and greater drop in mean hematocrit levels
(4.5% versus 2.5%) (Lopes et al. 2011). These findings were mainly attributed to
the heterogeneity of technique among the centers recruiting patients (Lopes et al.
2011). Although the main disadvantage is the increased costs since it is single use, it
can decrease the use of fluoroscopy and procedural time devoted to tract dilation but
literature has shown increased failure rates, especially if there is a history of renal
surgery, reaching up to 25% (Joel et al. 2005).

The one-stage dilation method was introduced by Frattini et al. in 2001 who
proposed that after successful puncture and guidewire insertion, a single 25–30Fr
dilator to be loaded on the Alken guide rod or an 8Fr polyurethane dilator and
subsequently a 34Fr sheath to be advanced (Frattini et al. 2001). Fahmy et al. assessed
the use of single-step tract dilation in 70 children with stone burden 2–4 cm using
a 20Fr Amplatz working sheath after tract dilation (Fahmy et al. 2011). In this
randomized controlled trial (RCT), in the first group, Alken dilators were used,
while in the second group a single step 20Fr Amplatz dilator was advanced (Fahmy
et al. 2011). Authors reported that dilation was successful in all cases and there
were no significant differences between the groups regarding operative time, total
fluoroscopy time, length of stay (LOS), and SFRs (Fahmy et al. 2011). The overall
complication ratewas higher in the group ofAlken dilators (28.5%versus 14.2%, p=
0.018), the need for intraoperative transfusion was lower in the single-step dilation
(2.8% versus 11.4%, p = 0.045), fluoroscopy time during dilation favored single
step dilation (8.8 versus 23.3 s, p = 0.042), while hemoglobin drop was greater in
cases where Alken dilators were used (1.5 versus 0.6 gr/dl, p= 0.026) (Fahmy et al.
2011). Ghoneima et al. performed an RCT to assess the feasibility and safety of one-
shot dilation compared to sequential dilation in a tubeless PCNL (Ghoneima et al.
2022). In the group where only one 30Fr Amplatz dilator was used, authors reported
decreased dilation time (34.4 versus 166.2 s, p < 0.001), decreased fluoroscopy time
during dilation (15.6 versus 98.5 s, p < 0.001), decreased total operative time (73.2
versus 97.9 min, p < 0.001), decreased need for transfusion (4.2% versus 17.2%, p=
0.015), decreased urine leakage (1.4% versus 15.5%, p = 0.003), but similar SFRs
and rest complication rates were observed (Ghoneima et al. 2022). Although most
studies indicate the advantageous effects of single-step dilation, Aminsharifi et al. in
their study suggested that this technique may lead to more parenchymal damage than
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gradual dilation (Aminsharifi et al. 2011). Authors quantified the decrease in renal
function and renal scar formation using 99m-Tc DMSA scan one month after PCNL
in two distinct groups: one where single-step dilation was performed and the second
where Alken dilators were inserted (Aminsharifi et al. 2011). Although their findings
complied with literature regarding shorter access time and radiation exposure in the
single-stage dilation group, they detected a significant drop in 99m-Tc uptake in this
group one month postoperatively (−2.4 ± 0.3%, p = 0.001), while in the group of
Alken dilators, no significant drop was noted (Aminsharifi et al. 2011).

The main advantages and disadvantages of each technique are shown in Table 1.
Several meta-analyses tried to address the differences between these techniques

and provide a clear insight into the pros and cons of each one of them. Peng et al. in
their study included 7 RCTs with 697 patients in total, comparing one-shot versus
serial dilation (Peng et al. 2019). In their pooled analysis they found that although
SFRs, success in dilation, LOS, and complication rates were similar between groups,
the one-shot technique offered 110 s decreased access time, 0.23 gr/dl decreased
blood loss but similar transfusion rates, and shorter fluoroscopy time in all included
studies, although a pooled analysis was not performed for this outcome due to
extreme heterogeneity in definition (Peng et al. 2019). In a more recent analysis,
Peng et al. (2020) compared balloon with Amplatz dilation using data from 6 RCTs
and 1317 patients in total. They reported similar overall complication rates, trans-
fusion rates, SFRs, LOS, operative time, fluoroscopy time, and success rates among
the two groups, but less hemoglobin drop by 0.21 gr/dl and shorter access time by
2.6 min when balloon dilation was used (Peng et al. 2020). Finally, Wu et al. in their

Table 1 Advantages/disadvantages of percutaneous tract dilation techniques

Alken metallic dilators Amplatz semi-rigid
plastic dilators

Single-step balloon
dilator

One-stage dilation
method

Less blood loss due to
tamponade effect

Softer material causing
less tissue trauma

Tamponade effect of
the dilated balloon

Reduced cost

Reusable Single use Single use No need to use a
whole set of dilators

Rigid material able to
be advanced through
fibrotic tissue

Increased time needed
to create tract

Less time consuming Less time consuming

Increased time needed
to create tract

Increased use of
fluoroscopy

Decreased use of
fluoroscopy

Decreased use of
fluoroscopy

Increased use of
fluoroscopy

Increased chance of
tract loss or guidewire
kinking due to force
applied repetitively

8–25% failure rate,
especially in cases
with dense fibrotic
tissue from previous
surgery

Less successful in
patients with previous
renal surgery

Increased chance of
tract loss or guidewire
kinking due to force
applied repetitively
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analysis compared all 4 methods between them by pooling data from 11 studies and
1415 patients (Wu et al. 2020). They found that the fluoroscopy time was decreased
by 30.7 s in one-shot dilation compared to Alken dilators and by 26.4 s in balloon
versus Alken dilators, but was similar between the balloon and one-shot dilation
(Wu et al. 2020). Access time was shorted by 2.15 min for one-shot versus Alken
dilators, while hemoglobin drop was less in one-shot dilation compared to Alken
dilators (−0.19 gr/dl), less in balloon versus Amplatz dilation (−0.65 gr/dl), but
similar between balloon versus one-shot dilation and Amplatz versus Alken dilators
(Wu et al. 2020). Finally, overall SFRs, LOS, transfusion rates, and success rates
were similar between the groups (Wu et al. 2020).

3 Creation of Percutaneous Tract in a Modified or Supine
Position

Creation of a percutaneous tract in a supine or modified position can prove chal-
lenging due to existing anatomic structures through the course of dilators compared
to the prone position; however, it is important for endourologists to be familiar with
this technique, since supine PCNL reduces cardiopulmonary complications in high-
risk patients and also permits simultaneous retrograde access for performing endo-
scopic combined intrarenal surgery (Mourmouris et al. 2018). In their study, Chung
et al. proposed a modified tract dilation technique in patients undergoing PNCL in a
prone or modified position, which compared to the standard technique led to reduced
fluoroscopy time (68.9 versus 212.1 s, p < 0.05), decreased LOS (5.9 versus 6.7 days,
p < 0.05) and increased success rate (77.2% versus 63.6%, p < 0.05), although total
operative time, complication and transfusion rates were similar (Chung et al. 2021).
The authors proposed steps in order to decrease the mobility of the kidney during
advancing the dilators in a supine position by applying traction to the guidewires at
two points: one at its exit from the dilator towards the kidney and the other from
the urethra since the guidewire was advanced into the bladder and grabbed with a
cystoscopic forceps (Chung et al. 2021). Although there is the theoretical risk of
damaging the pelvicalyceal system from the excessive force over the guidewire, in
this study no such event was noted, implying that the use of a hydrophilic guidewire
instead of a more rigid shows a protective effect (Chung et al. 2021).

4 Tract Dilation Under Ultrasonographic Guidance

Exposure to ionizing radiation leads to tissue damage either when a certain threshold
is acutely surpassed (deterministic effect) which is not that common or even with
repeated low doses which gradually accumulate and can lead to mutations and
carcinogenesis (stochastic effect). Both patients and operating room staff are exposed
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to harmful doses of radiation during endourological procedures (Vassileva et al. 2020,
2021) but also during their diagnosis and follow-up leading to an accountable burden
(Tzelves et al. 2022a). One of the most effective ways to reduce radiation exposure
is the use of ultrasound, which not only eliminates radiation but also facilitates the
detection of radiolucent stones and better visualization of renal calyx anatomy (ante-
rior versus posterior) and recognition of surrounding structures and vessels (when
using Doppler function). Nowadays, there are centers performing PCNL entirely
under ultrasonographic guidance which has stood the test of time and proven its
effectiveness and safety (Tzelves et al. 2022b).

To perform a completely fluoroscopy-free PCNL, tract dilation should be
performed under ultrasonographic guidance as well. The main obstacle in this is that
Amplatz andAlkendilators have lowechogenicity in contrast to the high echogenicity
of the guidewire. Therefore, a method to observe the course of dilators is to detect
the point where the guidewire signal is lost and thereby estimate the position of the
dilator tip. However, this method can be obscured by adipose tissue and is not appli-
cable to patients with increased body mass index. In obese patients, the estimated
depth can be measured by the needle length that was inserted to enter the calyx,
therefore providing a metric.

Anothermethod to perform the tract dilation under ultrasonographic guidance, the
two-step technique, was proposed by Li et al., who advanced 8–16Fr fascial dilators
over the guidewire to a pre-determined depth according to needle length used for
puncture (Li et al. 2014). Subsequently, a 16Fr peel-away sheath was placed and a
ureteroscope was inserted through the sheath to confirm proper positioning (Li et al.
2014). In case of short dilation, the 16Fr sheath was advanced over the ureteroscope
(Li et al. 2014). Following this, a 15Fr metallic dilator was placed and the tract was
dilated up to 24Fr (Li et al. 2014).

Finally, balloon dilation can also be applied to dilate the tract under ultrasono-
graphic guidance. Jin et al. compared this technique against serial metallic dilators
(Jin et al. 2020). The balloon was inflated up to 30 atm for 60 s, while the course and
final position of the balloon was monitored and confirmed only by ultrasound (Jin
et al. 2020) In the comparator group, the two-step technique was used as described
above (Jin et al. 2020). Authors reported that SFRs need for ancillary procedures,
transfusion, and infection rates were similar between the two groups, while the time
needed for tract dilation was less for the balloon group (3.4 versus 4.3 min, p <
0.001) and similarly a reduced total operative time was observed (62.2 versus 70.2
min, p = 0.024) (Jin et al. 2020). The only RCT existing is the study by Pakmanesh
et al. who compared Amplatz dilators to balloon dilation in ultrasound-guided PCNL
(Pakmanesh et al. 2019). In the Amplatz group, a single 28–30Fr dilation was used
with the desired depth estimated according to the length of the inserted needle to
perform a successful puncture, while in the balloon group, a 28–30Fr balloon dilator
was used and monitored by ultrasound (Pakmanesh et al. 2019). Authors reported
that short dilation was more frequent in the Amplatz group (57.6% versus 36.4%),
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although not reaching statistical significance, while the time needed for tract dila-
tion, SFRs, and complications were similar (Pakmanesh et al. 2019). Importantly,
the cost of the balloon was higher than Amplatz dilators (603 versus 718 US dollars,
p = 0.0001) (Pakmanesh et al. 2019). They also observed that lower pole access
led to significantly more short dilations compared to middle or lower pole access
(61% versus 18% versus 40% respectively, p = 0.01) (Pakmanesh et al. 2019). Not
only the location of the punctured calyx seems to affect tract dilation success when
using the balloon under ultrasound guidance. Li et al. suggested that the degree of
hydronephrosis is important since in patients with moderate or severe pelvicalyceal
system dilation, balloon insertion was nearly 100% successful, in contrast with non-
dilated systems (Li et al. 2014). Other factors leading to the reduced success of
balloon dilation are obesity, previous open surgery, and staghorn stones (Usawach-
intachit et al. 2016), therefore It is advisable that novice surgeonsmayusefluoroscopy
under these circumstances.

5 Conclusion

Percutaneous tract dilation in PCNL is of similar importance as renal puncture,
as operation success and bleeding complications are mostly affected by these two
steps of the procedure. For many years, tract dilation was performed solely under
fluoroscopic guidance with the main methods being Alken metallic or Amplatz
polyurethane sequential dilators, single-step balloon dilation, or one-shot dilation.
Each technique offers specific pros and cons, although in cases with previous renal
surgeries and the existence of fibrotic tissue along the tract, the use ofmetallic dilators
is advisable. Gaining expertise in the use of ultrasound led to PCNLbeing completely
performed under ultrasound guidance in several centers and tract dilation can also
be performed using either Amplatz/Alken or balloon dilators without the need for
fluoroscopic guidance. The familiarity of the surgeon with each of these methods
should be taken into serious consideration before choosing the technique (Fig. 6).
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Fig. 6 Track dilation is surgeon dependent
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