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Review

More than half a century has passed since the construction 
of the first working laser emitter [1], then the world’s first 
urological laser procedure [2], and the introduction of the 
first commercial laser lithotripter in the 1980s [3].

The current and widespread use of holmium laser litho-
tripsy of urinary stones has produced many debates [4, 5]. 
The best laser lithotripter settings and the most appropriate 
laser fibers to achieve the best lithotripsy performance are 
still being refined [6, 7]; hence, a review of the existing lit-
erature on lithotripter settings and laser fibers for holmium 
laser lithotripsy is in order.

To have a better idea of the wide-ranging field of hol-
mium laser lithotripsy and the role of urologists in it, we 
performed a search on Medline (on July 14, 2014) for the 
expression “laser lithotripsy” with or without urology-
related terms, starting from the first articles published in 
1985 until 2013. A total of 1,037 articles were found on 
laser lithotripsy, and 768 (74.1 %) of the articles had a uro-
logical background.

Figure  1 shows the evolution of laser lithotripsy arti-
cles that were related to urology and other specialty fields. 
During the period examined, urology has always been at 
the center of laser lithotripsy development: since the first 
medical laser lithotripsy papers appeared in 1985, urol-
ogy-related applications have accounted for at least half 
of the articles published on lithotripsy [8–11]. The first 
urological reports and clinical series on laser lithotripsy 
appeared almost simultaneously with the launch of the first 
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commercial laser lithotripter in 1988, and with the increase 
in urological laser lithotripsy in the mid-1990s, urologi-
cal applications in the literature quickly overshadowed 
the use of laser lithotripsy in all other medical fields, such 
as gastroenterology, general surgery, or ENT, to treat, for 
example, biliary, pancreatic, or salivary stones [3, 12–14]. 
Currently, laser lithotripsy is established primarily as a uro-
logical specialty, with 85–90 % of the articles published in 
the last 10  years authored by urology-affiliated investiga-
tors (Fig.  1). Holmium laser lithotripters were developed 
several years after the first references to laser lithotripsy. 
The presence of holmium lasers increased gradually at the 
turn of the century, and these lasers became highly asso-
ciated with lithotripsy [15–18]. In contrast to other lasers, 
holmium laser lithotripters can efficiently fragment any 
type of urinary stone, and their wavelength of 2,100 nm is 
almost completely absorbed by water within 0.4 mm of the 
laser fiber tip, making the Ho:YAG one of the safest lasers 
to use in an endourological setting [19–21]. The efficacy 
and safety of the Ho:YAG laser led it to be one of the urol-
ogists’ most popular tools for lithotripsy and other urologi-
cal applications [22]. 

Laser lithotripter settings

Existing holmium laser lithotripters allow the urologist to 
control the main parameters, i.e., pulse energy and pulse 
frequency, and consequently control the total power output, 
which results from the product of these two parameters: 
Total Power (W)  =  Pulse energy (J)  ×  Pulse frequency 

(Hz). By adjusting these parameters, the urologist decides 
the energy intensity that is delivered at the tip of the laser 
fiber to ablate the stone.

Studies have shown that increased pulse energy 
increased the ablation volume of stones tested in elemen-
tary experiments [23–25] and in more elaborate, automated 
studies [26]. Using different experimental approaches, 
whether increasing total power [6] or keeping the same 
total power [26, 27], when the pulse energy rose so did the 
ablation volume of these stones.

Increased pulse frequency and, consequently, increased 
total power are expected to increase ablation volume. Some 
laser lithotripter manufacturers claim that high-frequency 
settings and high-frequency lithotripters are more ablative 
[28]; however, experimental results have not verified these 
claims. Several studies did not measure any significant 
increase in ablation volume with an increase in pulse fre-
quency [6, 29]. In a more recent study where total power 
was kept constant, low frequency using high-pulse energy 
(LoFr–HiPE) settings showed a statistically significant 
favorable difference over high frequency using low-pulse 
energy (HiFr–LoPE) settings. Besides showing a directly 
proportional increase in ablation volume as pulse energy 
rises, that study also showed how at the same power lev-
els, LoFr–HiPE settings were up to six times more ablative 
than HiFr–LoPE settings (Fig.  2). In fact, comparison of 
LoFr–HiPE settings with others using high frequency with 
significantly higher total power levels showed that even at 
very high-power settings, these were surpassed by LoFr–
HiPE using lower total power settings [26]. Hence, pulse 

Fig. 1   Number of articles 
indexed in PubMed relating to 
laser lithotripsy in urology and 
other medical fields. The dashed 
line represents those articles 
pertaining to the holmium laser, 
a technology developed several 
years after the first mention of 
laser lithotripsy
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energy was the most important factor that determined abla-
tion volume, with pulse frequency and total power playing 
a less important role.

More recently, long-pulse lithotripsy has become avail-
able. In newer lithotripter models, the urologist can choose 
different pulse durations, i.e., the traditional short-pulse 
mode and the new long-pulse mode [30, 31]. Other laser 
lithotripter settings remain the same, with the same pulse 
frequency, the same pulse energy, the same power level, 
and therefore, the same amount of energy delivered per 
unit of time. In the short-pulse mode, the energy deliv-
ered by a single laser pulse occurs during a certain period 
of time, while in long-pulse mode, that same amount of 
energy is distributed over a longer period of time. We have 
compared short-pulse mode with long-pulse mode (180–
330 vs. 650–1,215  µs) at different pulse frequencies and 
pulse energies (HiFr–LoPE at 20  Hz  ×  0.5  J vs. LoFr–
HiPE at 5 Hz × 2.0 J) and using different stone materials 
(artificial stones made of plaster of Paris vs. BegoStone). 

Figure 3 shows that the short-pulse mode was significantly 
more ablative than the long-pulse mode (p  <  0.0001): 
short-pulse mode ablated 25.0 and 9.9  % more on aver-
age than long-pulse mode at LoFr–HiPE and HiFr–LoPE 
settings, respectively. Additionally, in long-pulse mode, 
LoFr–HiPE settings ablated significantly more than HiFr–
LoPE settings. In that same study, we found harder stone 
material to be more difficult to ablate than softer stone 
material no matter what the pulse duration was, corrobo-
rating our previous studies [26, 32, 33]. Some of these 
relationships have also been verified by other authors such 
as Wezel et al. [27]. 

Debate continues about the fragment size resulting 
from one laser lithotripter setting or another. Some argue 
that low-pulse energy, like HiFr–LoPE settings, produces 
smaller stone fragments (the so-called “dusting effect”) 
than high-pulse energy, such as LoFr–HiPE settings [5, 6, 
34]; however, most of these studies used irregular or hand-
held approaches. By contrast, automated and reproduc-
ible testing systems, similar to the one we use, failed to 
retrieve any measurable fragments in any of the studies to 
date. Fragment size may be less related to laser lithotripter 
settings and more dependent on the surgical technique 
employed, i.e., how the surgeon approaches the stone with 
the laser, and whether the stone is repeatedly perforated, 
chipped, or fragmented, in comparison with worked on at 
the surface, by “dancing” or “painting” it with the laser [35, 
36]. This remains to be investigated. Nevertheless, which-
ever laser lithotripter setting or ablation technique is used, 
surgeons must pay attention to the resulting stone fragment 
size. Numerous large fragments may significantly increase 
the operating time, require the use of an expensive stone-
removal device or of a specific laser lithotripsy technique, 
such as the “popcorn effect,” to reduce the stone burden 
[26, 29].

Fig. 2   Comparison of the results of different lithotripter settings 
using the same total power level (6  W) and the same laser fiber 
(200 µm fiber core). a Uses a high-frequency and low-pulse energy 
(HiFr–LoPE) at 30  Hz  ×  0.2  J, while b employs a low frequency 
using high-pulse energy (LoFr–HiPE) at 5 Hz × 1.2 J

Fig. 3   Comparison of the 
traditional short-pulse mode 
with the recently developed 
long-pulse mode of new laser 
lithotripters (in this case of a 
Rocamed™-MH 01-ROCA FTS 
30 laser lithotripter). Regardless 
of laser settings or stone mate-
rial, the traditional short-pulse 
mode is significantly more abla-
tive than the long-pulse mode
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Laser lithotripter settings also affect retropulsion. Ret-
ropulsion is known to reduce lithotripsy efficacy, increase 
operating time and, sometimes, making ureteral calculi 
inaccessible by pushing them into the renal pelvis [37]. 
Higher pulse energy levels, as well as the traditional 
short-pulse mode, increase retropulsion [37–40]. In situa-
tions where retropulsion needs to be minimized, lowering 
the pulse energy or changing to long-pulse mode would 
decrease the retropulsion effect but would also affect abla-
tion efficiency negatively. When calculi are only slightly 
influenced or completely unaffected by retropulsion, due to 
their size, location, being fixed or impacted, more efficient 
LoFr–HiPE settings can be safely used to accelerate the 
procedure [26].

Laser fibers

The laser fiber also plays a fundamental role in the litho-
tripsy procedure. Several components and properties of the 
laser fiber, such as its diameter, the preparation or shape 
of its tip, or even its degradation, affect the direct abla-
tion of the calculi and the intervening instruments, e.g., the 
ureterorenoscopes.

Contradictory reports have emerged concerning fiber 
diameter and lithotripsy performance, where some authors 

claim that larger-diameter fibers ablate more than smaller-
diameter fibers [38], while others claim that larger fibers 
ablate less than smaller fibers [24]. Some researchers found 
no relationship between fiber size and ablation volume [27, 
40]. Our previous research showed that larger-diameter fib-
ers do indeed create wider ablation fissures (p < 0.00001), 
while smaller-diameter fibers generate deeper ablation 
fissures (p  <  0.00001), but neither surpassed the other in 
terms of ablation volume (p  =  0.81) [26]. There is only 
one particular condition in which large fibers may be less 
ablative, that is, if very low-pulse energies are employed 
(e.g., 0.2 J), the energy density may be too low to exceed 
the ablation threshold. Therefore, a larger-diameter fiber 
with a larger fiber tip surface area may be significantly less 
ablative than a smaller-diameter fiber [26, 39]. In addi-
tion, larger fibers also increase the retropulsion effect when 
compared to smaller fibers [37].

Larger laser fibers have another limitation when consid-
ering the setting that they are most frequently used in, i.e., 
inserted inside the small working channels of ureteroreno-
scopes. Larger laser fibers affect the degree of scope deflec-
tion negatively and limit the range of a flexible scope and 
its ability to reach difficult intrarenal locations, like lower 
calices [4, 41]. Additionally, larger laser fibers inside nar-
row working channels influence irrigation rates negatively, 
which can impair the surgeons’ visualization of structures 
and, therefore, influence operating time [41, 42].

A recent and awarded abstract presentation casted some 
serious doubt on the reliability of the laser fibers’ adver-
tised diameters [43–45]. Multiple laser fibers from different 
manufacturers were measured, and none of the tested fibers 
matched the advertised diameter. Some fibers were more 
than double as thick as advertised, and fibers from differ-
ent manufacturers advertised with the same diameter were 
in fact significantly different. Ambiguous information has 
also arisen from industry representatives of the laser fibers 
that were evaluated; hence, the authors concluded that most 
information conveyed to urologists regarding laser fiber 
diameter may be incorrect [45]. Few authors noticed this 
fiber diameter discrepancy and even less foresaw its severe 
implications [46, 47]. Considering the previously described 
influence that laser fiber diameter exerts on the lithotripsy 
procedure, this misinformation about laser fiber diameter 
has a critical impact.

Similarly to other working tools and materials, laser fib-
ers do also wear off. During laser emission, the laser fiber 
tip degrades because of the “burn-back effect” [46, 48, 49]. 
High-pulse energy and small-diameter laser fibers are also 
known to increase the burn-back of the fiber [48]. During 
our research, we confirmed that high-pulse energy settings 
are more deleterious to the fiber tip than low-pulse energy 
settings. Additionally, we found that harder stone material 
promotes more fiber tip degradation by opacification and 

Fig. 4   Fiber tip degradation using short-pulse or long-pulse mode. 
Both modes show more tip degradation with higher pulse energy set-
tings, and with harder stone material, regardless of lithotripter set-
tings [33]. The long-pulse mode seems to spare the cladding and the 
fiber tip, showing less cladding degradation as well as less fiber tip 
opacification
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Table 1   This overview table shows how changes in one parameter (in red) affect other variables involved in the lithotripsy procedure

Fragment size was not included since to date, no relevant reproducible and continuous lithotripsy studies have been performed that demonstrated 
advantages of using one or another specific parameter in order to obtain smaller stone fragments

n/a not affected, N/K not known, ↑ Increase, ↓Decrease, = comparably the same

* Although increasing stone mass is known to reduce retropulsion [53], to our knowledge, no study has so far evaluated the influence of stone 
composition on retropulsion
†  For comparison purposes, total power was kept constant
‡  At very low-pulse energies, ablation volume might decrease with larger fibers

Fig. 5   Laser light scatter-
ing patterns comparing a newly, 
untouched fiber with a fiber 
cleaved with metal scissors. 
After a short time of laser emis-
sion, both fibers scatter the laser 
light and are almost undistin-
guishable from one another
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burn-back of the fiber tip [33]. When comparing the effect 
of pulse length on the fiber, damage to the laser fiber tip is 
considerably less evident if long-pulse mode is used instead 
of short-pulse mode (Fig. 4) [32].

An overview of the previous laser lithotripter settings 
and laser fiber-related evidence is presented and summa-
rized in Table 1.

Another important issue regarding the laser fiber tip 
concerns its preparation before use. Current practice is to 
cleave the laser fiber tip with specialized tools and strip 
several millimeters from the terminal portion of the poly-
mer coating. This preparation ensures the reusability of 
the laser fiber and prevents any possible performance deg-
radation from previous laser emission, which urologists 
believe results in better lithotripsy performance [48, 50, 
51]. We recently performed a study analyzing the benefits 
of stripping the laser fiber or leaving the laser fiber-coated, 
and compared the difference between cleaving the laser 
fiber with specialized ceramic scissors and using simple 
metal scissors. Results were recently presented [32]  and 
published [33], and showed that stripping the laser fiber 
reduces ablation efficiency significantly (p < 0.00001), and 
no differences were found between metal and specialized 
ceramic scissors, as long as the fiber tip remained coated. 
These startling results raise many doubts about the current 
and widespread practice of laser fiber tip preparation.

One abstract presentation at the 2014 meeting of the 
American Urological Association by Vassantachart et  al. 
[52] examined the energy output at the tip of laser fib-
ers that were prepared with different cleaving techniques. 
The authors showed that energy transmission at the fiber 
tip was best when the fiber tip was new or when special 
cleaving tools were used. The lowest energy transmission 
occurred when suture scissors were used to cleave the laser 
fiber. Unfortunately, this study did not validate the find-
ings of lithotripsy studies using real stones. We performed 
a similar study analyzing laser light dispersion patterns of 
new fibers and fibers prepared with metal (suture) scissors, 
and examined these patterns before and after lithotripsy. 
As expected, and in accordance with our previous experi-
ments, the light dispersion patterns of different fibers after 
lithotripsy were almost undistinguishable from one another 
(Fig.  5), further putting into question the importance of 
specialized and time-consuming fiber tip preparation. 

In summary, there are many controllable factors influenc-
ing the outcome of laser lithotripsy procedures, but some 
are more relevant than others. Pulse energy is one of the 
key elements that affect ablation and procedure speed, espe-
cially if the total power remains at the same level. On the 
contrary, higher power levels and high frequency lithotripsy 
are not necessarily associated with a better ablation perfor-
mance. Recently developed long-pulse settings are signifi-
cantly less ablative than traditional short-pulse lithotripter 

settings, but also cause less fiber tip degradation. So far, no 
reliable study has proven that any particular lithotripter set-
ting is better than another with respect to the avoidance of 
large stone fragment generation. Concerning laser fibers, 
most of the information regarding their advertised diameter 
seems to be incorrect. Although small-diameter fibers ablate 
as much as their large-diameter counterparts, they are more 
prone to fiber tip degradation. However, this disadvantage 
is largely compensated for by better irrigation, better scope 
deflection, and less retropulsion, which lead to less bother-
some procedures with fewer complications. Current fiber 
tip preparation methods, including stripping and cleaving 
with specialized tools, are redundant and sometimes coun-
terproductive, and reduce ablation efficacy. Further research 
using reproducible testing methods is needed to increase our 
understanding of laser lithotripsy.
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