
Dusting vs Extraction Strategies during Ureteroscopy for Renal Calculi *
Learning Objective: At the conclusion of this continuing medical education activity, the 
participant will be able to select different strategies for ureteroscopic renal stone surgery, 
determine how laser parameter selection can improve lithotripsy efficiency and identify the 
important safety considerations to optimize patient outcomes.

AUA Update Series
Lesson 5 Volume 39

2020

This self-study continuing medical education activity is 
designed to provide urologists, Board candidates and/or 
residents affordable and convenient access to the most 
recent developments and techniques in urology.

Accreditation: The American Urological Association (AUA) 
is accredited by the Accreditation Council for Continuing 
Medical Education (ACCME) to provide continuing medical 
education for physicians.

Credit Designation: The American Urological Association 
designates this enduring material for a maximum of 1.0 
AMA PRA Category 1 CreditsTM. Physicians should claim 
only the credit commensurate with the extent of their 
participation in the activity.

Other Learners: The AUA is not accredited to offer credit to 
participants who are not MDs or DOs. However, the AUA will 
issue documentation of participation that states that the 
activity was certified for AMA PRA Category 1 Credit™.

Evidence-Based Content: It is the policy of the AUA to 
ensure that the content contained in this CME enduring 
material activity is valid, fair, balanced, scientifically 
rigorous, and free of commercial bias.

AUA Disclosure Policy: All persons in a position to control 
the content of an educational activity (i.e., activity 
planners, presenters, authors) provided by the AUA are 
required to disclose to the provider any relevant financial 
relationships with any commercial interest. The AUA must 
determine if the individual’s relationships may influence the 
educational content and resolve any conflicts of interest 
prior to the commencement of the educational activity. 
The intent of this disclosure is not to prevent individuals 
with relevant financial relationships from participating, but 
rather to provide learners information with which they can 
make their own judgments.

Resolution of Identified Conflict of Interest: All disclosures 
will be reviewed by the program/course directors or editors 
for identification of conflicts of interest. Peer reviewers, 
working with the program directors and/or editors, will 
document the mechanism(s) for management and 
resolution of the conflict of interest and final approval of 
the activity will be documented prior to implementation. 
Any of the mechanisms below can/will be used to resolve 
conflict of interest:

 y Peer review for valid, evidence-based content of all 
materials associated with an educational activity 
by the course/program director, editor and/or 
Education Conflict of Interest Review Committee or 
its subgroup.

 y Limit content to evidence with no recommendations
 y Introduction of a debate format with an unbiased 
moderator (point-counterpoint)

 y Inclusion of moderated panel discussion
 y Publication of a parallel or rebuttal article for an 
article that is felt to be biased

 y Limit equipment representatives to providing 
logistics and operation support only in procedural 
demonstrations

 y Divestiture of the relationship by faculty

Off-label or Unapproved Use of Drugs or Devices: The 
audience is advised that this continuing medical education 
activity may contain reference(s) to off-label or unapproved 
uses of drugs or devices. Please consult the prescribing 
information for full disclosure of approved uses. 

Disclaimer: The opinions and recommendations expressed 
by faculty, authors and other experts whose input is 
included in this program are their own and do not 
necessarily represent the viewpoint of the AUA.

Reproduction Permission: Reproduction of written 
materials developed for this AUA activity is prohibited 
without the written permission from individual authors and 
the American Urological Association.

Release date:  January 2020

Expiration date:  January 2023

American
Urological
Association

Education and Research, Inc.
1000 Corporate Boulevard
Linthicum, MD 21090 © 2020 American Urological Association Education and Research, Inc., Linthicum, MD

Khurshid R. Ghani, MBChB, MS, FRCS 
Disclosures: Lumenis, Boston Scientific: Consultant; Boston Scientific: Scientific Research Grant

and

William W. Roberts, MD 
Disclosures: Boston Scientific: Consultant, Scientific Research Grant

Department of Urology
University of Michigan
Ann Arbor, Michigan

*This AUA Update addresses the Core Curriculum topics of Surgical Energy and Urolithiasis, and the American Board of Urology 
Module: Calculus, Laparoscopy-Robotics and Upper Tract Obstruction.   



41

Key Words: ureteroscopy; lasers, solid-state; ultrasonic surgical 
procedures; lithotripsy, laser

EVOLUTION OF FLEXIBLE URETEROSCOPY AND 
LASER LITHOTRIPSY

In the modern day there has been a notable increase in the 
use of ureteroscopy, so that it is now the number one surgi-
cal modality for treating upper urinary tract stones in North 
America.1, 2 The 2 major drivers of this growing trend, at the 
expense of shock wave lithotripsy, are 1) advances in endoscopic 
technology, such as flexible ureteroscopes that can safely access 
all parts of the ureter and kidney with minimal trauma, and 2) 
the widespread availability of the Ho:YAG laser, which permits 
lithotripsy in all stone locations regardless of stone composi-
tion. Ancillary instrumentation and devices such as laser fibers, 
retrieval baskets and ureteral access sheaths have become 
smaller, more flexible and able to withstand greater repeated 
use, such that URS can be performed for larger kidney stones 
with relatively minimal morbidity compared to percutaneous 
renal stone surgery.

Next generation Ho:YAG systems provide the surgeon with 
a powerful range of laser settings and parameters for breaking 
up stones. Strategies for treating renal stones with URS consist 
of dusting, whereby fine fragments are left in situ for sponta-
neous passage, in contrast to fragmentation and active basket 
retrieval of fragments. A third method is the hybrid technique, 
where the stone is initially dusted and when finished larger 
fragments are actively retrieved. In this Update we provide an 
overview of the different techniques to consider when perform-
ing ureteroscopic renal stone surgery, and how an understand-
ing of laser physics and parameter selection along with safety 
considerations is important to improve lithotripsy efficiency 
and optimize patient outcomes.

PHYSICS OF LASER LITHOTRIPSY

Ho:YAG is a solid-state, flashlamp pumped laser that emits 
pulsed energy at 2100 nm wavelength. Holmium energy is 
strongly absorbed by water and all urinary stone compositions, 
and thus is effective and safe for urinary stone comminution.3,4 
Pulse energy (J), the amount of energy in a single pulse, and 
frequency (Hz), the number of pulses delivered per second, can 
be selected by the user. Time averaged laser power (W) can be 
simply calculated as pulse energy (J) 3 frequency (Hz).   

Energy emitted from the tip of the laser vaporizes adjacent 
fluid, creating a vapor bubble. This bubble serves as a pathway 
permitting transmission of radiation between the parted fluid, 
hence the term “Moses effect” is used to describe this phenom-
enon.5, 6 Laser energy is less attenuated traveling through vapor 
than fluid so subsequent laser pulses that take advantage of the 
presence of a vapor bubble can deliver more energy into the 
stone. When laser energy is absorbed by stone a photothermal 
reaction occurs with chemical decomposition of stone mate-
rial.7 

Until recently, holmium laser systems were low power (15 to 
20 W) and only capable of ≤15 to 20 Hz pulse frequency. Laser 
parameters of high pulse energy such as 0.8 to 1.0 J and low 

frequency such as 8 to 12 Hz (power 6 to 12 W) were typically 
used to allow a “fragmentation” strategy wherein the laser is 
placed in direct contact with the stone and sequential subdi-
vision is performed, followed by extraction of the stone frag-
ments.8, 9 By incorporating multiple rods and flashlamps into 
new laser systems, it became possible to expand the pulse ener-
gy and frequency that could be delivered. These newer high 
powered (10 to 120 W) holmium laser systems capable of 50 to 
80 Hz pulse frequency and low pulse energies such as 0.2 to 0.3 
J have dramatically expanded the available settings for laser 
lithotripsy.10 Dusting uses high frequency, low pulse energy 
settings to break stones into submillimeter fragments.10-13 Table 
1 provides an overview of the different laser lithotripsy modes 
and settings, including dusting, popcorning and pop-dusting.13-16 

From a practical perspective stone ablation volume and frag-
ment size increase proportionally with pulse energy.17-19 There 
are several drawbacks to using higher pulse energy, including 
greater laser fiber tip degradation and increased stone retro-
pulsion.18-21 Retropulsion increases the distance between the 
laser tip and stone, resulting in less energy reaching the stone.3 
Time is also lost repositioning to regain contact with the stone 
as it moves.  Raising pulse frequency while maintaining pulse 
energy increases the time averaged power and unsurprisingly 
elevates the fragmentation rate, which interestingly has a negli-
gible effect on stone retropulsion.22-24 High powered holmium 
lasers can now achieve frequencies up to 80 Hz, which can 
improve efficiency. However, as time averaged power increases, 
one must remain mindful of bulk thermal effects.  

Next generation Ho:YAG systems also provide the option of 
varying pulse duration. Traditional short pulse modes typically 
range from 150 to 350 milliseconds, while long pulse modes 
range from 500 to 1300 milliseconds. While the same amount of 
energy is transmitted in each pulse, the peak power attained in 
long pulse mode is lower, resulting in less retropulsion and fiber 
tip degradation.25-27 Pulse modulation is also being used for 
select modes of laser operation.  Most commonly this modula-
tion involves sequencing 2 or more pulses closely together so 
the following pulses can take advantage of the vapor bubble 
and transmit a greater portion of the pulse energy to the 
stone. An example is the Moses technology where the energy 
is delivered over 2 pulses.28 This platform has a Moses contact 
mode, intended for operation at a close distance, and a Moses 
distance mode, designed for lithotripsy at a distance of 1 to 2 
mm. Appendix 1 provides a summary of how frequency, pulse 
energy, pulse duration and pulse modulation affect the laser 
lithotripsy performance characteristics of fragmentation, retro-
pulsion and fiber burnback.  

TECHNIQUES OF URETEROSCOPIC RENAL 
STONE SURGERY

Laser strategy depends on stone and patient characteristics, 
available equipment, surgeon experience, and surgeon and 
patient preference. One can break stones either into smaller 
fragments that are retrieved with ancillary devices, known as 
fragmentation and basketing, or into very fine fragments that 
are left in situ for spontaneous passage, ie dusting. The optimal 
laser lithotripsy may be to use both strategies selectively, since 

ABBREVIATIONS:  CT (computerized tomography), Ho:YAG (holmium:yttrium-aluminum-garnet), SFR (stone-free rate), 
UAS (ureteral access sheaths), URS (ureteroscopy)
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dusting is most suited for soft stones and fragmentation and 
basketing are more useful as the stone hardness increases. 
Especially for hard stone compositions, a hybrid approach that 
initially uses dusting followed by retrieval of larger fragments 
may be necessary. An advantage of dusting, just as in shock 
wave lithotripsy, is that a stent may not be needed at the end 
of the procedure, which can have significant implications for 
postoperative symptoms and quality of life.

Dusting. The aim of this technique is to incorporate a laser 
setting parameter so that fragments breaking off the stone are 
as small as possible, thereby maximizing the goal of complete 
spontaneous passage. When treating renal stones, dusting 
consists of a contact laser lithotripsy phase and a non-contact 
laser lithotripsy phase. The first phase is the initial debulking 
step where the surgeon sculpts the stone, keeping it intact as a 
single entity and reducing its overall size by ejecting tiny frag-
ments. Eventually, no matter how good the surgeon’s skill, the 
stone will end up breaking into smaller chunks. During the 
second phase these larger fragments are pulverized with non-
contact laser lithotripsy. 

Contact Phase Laser Lithotripsy: Painting/dancing and chip-
ping are techniques used during the initial phase of dusting (fig. 

1).29 Painting is accomplished by sweeping the laser fiber tip 
horizontally across the face of the stone while firing continu-
ously. Dancing is the movement of the fiber going forward and 
backward so that it does not get stuck on the stone surface 
due to fragmentation. Ablation of the stone surface should be 
uniform and to bombard parts of the stone that project forward, 
taking precaution in the center to avoid fracturing the stone. 
For hard stones a chipping technique can be used by firing the 
fiber tip at the outer edge of the stone to break off chips <1 mm. 

Dusting is a dynamic process that requires constant move-
ment of the fiber on the stone. The laser setting initially used 
may need to be modified as the stone is dusted and decreases in 
size. If the stone begins to “wobble,” it means the setting is no 
longer optimal, and reducing the pulse energy or frequency can 
improve lithotripsy efficiency (fig. 2).10  Once the stone breaks 
into smaller fragments, the next step is to perform non-contact 
laser lithotripsy so these fragments become even smaller.29 

Non-Contact Laser Lithotripsy: Also known as popcorning 
due to the chaotic and noisy movement of fragments,14 this 
technique is executed by activating the fiber tip a few millime-
ters away from the fragments without making contact. Using 
intermittent laser bursts and specific laser settings (table 1), 

Table 1. Laser lithotripsy modes and typical settings

Mode Pulse Energy/Frequency Laser Settings Power (W)

Fragmentation High/low 0.8 J38 Hz/1.0 J312 Hz <15

Dusting Low/high 0.2-0.4 J350-80 Hz 15-24

Popcorning High/moderate 1.0 J315-20 Hz 15-20

Pop-dusting Moderate/high 0.5 J380 Hz 40

Figure 1. Fragmentation and dusting techniques for laser lithotripsy of renal stones.
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this technique results in a whirlpool-like effect and stone disin-
tegration as the fragments move around and come in direct 
contact with the laser tip (fig. 1). The technique allows the 
surgeon to avoid spending time repositioning the laser on the 
stone between pulses. In vitro studies have shown that using 
higher pulse frequencies/higher power,15 keeping the laser 
fiber positioned closer to the stone surface and performing the 
procedure in a smaller cavity (eg a small calyx is better than the 
renal pelvis) improve submillimeter fragmentation outcomes.30 
If the stone is too hard and not amenable to dusting or the calyx 
is too dilated for effective popcorning, it may be more appro-
priate to retrieve the fragments. 

Extraction. The objective of fragmentation is to sequen-
tially subdivide a stone into smaller pieces that are suitable 
for basket extraction or spontaneous passage. This technique 
is also applied to very hard stones that are resistant to dust-
ing and chipping strategies. The laser fiber is positioned on 
a central portion of the stone with gentle pressure to pin the 
stone against the wall of the calyx/papilla or additional stone 
material. The laser is fired with pulse energy 0.8 to 1.2 J and 
frequency 6 to 8 Hz, boring into the stone until it cracks.29 Use 
of low frequency is important as delivery of laser energy must 
be stopped immediately once the stone breaks or retropulses 
to prevent inadvertent advancement and firing of the laser into 
the tissue behind the stone. With lower frequency, fewer pulses 
will impact the tissue before the laser pedal is released. Gentle 
pressure on the stone counteracts retropulsion and ensures 
laser fiber-stone contact, maximizing energy delivery to the 
stone. Retropulsion and/or disruptive vibration of the stone still 
occurs. Use of long pulse mode on laser systems equipped with 
options for variable pulse duration selection will also decrease 
retropulsion and stone movement.31, 32

Determination that stone fragments have been reduced to 
proper size for extraction can be problematic. Fragments that 
are too large will not fit through an access sheath or down the 
ureter, and treatment of fragments beyond removal size is 
inefficient and will result in more material and more passages 
through the ureter for retrieval. Commonly used strategies to 
address this problem include use of the laser fiber as a refer-
ence measurement, although inaccuracies with depth percep-
tion limit this approach. Future strategies may use imaging 
algorithms to assist the urologist. Ludwig et al reported on the 

use of imaging software to provide a digital caliper to facilitate 
determination of stone fragment size.33

Once the stone is fragmented, basket extraction is common-
ly done to remove the fragments from the body. A variety 
of basket configurations have been developed but the most 
commonly used basket type is the 4-wire, tipless variety that 
allows reliable entrapment of the stone with minimal trauma to 
the collecting system and ureter. Modern-day baskets for renal 
work contain nitinol wire instead of steel. Nitinol is a nickel-
titanium alloy with elastic and shape memory properties that 
make it robust for repeated use. Some baskets have been devel-
oped for unique situations, including enhanced wire patterns 
to secure smaller fragments, and baskets that engage stones 
end-on with release mechanisms to prevent the basket and 
stone from becoming lodged.34 This basket type is particularly 
useful when attempting to extract or reposition a stone from 
the lower pole of the kidney. While not as sturdy as standard 
4-wire baskets, these end-engage baskets have enough holding 
force to extract fragments via an access sheath. Some prefer 
to extract fragments using these retrieval devices through the 
ureter, as they are easy to release in case they become stuck in 
the ureter if the fragments are too large. However, these open-
ended baskets do not hold on to the stone as robustly as the 
wired configurations.

For repetitive passes up and down the ureter to remove 
multiple fragments UAS are used to reduce trauma to the 
ureter and facilitate reentry of the ureteroscope into the renal 
pelvis.  A variety of UAS are available, and the most commonly 
used have inner diameters of 10Fr to 13Fr, sufficient to accom-
modate available ureteroscopes. The larger UAS allow extrac-
tion of larger fragments but can be more difficult to insert and 
may increase the risk of ureteral injury.35 In general, when a 
fragmentation and extraction strategy is chosen and many 
passes are expected to clear the stone fragments, placement 
of a ureteral access sheath should be considered. Keeping the 
gauge of the ureteral access sheath as low as possible will be 
safer for the ureter, although the smaller sheaths will limit 
extraction of larger fragments. If the ureter is already stented, 
the dilated ureter may accommodate larger access sheath sizes. 
Another important consideration is to be aware of the size of 
the ureteroscope being used before selecting a ureteral access 
sheath size, as not all ureteroscopes will enter the lumen of the 

Figure 2. Algorithm for adjusting laser settings when using low pulse energy (LoPE), high frequency (HiFr) dusting technique 
for renal stones during ureteroscopy.
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smaller sheaths.36  The advantages and disadvantages of dust-
ing compared to fragmentation and retrieval are outlined in 
Appendix 2.

CLINICAL EVIDENCE

Dusting. When examining the performance of one laser tech-
nique over another clinical evidence may not be generalizable 
due to the heterogeneity of patient populations, unpredictable 
complexity of renal stone surgery and stone hardness, and lack 
of standardization in equipment, techniques, holmium systems 
and laser settings used. Important end points to consider when 
determining efficacy include operative time, ureteral stenting 
rate, complications, unplanned encounters related to URS, 
stone-free rate assessment and long-term re-treatment rates. 
In general, comparative evidence is limited regarding fragmen-
tation/retrieval and dusting techniques for URS, and only 1 
randomized controlled trial has compared the 2 approaches for 
treating ureteral stones. Schatloff et al did not find a significant 
difference in SFR between the 2 groups, although unplanned 
visits were higher when ureteral fragments were left in situ for 
spontaneous passage.37 A major limitation of the study was that 
it did not incorporate low pulse energy dusting settings, and so 
fragments were broken down to 2 mm and not finer fragments 
<1 mm. 

Tracey et al recently reported a retrospective series of dust-
ing technique using high frequency, low pulse energy settings in 
71 patients.10 Pulse energy setting ranged between 0.2 and 0.5 
J with frequencies between 50 and 80 Hz. Stone clearance with 
<2 mm residual fragments was 74% and the zero fragment rate 
was 62%. The emergency department visit rate after URS was 
6% with no patients requiring surgical reintervention. Of 781 
patients  treated with the dusting technique and x-ray within 
3 months 20% required repeat surgery at a median follow-

up of 4.2 years.38 In particular, the risk of repeat surgery was 
increased in renal units with RFs >2 mm. 

A major limitation of most studies is that computerized 
tomography is rarely used in all patients to determine the SFR. 
When CT has been used to assess fragmentation and retrieval 
techniques zero fragment rates were between 55% and 60%.39 
For this Update we assessed all studies for renal stone treat-
ment containing a description of an exclusive fragmentation 
with spontaneous passage technique (ie dusting) or active 
retrieval that relied on reporting stone clearance using CT in 
all patients (table 2).40-43 In the series with a complete SFR of 
81% at 6 weeks the residual fragment rate for stones <2 to <3 
mm ranged from 84% to 91%.40 However, in none of these 
studies were low pulse energy, high frequency techniques used 
nor were specifications of the Ho:YAG system provided and, 
therefore, they may not be representative of current technical 
practice. 

Retrieval.  CT based outcomes for retrieval techniques when 
treating kidney stones are listed in table 3.42, 44-46 Complete 
SFR was 90% in a small series of 50 patients reported on by 
Redondo et al45 compared to 73% in a much larger series 
of active retrieval in 212 patients reported on by York et 
al.46 Recently the EDGE (Endourologic Disease Group for 
Excellence) research consortium published results of a multi-
institutional prospective study comparing fragmentation and 
retrieval against dusting technique for radiopaque renal stones 
measuring 5 to 20 mm.11 RFs on x-ray and/or ultrasound were 
assessed at 4 to 6 weeks. On bivariate analysis the SFR was 
higher for the retrieval group (74.7% vs 58.1%) but this differ-
ence was not significant on multivariate analysis. The outcomes 
for stone clearance may be confounded by the dusting group 
having significantly larger stones.  However, operative time was 
significantly longer for the retrieval group, and there were no 
differences in symptomatic RFs, complications or reinterven-

Table 2.  Summary of studies assessing dusting technique for treating renal stones with follow-up by CT

Cocuzza et al40 Hussain et al41 Lee et al42 Fayad et al43

Study design Retrospective cohort Retrospective cohort Retrospective cohort Prospective cohort

Study period 2002-2007 2005-2008 2010-2015 2012-2015

No. cases 63 185 76 60*

Mean stone size (mm) 11 12 11 14

% UAS used 33 3 100 100

Laser power setting† Not specified  
(1.0 J/10 Hz)

Not specified  
(0.5 J/10 Hz)

Not specified Not specified  
(0.8 J/12 Hz)

Mean operative time 
(mins)

68‡ Not specified§ 82 110

% Stenting used 100 72 100 0

% Overall complications 3 Not specified§ 11 8

Residual fragment 
criteria 

Fragments 0 Fragments <2 mm Fragments <3 mm Fragments <3 mm 

Timing of CT 6 Wks Within 6 mos 4 Wks 12 Wks

% Stone clearance rate 81 91 87 84

*Lower calyceal stones.
†Lowest pulse energy (J)/highest pulse frequency (Hz).
‡Includes multiple procedures.
§Operative time and complications were not assessed.
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tion rates. Humphreys et al concluded that retrieval results 
in a higher SFR at the expense of longer procedure time and 
greater use of UAS (100% vs 16% for dusting) may increase 
total procedural cost.11 

The limited data comparing dusting and basketing tech-
niques do not allow us to determine which method is supe-
rior. Each approach has advantages and disadvantages, and 
the modern-day stone surgeon should be familiar with both 
techniques. In select cases dusting offers the option of stentless 
URS, while retrieval with a ureteral access sheath often neces-
sitates a ureteral stent. The decision regarding which strategy 
to use should be based on the clinical scenario and available 
resources.47 A combination of both techniques may be needed 
to optimize outcomes, cost, time and morbidity. Regardless of 
technique, studies have indicated that complete SFRs after 
URS for renal stones are suboptimal,48 and future directions 
may focus on suction or stabilization devices that can optimize 
laser strategies.   

OTHER POTENTIAL BENEFITS

Stone dusting has been shown to be faster than fragmentation 
and retrieval. A contributing factor as to why fragmentation 
and retrieval are slower is the need for a skilled assistant to 
operate the basket (position and open/close slider). This neces-
sity may be less of a problem in the future with development of 
accessory devices for disposable ureteroscopes that allow the 
surgeon to open and close a basket with a trigger mechanism, 
optimizing these additional controls for the primary operator. 
However, even with this type of device, dusting is less cumber-
some than extensive basket extraction when the surgeon is 
operating alone, as commonly occurs in community practice 
and even increasingly at large tertiary medical centers. Extrac-

tion is preferable when a premium is placed on removal of all 
stone fragments, as it is for commercial airline pilots. Similarly 
with infected stones or patients at high risk for infectious com-
plications, such as those with spinal cord injury, minimizing 
manipulation and more complete extraction of stone material 
may produce better outcomes and decrease infectious postop-
erative complications. 

  
FUTURE DIRECTIONS

New lithotripsy modes are effective adjuncts to fragmentation 
laser lithotripsy and have been observed to shorten operative 
time.11 However, the higher powers used with these modes 
present a risk of overheating the calyceal fluid as demonstrated 
in in vitro and in vivo studies.49-53 Temperatures in 1 study 
reached 60C after 10 seconds of laser activation at 40 W power 
settings.49 Even short (<1 second) exposure to this temperature 
produces cell death and tissue injury, which can lead to renal 
scarring, obstruction of the ureter or collecting system and 
loss of renal function.54-56 A follow-up in vivo porcine study 
confirmed that lethal temperatures are generated during laser 
lithotripsy within a renal calyx, resulting in grossly apparent 
pathological thermal injury.57 Results from in vitro and in vivo 
experiments were supported by computer simulations of the 
heating produced in these scenarios.58 Taken together, these 
data raise concerns that toxic heating of urological tissues could 
be produced by laser settings used in current clinical practice. 
Hence, there is a need to map the thermal safety boundaries 
and create parameter guidelines for high powered laser litho-
tripsy.

Surprisingly, assessment of thermal safety in laser litho-
tripsy has lagged behind the clinical introduction of new high 
powered laser systems, which do not have automated safety 

Table 3. Summary of studies assessing fragmentation and active retrieval technique for renal stones with follow-up by CT

Somani et al44 Redondo et al45 Lee et al42 York et al46

Study design Prospective cohort Prospective cohort Retrospective 
cohort

Retrospective cohort

Study period 2007-2011 2012-2013 2010-2015 2013-2016

No. cases Fiberoptic flexible URS—59, 
digital flexible URS—59

50 172 214

Mean stone size (mm) Fiberoptic flexible URS—12.8, 
digital flexible URS—12.0

<20, 21-30, >30 11.1 6.2

% UAS used 100 100 100 94*

Laser power setting† Not specified 20-30 W (0.5 J/15 Hz) Not specified Not specified 

Mean operative time 
(mins)

Fiberoptic flexible URS—53.8, 
digital flexible URS—44.5

96.6 82.5 54

% Stenting used Not specified 100 100 Not specified

% Overall complica-
tions 

1 8 10 Not specified

Residual fragment 
criteria 

Fragments <2 mm Fragments 0 Fragments <3 mm Fragments 0

CT timing 1 Mo 3 Mos 4 Wks 3 Mos

% Stone clearance rate Fiberoptic flexible URS—86, 
digital flexible URS—88

90 89 73

*Basket retrieval without a sheath was performed in 6% of cases.
†Lowest pulse energy (J)/highest pulse frequency (Hz).
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features or real-time sensing of intrarenal temperature. Addi-
tionally there is no guidance from industry, professional groups 
or regulatory bodies on selection of safe laser settings. While 
bench studies suggest that increasing irrigation rate can partly 
control temperature elevation,49-53 this can only be achieved in 
certain scenarios, since intrarenal pressures must not exceed 

40 cm H2O in order to minimize risk of infection, sepsis and 
hemorrhagic complications from pyelovenous and pyelosinus 
backflow.59-61 As the range of laser settings continues to expand, 
laser power and irrigation rate must be considered together to 
establish safe operating parameters.   

Appendix 1. Relationship among pulse energy, frequency, pulse duration and pulse modulation on laser lithotripsy performance

Pulse Energy (J) Frequency (Hz) Pulse Duration Pulse Modulation

High         Low High     Low Short Long Moses Technology

Fragmentation ⇡ ⇣ ⇡ ⇣ No effect No effect ⇡
Retropulsion ⇡ ⇣ =/⇡ No effect ⇡ ⇣ ⇣
Burnback ⇡ ⇣ ⇡* No effect ⇡ ⇣ ⇣

*Increase in burnback only if total power increases.

Appendix 2. Advantages and disadvantages of dusting and retrieval techniques for ureteroscopic laser lithotripsy

Method Advantages Disadvantages

Dusting Produces smaller fragments, avoids 
routine use of ureteral access sheath 
and thus reduces risk of ureteral 
trauma, shorter operation time, no 
need for assistant, avoids routine 
postoperative stenting in select cases, 
able to offer treatment in cases of 
failed ureteral access sheath inser-
tion

Often requires next generation laser systems 
(high capital equipment cost), may not be 
suitable for hard stones (eg calcium oxalate 
monohydrate), stone-free rate may depend on 
the surgeon’s skill, concern for fragment drain-
age in certain patients (eg spinal cord injury), 
may result with no fragment for analysis unless 
basket used at end for fragment extraction

Fragmentation and basket retrieval Can use low power laser system 
(low capital equipment cost), ability 
to extract complete stone in non-
complicated cases, suitable for hard 
stones, able to send fragments for 
composition analysis

Produces larger fragments, longer operation 
time, higher disposable costs, need for assistant, 
risk of ureteral injury from using ureteral 
access sheath, routine ureteral stenting if using 
access sheath
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1.  The mechanism by which the Ho:YAG laser results in 
stone disintegration is
a. cavitation 
b. cavitation followed by a photothermal reaction 
c. photothermal reaction followed by cavitation 
d. photothermal reaction with chemical decomposition 

of stone material

2.  Selection of long pulse duration of 500 to 1,300 μs when 
fragmenting stones leads to
a. decreased stone retropulsion
b. increased stone fragmentation
c. increased fiber tip degradation
d. increased risk of scope damage

3.  During Ho:YAG laser lithotripsy of a 1.0 cm renal pelvic 
stone with settings of 0.2 J and 50 Hz, there is minimal 
change to the stone. The next step is
a. increase J to 0.3 
b. increase Hz to 60 
c. increase J to 0.4 and increase Hz to 80
d. reposition the stone into an upper pole calyx 

4.  Ureteral access sheaths facilitate basket extraction of 
stones from the kidney but can increase the risk of
a. raised intrarenal pressure
b. ureteral injury
c. infection
d. ureteroscope breakage

5.  During ureteroscopic laser lithotripsy, intrarenal pressures 
should not exceed 40 cm H2O in order to minimize risks of 
a. renal scarring
b. ureteral obstruction 
c. infection and sepsis 
d. subsequent renal insufficiency
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