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ABSTRACT
Laser lithotripter is by far the most commonly used intracorporeal lithotriper. 
Despite the recent exciting in-roads made by the thulium fibre laser (TFL), 
currently, the holmium: yttrium-aluminium-garnet (Ho:YAG) laser is the 
lithotripter of choice for the treatment of urinary stones. This article aims to 
provide a concise review of the Ho:YAG laser used with flexible ureteroscopy 
for the treatment of renal stones. The review examines the technical aspects, 
the laser fibre, the setting and efficiency of Ho:YAG laser. This is a narrative 
review of the Ho:YAG laser used with flexible ureteroscopy in the treatment 
of renal stones. The relevant databases and journals in urology were searched 
for contemporary existing literature on the subject. The literature on the 
physics, the anatomy of the Ho:YAG fibre, the setting and efficiency of the 
Ho: YAG laser were reviewed. The safety of the Ho:YAG laser in the 
treatment of renal stones was also reviewed. Understanding the physics of 
Ho:YAG laser, proper choice of laser fibres and appropriate setting of the laser 
machine are essential for its optimal use in flexible ureteroscopy for renal 
stone

Keywords: Ho:YAG laser, Flexible ureteroscopy, Renal stones.
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INTRODUCTION 
1,2rinary stones affect 8 – 15% of the world population.  In Nigeria, earlier U 3.4reports suggested that urinary stones were rare.  Contemporary reports 

5.6.7have however, shown that the incidence is rising.  While open surgery was 

the main option of treatment in the past decades, recently, minimally invasive 
8techniques have revolutionized urinary stone treatment.

The staggering advances in the manufacture of flexible ureteroscopes and 

laser technology have had the greatest impact in the minimally invasive 
 9treatment of renal urinary stones globally.  The miniaturization of the flexible 

scopes; improvement in the optics and the scope deflection mechanism as 

well as the refinement of accessory instrumentation have combined to 
9.10facilitate access to the entire urinary tract.

Also, the miniaturization of the charge couple device (CCD) and the 

complementary metal oxide (CMOS) have made the birth of digital flexible 

ureteroscope possible. These chips are now small enough to allow the 
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incorporation at the tip of the flexible scope, creating 

the chip on the stick scope. This effectively 

eliminates the need for optic fibre thereby giving rise 

to a more robust deflection mechanism and by 
[11,12]extension  more durable scopes . 

The images obtained with a digital scope are 

generally larger and clearer than those obtained with 

the traditional fibreoptic ureteroscopes. In addition, 

the honeycomb pattern (Moiré effect) seen with the 
13fibreoptic scopes is eliminated.  

Different intracorporeal lithotripter devices are 

available for stone fragmentation including, the 

electrohydraulic (EHL), pneumatic and ultrasononic 
14lithothripters as well as laser lithotripter.  Laser 

lithotripter is by far the most commonly used 

intracorporeal lithotripter, especially in the 
15,16 developed countries. Despite the recent exciting 

in-roads made by the thulium fibre laser (TFL), 

currently, the holmium: yttrium-aluminium-garnet 

(Ho:YAG) laser is the lithotripter of choice for the 
16,17treatment of urinary stones.  This article aims to 

provide a concise review of the Ho:YAG laser used 

with flexible ureteroscopy for the treatment of renal 

stones. The review examines the technical aspects, 

the laser fibre, the setting and efficiency of Ho:YAG 

laser.

METHODS

This was a narrative review of the Ho:YAG laser used 

with flexible Ureteroscopy for the treatment of renal 

stones. The data base were searched for recent 

information on the relevant physics, the anatomy of 

Ho:YAG fibre, the setting and efficiency of the 

Ho:YAG laser. The data base searched were 

MEDLINE, Excerpta Medica Database (EMBASE), 

Google scholar, individual urology and endourology 

j o u r n a l s .  T h e  s e a r c h  t e r m s  i n c l u d e d ,  

“Holmium:YAG laser lithotripsy”, “renal stones”, 

“flexible ureteroscopy”, “laser fibres”, “laser 

setting”, urinary stone dusting”, 'urinary stone 

fragmentation”, “intracorporeal laser lithotripsy”. 

The search was limited to English language articles 

from 1995 -2020. However, few key publications 

considered noteworthy and historical, published 

earlier than 1995 on the subject were included and 

referenced. A total of 1,950 articles were obtained from 

the search of the data bases. Only studies and articles 

that focused on the technical aspects, setting, 

efficiency and safety of the Ho:YAG laser were 

included. Articles not relevant with respect to itemised 

points were excluded from the study.

Holmium- Yttrium-Aluminium-Garnet Laser 

Physics

Holmium is a rare-earth metal with 67 protons in its 

nucleus predominantly found as trivalent ions in 
18nature. The yttrium-aluminum-garnet (YAG) crystal 

is chemically doped with the holmium ions within the 
19optical cavity of the laser machine.  The photons 

emitted by the energized Ho:YAG crystals travel freely 

within the optical cavity and are reflected by mirrors at 

each end of the cavity. A small opening in the optical 

cavity allows the laser energy to exit the cavity usually 
19,20in pulses when needed.  (see generated annotated 

Figures 1,2 and 3). The Ho:YAG laser delivers pulsed 

energy at a wavelength of 2100nm and can be used to 

fragment stones of various composition and pulverize 
21renal stones down to fine dust.  

Figure1. Energized atoms of the Lasing medium (Ho:YAG) 
owithin the optical cavity in ground state (E ) absorbs the  

energy and are excited ( E*) by moving their electron to the 
oouter orbit (E  to E*)
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Stone disintegration with Ho:YAG laser is achieved 

primarily by photothermal ablation. The photothermal 

ablation is accomplished by conversion of light energy 

into heat that causes the stone to disintegrate as well as 

crack due to the rapidly expanding vapour within the 
22,23,24stone.  

The Ho:YAG laser is rapidly absorbed by water. Given 

that the human tissue is chiefly composed of water, the 

energy of the laser does not cause significant tissue 

damage as far as the laser is fired away from the 
22urothelium.  

Commercially available Ho:YAG laser systems can be 

grouped into two broad categories: the low-power (10 

– 30W) and high-power (typically 60-100W) laser 

systems. While the lower-power generator is made out 

of a single laser cavity, the high-power laser 
25incorporates multiple laser cavities.

Recently, high power 120W Ho:YAG laser with 
26,27Moses-effect has been launched.  This emits a 

modulated laser pulse. The first pulse divides the water 

between the laser fibre and the stone while, the second 

part hit the stone unobstructed. The Moses-effect is not 

only efficient but reduces stone retropulsion and in 
27,28effect more ablation.

Holmium- Yttrium-Aluminum-Garnet laser fibre

Laser fibre plays an important role in flexible 

ureteroscopy lithotripsy procedure. The fibres are 

flexible, allowing them to pass through the working 
25channel of the ureteroscope.  

The fibre is made from silica quartz. The Ho:YAG 

energy is transmitted in the fibre ranging from 150µm 

to 1000µm in calibre. Most urologists use the fibres 

from 200µm to 365µm for flexible ureteroscopy. The 

272µm fibre is however the workhorse for the flexible 

ureteroscopy. The larger fibres, 365µm and above are 

more durable and have higher efficiency but reduces 

flexible ureteroscope deflection and minimize 
25,29working channel irrigation space.  

Traditionally, the tip of the laser fibre used with 

flexible ureteroscope is flat. Recently, ball-shaped 

laser fibre tip has been introduced. The ball tip laser 

fibre is thought to allow passage of the fibre through 

the scope with less resistance and therefore avoid 

Figure 2. The excited state of atoms of the Ho:YAG 

(E*) is unstable and the atoms return to ground state 
o(E ) emitting photons (spontaneous emission of 

radiation/ photons)

Figure 3. Emitted photon from one atom strikes another 

leading to generation of another electromagnetic waves 

(Light) of the same wavelength, phase and direction 

(Stimulated Emission of radiation). With opposing 

reflective mirrors in the optical cavity, the light emitted 

reflects back and forth along the same axis of the cavity, 

stimulating increasing numbers of photons (Light 

amplification). Light allowed to pass through the 

parallel reflective mirrors at the end is collimated and 

monochromatic and constitute the laser (light 

amplification by stimulated emission of radiation) 

beam.
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damage to the delicate inner lining of the scope. A 

puncture to the inner lining of the scope leads to fluid 

leakage into the interior of the flexible scope causing 

expensive damage As the ball tip burns back with .   

the first use of the fibre, this advantage over the flat 

tip evens out. Importantly, the stone disintegration 

efficiency between the flat tip and the ball tip laser 
25.fibre is not significantly different.

The Ho:YAG laser fibre consist of three primary 

parts. The innermost piece is the silica core, which 

has the property of total internal reflection that allows 

the transmission of the laser energy. The core is 

encased by the cladding which helps to trap the light 

in the core and prevents energy from escaping the 

fibre, especially during fibre bending. The core and 

the cladding are in turn encased by the outer jacket. 

The jacket is usually coloured in order to improve 

visibility but takes no part in transmission of laser 
29,30energy.

Both a single-use and reusable laser Ho:YAG laser 
25,31fibre are commercially available.  The theoretical 

advantage of the single-use Ho:YAG laser fibre over 

the reusable fibre is that the former comes with  

perfectly prepared fibre tip that is cleaved and 

stripped by the manufacturer. Another advantage is 

that of reliable laser fibre shaft integrity which is not 

likely to fail during use and lead to inadvertent 

damage of the flexible ureteroscope. The connector 

of the single-use laser fibre that has not been 

previously used is likely to be better and more 

efficient than that of the reusable one. Also there is no 

need for re-processing and sterilization of the fibre. 

The re-processing of laser fibre in itself can be 
25cumbersome and is an imperfect process.  

However, reusable Ho:YAG laser fibre has been 

found to be more cost-effective. And very 

importantly, the overall performance between single-

use and reusable Ho:YAG laser fibre has been found 
32,33to be similar.  In recent years, there has been an 

incomplete but gradual shift towards the use of 
25single-use fibre.

Holmium- Yttrium-Aluminium-Garnet setting and 

efficiency 

The Ho:YAG laser parameters include the pulse 
27energy, pulse frequency and pulse duration,  These 

parameters could be adapted by the operator to achieve 

desirable effects on stone disintegration. 

Pulse energy is the optical energy emitted at the laser 

fibre tip and is measured in Joules (J). Factors that 

influence the selection of pulse energy include mainly 
34the stone density and the desired fragment sizes.

Urologists have shown a particular interest for low 

pulse energy setting. This setting seems to produce  

particularly fine fragments (stone dust) for stones of 

different composition including calcium and non-

calcium containing stones. The fine fragments 

evacuate spontaneously obviating the need for time-
35consuming retrieval of the larger stone fragments.  

Recently, high-frequency, high-power Ho:YAG laser 

generators have been developed for more efficient 

stone dusting at low pulse energy settings and very 
26high frequency.

Pulse frequency on the other hand is the measure of 

optical pulses emitted from the fibre tip in one second 

expressed in hertz (Hz). Increasing the pulse frequency 

while keeping the pulse energy constant results in 
36faster fragmentation rates.

Pulse duration is the period in which a single optical 

pulse is emitted in microseconds. The conventional 

laser systems use fixed pulse duration setting at 150 – 

350microseconds (short pulse) whereas the high-

power Ho:YAG laser systems allow selection of longer 
37,38pulse duration of up to 1,200microseconds.  Long 

pulse duration deliver the same amount of pulse energy 

as short pulse, but over a longer period of time. This 

difference is exploited to enhance lithotripsy 

performance. The main advantage of using long pulse 

is to decrease retropulsion and reduce fibre tip 
38degradation

Different pulse modulation for Ho: YAG laser 

including Moses-effect, vapour tunnel, virtual basket 

and bubble blast have been introduced by different Ho: 

YAG laser manufacturers, seeking to optimize renal 
26stone disintegration.  

The virtual basket, like the Moses-effect, consists of 
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double pulse emission. The first pulse generates the 

vapour bubble while the second pulse is propagated 

through the bubble to hit the stone. The virtual basket 

is believed to combine a low stone retropulsion with 
39fragment suction effect.

The vapour tunnel mode consists of a single long 

pulse. It is designed to minimize peak power, leading 

to formation of elliptical and elongated bubble 

instead of the familiar spherical bubble as found in 

short pulse. This prevents stone retropulsion. In 

bubble blast, the second pulse is emitted after the 
39complete collapse of the first bubble.

Flexible ureteroscopy and Ho:YAG laser are applied 

with varying ease depending on the size, location and 

complexity of the stone within the renal 

pelvicalyceal system. The modality has become a 

major technique in the treatment of stones less than 
402.0cm located within the pelvicalyceal system.  

In the recent European guideline in the management 

of renal stones, both the flexible ureteroscopy and 

external shock wave lithotripsy (ESWL) have 

become the first line management options for stones 

less than 2.0cm located in the renal pelvis, upper and 
41 [42]middle calyces.  Grasso and Ficazozola  recorded a 

stone-free rate of 95% for intrarenal stones 

measuring 1.1-2.0mm with this technique. 

While, percutaneous nephrolithotomy (PCNL) is the 

gold standard for treatment of large and complicated 

renal stones, it has steep learning curve and it is 
43,44associated with significant complications.  

Flexible ureteroscopy with Ho:YAG laser remains a 

less morbid option and has been applied by some 

urologist in complex stone scenarios  particularly in 
 .44,45high risk patients

Flexible ureteroscopy and Ho:YAG lithotripsy also 

has been described as a good adjunct to the PCNL for 

the successful treatment of staghorn and other 

complex renal stones in order to reduce the number of 
46,47the PCNL tracts and enhance stone-free rate.  This 

combination could be in stages, carried out for 

residual stones after the PCNL, or as endoscopic 

combined intrarenal surgery (ECIRS) in same sitting 

48with the PCNL.

In the lower pole of the kidney it may be difficult to 

orient Ho:YAG laser  fibre to the stone, and may prove 

a risk for fibre failure and damage from the fibre as the 
49laser leak to the ureteroscope.  This difficulty is due to 

the dependent position and peculiar anatomy of the 

lower calyces which make them less accessible to the 

flexible ureteroscope compared to the mid and upper 
50,51calyces.  

So, in the lower pole stones, relocating the stone with 

Nitinol basket to a more favourable calyx (middle or 

upper calyx) is advised before lasing them. The nitinol 

baskets cause minimal loss of scope active defection 

and lead to less interference with irrigation flow in 

comparison to the smallest of the Ho:YAG laser fibre. 

This facilitates successful access with the basket to the 

lower pole with better visibility facilitating relocating 
52,53the stone.  

However, with the manufacture of scopes with 

extended active deflection abilities, single-use flexible 

ureteroscopes as well as the more efficient laser 

systems, insitu Ho:YAG laser lithotripsy of stones in 
53the lower pole is becoming common place.

Obesity can negatively affect the treatment options for 

renal stones. The success rate of ESWL is reduced 
54,55remarkably because of the skin to stone distance.  

Also, PCNL in obese patients is not ideal due to long 

tract and increased anesthetic complications 

particularly when the PCNL is carried out in prone 

position. Flexible ureteroscopy with Ho:YAG 

lithotripsy is efficacious in this setting as documented 
55,56,57by many authors.

Again, ESWL and PCNL are contraindicated in the 

setting of bleeding diathesis as well as in patients on 

anticoagulants. Flexible ureteroscopy with Ho:YAG 

laser has been found to be safe for the treatment of renal 
58,59stones in these category of patients.

Techniques of renal stone disintegration with 

Holmuim-yttrium-aluminium-garnet Laser

In using the Ho:YAG laser with flexible ureteroscopy, 

stone disintegration can be performed by several 

techniques:
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Dusting

Here, dust-sized fragments are produced by painting 

movements across the surface of the stone. The stone 

is pulverized into fine dust with no real clinical need 

to remove the resulting fragments (usually less than 
601mm in diameter).  The potential advantage in this 

technique is reduced operation time because it avoids 

multiple passes with the scope to remove the stone 

fragments. The drawback is that where the fragments 

fail to pass and remain in the collecting system, they 

may become nidus for recurrent stone formation. 

Dusting is achieved by using lower energy level of 

(0.2J -0.5J) and higher pulse frequency of 15Hz and 
60above, leading to small debris.

Fragmentation

Fragmenting technique leaves the stone pieces of 

more than 1mm. Many authors prefer this technique 

for harder stones (such as calcium oxalate 

monohydrate and cystine stones) where dusting may 

not be efficacious. The larger fragments produced by 

this technique require endoscopic basketing or other 

forms of extraction. The main advantage of this 

technique is that basketing the resulting fragments 

reduces residual stone burden and ultimately 

enhances stone-free rates. The main disadvantage is 

potentially longer operating time. Fragmentation is 

achieved by higher pulse energy level of 1.5 – 2J and 
60pulse frequency of 5Hz.

Popcorning

In this technique, the laser fibre is placed some 

distance away from a collection of stone fragments, 

especially in a confined area, usually the minor calyx. 

The laser vapour bubbles cause the stones fragments 

to bounce like 'popcorn'. As the fragments are 

agitated, with intermittent contact with the laser 

fibre, photothermal disintegration takes place. 

Ultimately, the 'popcorning' effect produce smaller 

and smaller fragments resulting in fine stone dust. 

Studies have shown that Ho:YAG setting of 1.0J and 

20Hz results the most efficient stone dusting when 
60using this technique.

Safety and complications of Holmium: yttrium-

aluminum-garnet laser

The use of Ho:YAG laser has been found to be safe in a 
61,62wide range of settings.  However, there are still some 

safety concerns and complications that may arise from 

its use in renal stone disintegration. 

For instance, there is usually local temperature rise 

within the kidney during the use of Ho:YAG laser use 

for the renal stone disintegration. Many authors have 

documented that the temperature rise of up to 70 

degree Celsius or even more raising concern of 
63,64potential tissue injury.  The high temperature rise 

during Ho:YAG lithotripsy could theoretically cook 

the surrounding renal tissue. In particular, high-power 

Ho:YAG laser presents greater energy deposition and 

so increased risk of induction of thermal tissue 
63injury. Therefore to prevent this complication, 

intermittent laser activation, higher irrigation flow rate 

and shorter surgery time should be employed to 
63,65mitigate this complication.  

Ho:YAG laser energy could also lead to perforation if 

the energy is directly in contact with the urothelium of 

the pelvicalyceal system. It is therefore essential to 

operate with the laser fibre under direct vision at all 

times and avoid contact with the wall of the 
66pelvicalyceal system during lithotripsy.

Also, eye injury is one of the main concerns when 

Ho:YAG laser is in use. However, it has been 

demonstrated that eye injury is possible only in high-

energy laser settings, very close distances (0-5cm) and 

when the eyes are not protected. Indeed, no eye injury 

has been reported with Ho:YAG lasers during 
67lithotripsy for renal stone in contemporary series.

.

Related to material-safety, Ho:YAG laser can damage 

the very delicate and expensive flexible ureteroscope 

as well as some accessories such as guide-wire and 

stone baskets. For instance, the fibre tip is sharp and 

can act as a 'hapoon' within the working channel of the 

ureteroscope if the fibre is passed through a deflected 

ureteroscope. To prevent this, the laser fibre should not 
68be passed through a deflected flexible ureteroscope.

Also, to prevent the damage to the ureteroscope, laser 
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fibre must be activated at a safe distance from the 

optical end of the scope, approximately one-fourth of 
68the endoscopic field of view.  Again, when acute 

angle deflection of the scope is required to reach the 

lower calyceal stone, smaller core fibre which are 

less likely to fracture and cause damage to the scope 
69is recommended.

CONCLUSION 

Holmium: yttrium-aluminum-garnet laser is the most 

robust and commonly used energy source for renal 

stone disintegration. Understanding its physics, 

proper choice of laser fibres and appropriate setting 

of the laser machine are essential for its optimal use 

in flexible ureteroscopy for renal stone
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