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Abstract We present an overview of current and emerg-
ing lasers for Urology. We begin with an overview of the
Holmium:YAG laser. The Ho:YAG laser is the gold stan-
dard lithotripsy modality for endoscopic lithotripsy, and
compares favorably to standard electrocautery transurethral
resection of the prostate for benign prostatic hyperplasia
(BPH). Available laser technologies currently being studied
include the frequency doubled double-pulse Nd:Yag
(FREDDY) and high-powered potassium-titanyl-phos-
phate (KTP) lasers. The FREDDY laser presents an afford-
able and safe option for intracorporeal lithotripsy, but it
does not fragment all stone compositions, and does not
have soft tissue applications. The high power KTP laser
shows promise in the ablative treatment of BPH. Initial
experiments with the Erbium:YAG laser show it has
improved efficiency of lithotripsy and more precise ablative
and incisional properties compared to Ho:YAG, but the
lack of adequate optical fibers limits its use in Urology.
Thulium:YAG fiber lasers have also demonstrated tissue
ablative and incision properties comparable to Ho:YAG.
Lastly, compact size, portability, and low maintenance
schedules of fiber lasers may allow them to shape the way
lasers are used by urologists in the future.
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Introduction

Since the early 1980s lasers have been the subject of
intense study and clinical research in Urology. Since that
time, various lasers have been used to treat clinical prob-
lems including benign prostate hyperplasia (BPH), urolith-
iasis, stricture disease, ureteropelvic junction (UPJ)
obstruction, skin lesions and urogenital malignancy. As
research in these areas continues to progress, new laser
technologies show promise in Urology. During the last
decade some laser technologies have become established as
standard modalities widely available to urologists, while
others are still under investigation for applications in the
field. We present a summary of the state-of-the-art of laser
technology in clinical research in urology. In addition, we
present an overview of emerging laser technologies, which
may find their way into the urologist’s toolbox in the com-
ing years. It is our belief that the Holmium:YAG laser is the
dominant and reference laser for lithotripsy or BPH treat-
ment. For this reason, we will start our discussion of lasers
with Holmium, and then review other lasers that might
emerge as good alternatives, with possibly even better
outcomes.

Discussion of individual lasers
Holmium: Yttrium-Aluminum-Garnet laser

The Holmium:YAG laser is the most widespread and
versatile of lasers currently available for urologists. Hol-
mium:YAG lasers are produced by a number of manufac-
turers. Most Holmium:YAG lasers marketed to urologists
operate at a wavelength of 2.1 um, with a pulse duration of
350 ps. With these characteristics, Holmium:YAG energy
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is absorbed efficiently in water, implying high safety mar-
gin in the aqueous environment in which urologic endos-
copy is conducted [1]. It is also transmitted efficiently by
low OH-silica fibers, making delivery systems practical for
clinical use. There are acceptable low OH-silica fibers rang-
ing from 150 to 940 um in diameter. The small caliber
fibers permit Holmium:YAG use for flexible ureteroneph-
roscopy. The long pulse (350 ps) also implies lack of
photoacoustical effects. Indeed, the mechanism of litho-
tripsy is photothermal [2]. It is effective in lithotripsy, and
soft tissue ablative procedures. Thus, the Holmium:YAG
laser has been used to treat urinary stone disease [3], BPH
[4-6], and UPJ obstruction [7, 8]. In addition, its applica-
tion in urethral and ureteric stricture disease [9-11] and
malignancy [12, 13] continue to be investigated.

Unlike the Nd:YAG laser (A = 1,064 NM), which lacks
the precision of Holmium:YAG, or the Alexandrite
(A =755) and pulsed dye (A = 540 nm) lasers, which lacks
its ability to treat all stone compositions, the Holmium laser
is superior in the endoscopic treatment of urolithiasis. Most
ureteroscopy series report a stone free rate greater than 95%
with one procedure [3, 14-17]. Its effectiveness in renal cal-
culi is more limited [3, 18, 19], especially for lower pole
stones larger than 1 cm [20]. Currently, its main drawback
is its potential capacity for collateral soft tissue damage
(and thus requirement for direct visualization), long litho-
tripsy times for certain stone compositions, and some tech-
nical challenges posed by stone retropulsion [21-23].

Holmium is a useful tool for tissue incision and ablation
in the treatment of urological disease. In the treatment of
urethral stricture disease, post radical retropubic prostatec-
tomy anastamotic strictures [24] and pediatric urethral atre-
sia [25], several small studies have shown its safety and
efficacy. Most procedures are relatively free of complica-
tions and can be done on an outpatient basis. However,
comparative studies have indicated it is no better than direct
vision internal urethrotomy with a cold knife in terms of
short and long-term outcomes. Retrograde laser endopyel-
otomy is safe and effective as a minimally invasive, first
line treatment. A retrospective review showed 83% success
when Ho:YAG endopyelotomy was combined with intralu-
minal ultrasound in 23 patients with UPJ obstruction. Of
the four primary failures, 50% improved with repeat laser
endopyelotomy [7]. A recent randomized controlled trial
comparing Accucise™ balloon endopyelotomy with
Ho:YAG endopyelotomy showed fewer complications and
better success rates in the laser arm, but the differences
were not statistically significant [26]. This data suggest that
laser endopyelotomy is likely equivalent, and possibly
superior to Accucise™ balloon endopyelotomy. These
results for UPJO must be tempered with the knowledge that
laparoscopic pyeloplasty has largely supplanted uretero-
scopic UPJ endopyelotomy. The need for a laser to effect an
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endopyelotomy in this setting is likely to remain limited
[27-31].

Holmium:YAG has emerged as a viable alternative to
electrocautery TURP in treatment of symptomatic BPH.
The two notable techniques are Holmium laser resection of
the prostate (HoLRP) and Holmium laser enucleation of the
prostate (HoLEP). Controlled trials have shown HoLEP to
be equivalent to TURP for BPH while also showing
decreased hospital stay, decreased catheterization time,
fewer adverse effects, and greater amounts of tissue resec-
tion both in the short term and, with followup in up to
4 years [4-6]. It has also been favorably compared to sim-
ple prostatectomy for large glands with similar improve-
ment of flow rate, hospital length of stay, blood loss,
catheterization time, transfusion and complications [32,
33]. Theoretically, the hemostatic properties of the hol-
mium laser should allow HoLEP or HOLRP to be done even
in anticoagulated patients. A recent study suggests that
HoLEP in anticoagulated patients is safe and effective with
a transfusion rate of 14% in the patients on full anticoagula-
tion undergoing HoLEP [34]. This figure compares to 30%
transfusion rate for patients undergoing TURP without
withdrawal of anticoagulation [35]. The major limitation in
HoLERP is the steep learning curve required to master it. A
study of self-taught practitioners showed a learning curve
of at least 50 cases [36]. As the procedure continues to be
disseminated, the urologist’s familiarity and proficiency
with it should increase.

Potassium-Titanyl-Phosphate (KTP) laser

The KTP or “green light” laser (A = 840 nm) was originally
introduced in treatment for BPH in the early 1990s. How-
ever, these underpowered lasers did not prove themselves
effective for this application [37-39]. Recently, higher
powered, 80 W, 532 nm rapid pulse versions of the KTP
laser have been studied as an alternative in ablative therapy
for BPH. KTP vaporization of the prostate has several
advantages. First, the technique is similar to TURP and thus
familiar and easy to learn for urologists. Second, the
532 nm wavelength of current laser models is close to the
peak absorption of hemoglobin, allowing excellent hemo-
stasis and transmission through water. Lastly, high power
KTP lasers produce only 1-2 mm of coagulation zone for
safe vaporization [40, 41]. Although long-term data are
lacking, short-term data are promising. Several studies
show improved symptoms and peak flow rates with mini-
mal intra-operative blood loss [40, 42, 43]. In a study of
139 men undergoing photoselective vaporization of the
prostate with a high power KTP laser with 1 year follow up,
Te et al. [40] reported improvements in symptom scores,
residual volume, quality of life, and maximum flow rates. A
randomized controlled trial of 150 men with obstructive
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voiding showed KTP laser vaporization and TURP equiva-
lent in terms of flow rate and symptom control. The mor-
bidity associated with the KTP laser was less than with
TURP [44]. KTP laser prostate ablation can be done as
same day surgery with no requirement for catheter drainage
in select patients [45, 46]. Some potential drawbacks are
irritative voiding symptoms and hematuria. In addition,
long operative times for large glands may limit the practi-
cality of this technique [42], although Te et al. [40] showed
a mean operative time of 39 min. Lastly, long term data and
further randomized studies comparing KTP vaporization of
the prostate to TURP or HoLEP are wanting. Overall, pre-
liminary data for high power KTP laser ablation of the
prostate seem encouraging, but optimism is tempered by
the fact that previously studied vaporization techniques
have not endured.

KTP lasers have also been studied in the treatment of
urethral stricture disease. Schmidlin et al. [47] performed a
prospective study of 20 patients using the KTP laser to treat
a variety of urethral strictures with reasonable short-term
outcomes. Eighty-one percentage had symptomatic and
urodynamic success at 3 and 6 months with only one of
three failures requiring re-treatment [47]. Still, further stud-
ies and long-term data are lacking, and like the holmium
laser, it is unlikely this will supplant internal urethrotomy
for the time being.

Frequency doubled double-pulse Nd:Yag (FREDDY) laser

One of the first laser systems to be used in the treatment of
urinary stone disease was the pulsed dye laser that had a
short pulse duration and fragmented stones via a photoa-
coustic mechanism. This laser had the advantage of less
collateral tissue damage during lithotripsy, reducing the
reliance on direct visualization. However, its failure to frag-
ment calcium oxalate monohydrate, cystine, and brushite
stones led to its abandonment for other lasers. The
FREDDY laser operates via a similar photoacoustic mecha-
nism, which is safe for tissues, but does so at a significant
cost savings compared to Holmium. By incorporating a
KTP crystal into the resonator of a Nd:YAG laser, the
FREDDY laser produces two pulses, one at 532 nm and
another at 1,064 nm, simultaneously. Laser light at 532 nm
(green spectrum) initiates plasma formation at the stone
surface, while light at a wavelength of 1,064 nm heats the
preformed plasma, causing expansion and contraction,
which fragments calculi, using pulse durations of 0.3-
1.5 ps [48-50].

In vitro experiments show the FREDDY laser capable of
lithotripsy and animal model studies show little to no effect
on normal tissues [51-53]. One human in vivo study of
FREDDY laser effects on ureteric urothelium pre-cystec-
tomy showed only minimal edema after 300 pulses of

120 mJ each [54]. When compared with other lasers, 2,000
pulses of the FREDDY laser failed to perforate human ure-
teric tissue ex vivo, while Ho:YAG lasers required an aver-
age of only two pulses [55]. Although Holmium seems to
be “dangerous” in these experiments, it is important to note
that the experiments were conducted with the laser fiber
oriented at a right angle to the ureteral mucosa and in con-
tact, whereas in clinical circumstances, the laser fiber is
generally in the direction of the ureteral lumen (oriented paral-
lel to mucosa) and not in contact. Clinical experience shows
the perforation rate from Ho:YAG use is low [3, 14, 56].

A study of 50 patients using FREDDY laser lithotripsy
showed overall 95% immediate stone free rates in treatment
of ureteral calculi with no complications [57]. Stark et al.
[58] showed an 87% combined stone free rate for kidney,
ureteric and bladder stones, with no complications. A study
of 21 patients showed 100% stone free rates in kidney and
ureteric stones, but a 57% stone free rate for bladders
stones using the laser [54]. Of interest, the theoretical risk
due to absorption of hemoglobin at 532 nm did not prove to
be clinically relevant. This high safety margin is likely due
to the low total energy of 20 mJ emitted at 532 nm [50].

The FREDDY laser was approved by the FDA in
November of 2001. Unfortunately, several studies have
shown the FREDDY laser ineffective in the treatment of
“hard” urinary calculi, such as those for which the pulsed
dye laser was also ineffective [59, 60]. Even so, its low cost,
and intrinsic safety to soft tissues make it a reasonable
alternative in the treatment of calcium phosphate stones,
especially in clinical situations where visualization is limited.

Erbium:YAG laser

The Erbium:YAG laser has already been used clinically in
dentistry, otolaryngology, and ophthalmology [61-65]. Its
use in urology is still under investigation, but several of its
properties make it a viable alternative to the Ho:YAG laser.

Free electron laser experiments showing that urinary cal-
culi absorb energy maximally at 2.9 pm led to the conclu-
sion that Er:YAG (A =2.90-2.94 ym) may be more
effective than Ho:YAG in treating urolithiasis [66]. Further
studies showed that the Er:YAG laser (pulse duration
275 us) fragments stones by a photothermal mechanism
and has vapor bubble dynamics similar to Ho:YAG lasers.
Like Holmium, Erbium produces minimal acoustic tran-
sients [67]. In vitro experiments comparing Erbium and
Holmium laser lithotripsy showed that Er:YAG lasers frag-
mented stones three to five times more efficiently than a
Ho:YAG laser. This efficiency applied both to calcium oxa-
late monohydrate and cystine stones [68]. Erbium lasers
produce a smoother, deeper ablation crater as compared to
Holmium lasers which translates to a larger volume of
stone ablated, and greater efficiency of the erbium laser

@ Springer



230

World J Urol (2007) 25:227-233

[69]. Although the vapor bubble dynamics between these
lasers are similar, the vapor bubble geometry produced by
the Er:YAG laser is torpedo shaped, as compared to the
pear shaped bubble of the Ho:Yag laser, which may
improve erbium energy transmission and, ultimately, abla-
tion efficiency [65].

Due to its increased precision and efficiency, the
Er:YAG laser is under study as a tool to treat ureteric and
urethral strictures. The Er:YAG laser produces more
efficient and precise incisions than the Ho:YAG laser [70].
In animal ureteric experiments, the Er:YAG and Chro-
mium-Thulium-Erbium:YAG lasers produce less deep tis-
sue damage than Chromium-Thulium-Holmium:YAG
lasers [71]. In vivo experiments on animal urethra and blad-
der neck show that Er:YAG lasers produce less collateral
damage, granulation tissue, and incision depth at 14 days
than Ho:YAG lasers [72]. However, holmium showed
improved hemostasis over erbium post soft tissue incision.
Although hemostatic property has implications for prostatic
ablation or resection, hemostasis could be affected by defo-
cusing the erbium laser. Further studies are needed.

Erbium lasers have yet to find practical use in urology
chiefly due to the lack of clinically useful laser fibers. Low
OH-silica fibers used in current holmium lasers absorb sig-
nificant energy during erbium laser operation, especially at
their input ends. This can lead to thermal degradation to the
fiber, and damage to the laser. Fluoride fibers have been
used successfully, but these fibers tend to be brittle and
have a hygroscopic structure. Single crystal sapphire fibers
allow low energy losses, but only at power outputs of less
than 200 mJ. In addition, their cost is prohibitive and they
risk damage at their output ends due to high peak energy
densities. Lastly, sapphire fibers small enough for current
urological endoscopes are not, as yet, commercially avail-
able [68]. Hybrid fibers consisting of germanium oxide
fibers with silica tips have shown some promise, but are
still under development [73]. Another alternative fiber cur-
rently being studied is a hollow silica fiber. Initial studies
showed good strength and flexibility and the ability to
transmit radiation sufficient to fragment a urinary calculus
[74]. However, these fibers produce hot spots and irregular
craters. The viability of the Erbium laser will largely
depend on the development of suitable fiber technology.

Thulium lasers

Thulium lasers (A =2 pm) have been studied clinically in
otolaryngology [75], ophthalmology [76, 77], and neurol-
ogy [78]. Like other mid infrared lasers, Thulium lasers
operate at wavelengths close to the peak absorption of
water, making them a logical choice for soft and hard tissue
ablation. When combined with fiber laser technology, thu-
lium lasers may prove valuable in the treatment of urologi-
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cal disease. A fiber laser utilizes the fiber itself, usually
doped with a rare earth metal such as thulium, as the ampli-
fication medium, and is pumped by a diode laser. This setup
has numerous advantages. Fiber lasers have an excellent
spatial beam quality compared to Ho:YAG lasers and pre-
cise tissue incision capabilities. Since they are diode
pumped, they have the ability to operate in short (Q-
switched) or long pulse mode, suggesting more versatility
for applications in lithotripsy and tissue ablation. In addi-
tion, these lasers feature tunable wavelength technology,
allowing adjustment of laser output for differential tissue
incision depth, and to more closely match the peak absorp-
tion of water, the latter increasing soft tissue safety. The
lack of airspaces in the laser construction increases laser
efficiency and allows for decreased size and weight of the
apparatus itself. These lasers are small and portable, with-
out the need for a water-cooling system, and require mini-
mal maintenance. It raises the possibility of any urologist
carrying their laser in their briefcase and taking it to any
operating room, and plugging the fiber into the wall and
treating stones or soft tissue. The practical implications are
obvious.

Animal studies of hard and soft tissue laser ablation with
the Thulium:YAG laser show promise. Thiesen et al. [79]
demonstrated the tissue cutting ability of a Th:YAG laser
on pig liver with coagulation zones of 0.8 mm or less. In
another study, a Th:YAG fiber laser could effectively ablate
soft tissue in vitro, including muscle, cartilage and liver
[80]. Accuracy, energy efficiency, and minimal collateral
damage were seen with the laser in Q-switch mode versus
continuous wave (CW) mode. In fact, zones of collateral
damage were six times less during Q-switch mode versus
CW mode [80]. This concern has negative implications for
the Th:YAG laser’s applicability to lithotripsy, since oper-
ating in Q-switch mode causes more retropulsion and
decreases fragmentation efficiency [81].

In vitro studies of Thulium fiber laser lithotripsy show it
fragments both hard (calcium oxalate monohydrate) and
soft (uric acid) urinary calculi. However, at settings used in
these studies, the fragmentation efficiency was inferior to
published data on Ho:YAG lasers and FREDDY lasers for
uric acid stones. Additional findings were the charring of
the laser fiber tip, damage to the fiber tip after lithotripsy
and requirement to re-cleave tips to complete experiments
[82]. If fibers char, and need to be re-cleaved intra-opera-
tively, this laser system will likely not show any advantage
over Holmium.

A recent study described Th:YAG laser ablation of
canine prostate, urethra and bladder neck. Tissue was
vaporized at a rate of 0.21 % 0.02 g/min with thermal coag-
ulation zones of 500-2,000 pm, suggesting potential for
hemostasis. Incisions in the urethra produced coagulation
zones of 400-600 pum [83]. These coagulation depths are
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comparable to those produced by Ho:YAG lasers [84]. The
authors argue that a higher power laser could be used to
deliver more energy in a shorter pulse duration, thus reduc-
ing collateral tissue damage and better efficiency. The Thu-
lium lasers used in these experiments, however, were not
powered high enough to make efficient and accurate inci-
sion and ablation clinically feasible without fiber degrada-
tion or unacceptable collateral tissue damage [83].

As higher powered models become available, studies are
being conducted to further assess higher powered thulium
lasers in prostate ablation. Further canine prostate ablation
studies using a higher power 110 W Thulium laser pro-
vided ablation rates of 0.83 £0.11 g/min with 500-
2,000 pm coagulation zones [85]. A clinical study revealed
that Thulium laser prostate resection is safe and effective. A
50 W 2.01 pm Thulium laser was used to resect the prostate
glands of 30 men. The authors cited minimal blood loss, 1—
3 days of catheterization, with acceptable post op labora-
tory values, improved International Prostate Symptom
(IPSS) scores and maximum flow rates, and no new cases
of impotence or retrograde ejaculation [86]. Initial results
are promising, but further clinical studies are needed to
assess long-term outcomes, equivalency to currently avail-
able technology, and cost effectiveness. A commercial Thu-
lium laser (RevoLix™) has recently become available and
published data are awaited.

Conclusions

While the use of lasers in urology is already widespread,
refinements to existing technology and new innovations
will undoubtedly increase the role of lasers in the specialty.
We are likely to see the well-established Ho:YAG laser to
continue to be used in lithotripsy and prostate resection and
enuceation. Other currently available technologies like the
high power KTP laser will continue to be used, but their
permanence in the practice of urology depends on awaited
long-term data. Currently, high-powered KTP lasers are
being used on a large scale, but further refinements in lasers
and parameters are likely as clinical and research experi-
ence increases. The FREDDY laser may prove useful for
some urolithiasis applications, particularly impacted stones,
or stones in parts of the upper tract where visualization is
limited. Its main attractive feature is it costs less than Hol-
mium. Like other short pulse laser counterparts, the limita-
tions of FREDDY include inability to fragment some stone
compositions and lack of soft tissue ablation. The increased
lithotripsy efficiency of the Er:YAG laser, combined with
its accurate incisional and ablative properties will likely
make it a candidate for the treatment of urolithiasis and
genitourinary stricture disease when suitable laser fibers
can be found. As the technology matures, Th:YAG fiber

lasers are likely to find broad utility in urology. Their tun-
able wavelength and superior incision, ablation and hemo-
stasis properties will make them as powerful and versatile
as the Ho:YAG laser in urinary stone and soft tissue dis-
ease, with some minor advancements in commercially
available models. Lastly, fiber laser technology has the
potential to make the large, heavy laser setups of today
obsolete, allowing urologists to carry the lasers of their
choice to multiple sites.
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