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Abstract
Endoscopic management via retrograde ureteroscopic laser ablation of upper tract urothelial carcinoma (UTUC) has become the pre-
ferred treatment modality for low-risk tumors. The most popular ablative lasers over the past 15–20 years have been the holmium:
yttrium-aluminum-garnet (Ho:YAG) and neodymium (Nd:YAG) lasers, but recently the thulium (Th:YAG) laser has emerged as a potential
alternative. This review compares the mechanism of action, physiological properties and effects, and oncologic outcomes of Ho:YAG/
Nd:YAG lasers versus the Th:YAG laser for UTUC treatment. Potential advantages of the Th:YAG laser over existing technologies are
outlined, followed by a discussion of emerging laser technologies in UTUC management.

Keywords: Endoscopic management; Holmium laser; Laser ablation; Thulium laser; Upper tract urothelial carcinoma
1. Introduction

Upper tract urothelial carcinoma (UTUC) is a relatively rare uro-
logical cancer that comprises 5%–10% of urothelial tumors, with
an incidence of 1–2 per 100,000 person-years.[1–4] Traditionally,
the criterion standard treatment for UTUC has been radical
nephroureterectomy (RNU) of the affected kidney and ureter.[1]

However, over the past 2 decades, kidney-sparing endoscopic
management of UTUC has gained acceptance, as it offers preserva-
tion of ipsilateral renal function.

The European Association of Urology (EAU) guidelines on
UTUC outline which patients may be recommended for endo-
scopic management. Only low-risk patients are eligible for elective
kidney-sparing treatment, with low-risk being defined as the follow-
ing: (1) unifocal tumor, (2) tumor size less than 2 cm, (3) low-grade
cytology, (4) low-grade ureteroscopic biopsy, and (5) no invasive
features on CT urography. Patients with imperative indications for
kidney-sparing treatment (eg, patients with a solitary kidney or
chronic kidney disease) may also be offered endoscopic manage-
ment. All other patients are recommended to receive RNU.[1] Rig-
orous follow-up surveillance is also required after endoscopicman-
agement, due to high rates of tumor recurrence.[5–9] For patients
treated endoscopically, cystoscopy, ureteroscopy, and CT urogra-
phy are recommended at 3 and 6 months postoperatively and then
yearly for 5 years.[1] Although the EAU guidelines define low-risk
patients as those with tumors less than 2 cm, Scotland et al.[10] re-
ported generally favorable oncologic outcomes in a long-term study
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of patients with tumors of 2 cm or greater treated endoscopically,
suggesting that endoscopic treatment could be appropriate even
for large tumors. However, recurrence was very high, with only a
10% recurrence-free survival (RFS) rate and a mean time to recur-
rence of 4.9 months.[10]

Options for endoscopic management include transurethral ret-
rograde access with ureteroscopy, biopsy, and laser ablation or per-
cutaneous antegrade access with resection and fulguration. The most
widely adopted technique for endoscopic treatment is ureteroscopy
with tumor laser ablation. This technique was first developed using
electrocautery but has evolved to incorporate the much more effi-
cient holmium:yttrium-aluminum-garnet (Ho:YAG) and neodym-
ium:yttrium-aluminum-garnet (Nd:YAG) lasers. These lasers enable
superior operative control over thermal cautery, hemostasis, inci-
sion, and ablation. Consequently, Ho:YAG and Nd:YAG lasers
have become the standard for endoscopic treatment of UTUC over
the past 20 years.[7–9] Recently, the thulium:yttrium-aluminum-garnet
(Th:YAG) laser has risen in popularity as an alternative to Ho:YAG/
Nd:YAG lasers.[11,12] Several retrospective single- and multi-institution
studies have been published on the Th:YAG laser over the past few
years, but there is a relative paucity of comparative studies. This review
presents an overview of current laser therapy options for endoscopic
treatment of UTUC. Furthermore, we explore the mechanisms and on-
cologic outcomes of standardHo:YAG/Nd:YAG lasers and the new al-
ternative Th:YAG laser, as well as future laser technologies thatmay be
applied to endoscopic UTUCmanagement.
2. Discussion of endoscopic lasers

2.1. Holmium and Neodymium lasers
2.1.1. Mechanism of action Holmium and neodymium lasers,
produced from different materials, offer distinctive laser characteristics
and are often used in conjunction with one another. Both lasers
continue to enjoy widespread clinical use, Ho:YAG having been
developed more recently and Nd:YAG considered its predecessor.
Nd:YAG is a solid-state laser that offers the following 4 wavelength
options: 946, 1064, 1318, and 1444 nm. It operates in continuous
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and pulsatile modes and reaches a depth of penetration of 3–6 mm in
soft tissue.[9,13] The holmium laser Ho:YAG, also a solid-state laser,
emits a wavelength of 2120 nm. It only operates in pulstatile mode,
with a much shallower depth of penetration of 0.5 mm. The different
depths of tissue penetration allow for different advantageous uses of
each laser. Nd:YAG may be used for deeper coagulation and
debulking of larger or vascular tumors, whereas Ho:YAG may be
preferred for ablation of surface papillary tumors when penetration
into deeper tissues is not desirable.[9,14]

Because of Nd:YAG’s deeper depth of penetration, it confers an
increased risk of ureteral stricture or perforation and therefore
should be avoided for ureteral tumors.[14,15] Nd:YAG does not re-
quire direct tissue contact for tissue ablation. Recommended laser
settings are 20–30 W of power for 2–3 seconds for a 200- to
600-μm diameter fiber.[9,14] Ho:YAG forms a vapor bubble at
the tip of the laser that transmits a large amount of energy to the
cells it contacts by quickly increasing the temperature of the sur-
rounding tissue and causing vaporization of intracellular fluid.
This mechanism of action requires the Ho:YAG laser to directly
contact the tissue for ablation. Although its shallow depth of abla-
tion can allow for better visualization of the target tissue and a
more focused ablative area, direct contact can result in tissue ad-
herence to the laser tip, whichmay impair visualization and require
intraoperative interruptions for fiber cleaning. Recommended laser
settings for Ho:YAG are 0.6–1.0 J per laser pulse at a repetition rate
of 5–10 Hz.[9,14,15] While Ho:YAG has a much shallower depth of
penetration and may be used in conjunction with Nd:YAG for most
efficient tumor ablation, its more focused ablative target tissue area
may be desired by some clinicians. Ho:YAG may be used alone to
debulk and ablate larger tumors via a staged or sequential ablation
pattern. This can be done with repetitive ablation during the same
operation or subsequent operations to remove the entire tumor.
2.1.2. Oncologic outcomes with Ho:YAG/Nd:YAG The Ho:
YAG/Nd:YAG laser has been the standard laser used for
endoscopic management of UTUC since the 1990s.[14,16,17] This
comes with good reason, as the laser has shown itself to be easy to
use and has yielded favorable oncologic and surgical outcomes. A
meta-analysis comparing UTUC patients managed with endoscopic
treatment versus RNU indicated no significant difference in
cancer-specific survival (CSS) at 5 or 10 years of follow-up in
appropriately selected patients. It is important to note, however, that
all included studies were cohort studies, introducing potential
selection bias, and there was in fact decreased CSS for patients
receiving endoscopic treatment for high-grade UTUC. Rates of
subsequent RNU therapy varied between 16.7% for low-grade
tumors and 28.6% for high-grade tumors. [18] Systematic reviews of
oncological outcomes for low-risk patients undergoing endoscopic
treatment with the holmium laser have generally found consistently
encouraging results. Outcomes reported in systematic reviews are
Table 1

Oncologic outcomes reported in systematic reviews of endoscopic treatment of UTU

Authors
Year of
publication Follow-up time, mo

Upper tract
recurrence rate, %

Bader et al.[14] 2009 NR 14–44
Adamis et al.[19] 2011 NR 29–74
Park and Jeon[8] 2013 20–53 25–90
Verges et al.[7] 2017 19–73 23–90
Petros et al.[9] 2018 24–58 65

Values in the table were the ranges of values reported in the review articles.[7–9,14,19]

CSS = cancer-specific survival; NR = not reported; OS = overall survival; RNU = radical nephroureterectomy
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summarized in Table 1. Overall survival (OS) ranged from 35% to
100% and CSS from 47% to 100%, although CSS was generally
between 80% and 100% for the studies included.[7–9,14,19,20]

Upper-tract recurrence rates were highly variable, with rates ranging
between 14% and 77%, with 0%–36% requiring RNU.[8,9,14,20,21]

Reported intraoperative or postoperative complications were
typically mild. Ureteral perforation rates ranged between 0% and
10% and ureteral stricture rates between 5% and 14%, although
strictures could also be caused by recurrent disease and not
necessarily as a result of surgery.[8,9,14,19,21] Other than the previously
mentioned reviews, a recent long-term retrospective outcomes study
by Scotland et al.[22] followed 168 low- and high-grade patients
treated endoscopically with a mean follow-up of 5.53 years. At 5
years, OS was 80.89%, CSS was 92.57%, and 74.79% of patients
had at least one recurrence with a grade progression-free survival rate
of 75.18%. The rate of complications was only 7.14%, with only 1
ureteral stricture.[22] Although recurrence rates for endoscopic
management with Ho:YAG/Nd:YAG laser can be high, overall
oncologic outcomes are excellent, and RNU can be avoided in most
patients eligible for initial endoscopic management.

2.2. Thulium laser
2.2.1. Mechanism of action The thulium laser has several
mechanical properties that make it a viable alternative to Ho:
YAG and may provide potential advantages over its predecessor.
Th:YAG operates at a wavelength of 1940–2013 nm, closer to
the peak absorption point of water (Fig. 1).[12,23] Water is the
primary chromophore, and as such, tissue ablation is mediated
by vapor bubble contact, which allows for more efficient tissue
ablation and coagulation at a very shallow depth. The depth of
tissue penetration using Th:YAG is even shallower than that of
Ho:YAG, with a depth of only 0.2–0.4 mm as compared with
0.5 mm.[12,24] This shallower depth of penetration decreases the
thermal damage zone, which in turn may reduce postoperative
complications such as ureteral stricture or perforation due to
iatrogenic trauma to the adjacent urothelium.
Th:YAG is a diode laser, which allows for both pulsatile and

continuous emission. While the pulsatile mode may be preferred
for tissue ablation or resection, the continuous mode can provide
stronger hemostatic potential and coagulation, as oxyhemoglobin
requires a longer time to absorb laser wavelengths.[25] The contin-
uous laser may also improve the precision of ablation over the pul-
satile mode, as it forms smaller microbubbles at the tip of the laser.
This in turn reduces fiber vibration, which can be a complicating
factor during pulsed firing, and helps maintain a more predictable
coagulation area during laser operation.[12,24,26] Because of the
confined operating space in the upper urinary tract and the diffi-
culty of visualization through ureteroscopy, any intraoperative
complications that impair visualization can make the endoscopic
C with Ho:YAG or Nd:YAG laser ablation.

Bladder recurrence
rate, %

Requiring
RNU, % CSS, % OS, %

Renal salvage
rate, %

25–36 NR NR NR 78–81
35–40 NR 86–100 NR 78–81
15–53 0–28 82–100 45–100 NR
43 17–36 47–100 NR 64–83
44 0–33 70–100 35–100 NR

; UTUC = upper tract urothelial carcinoma.



Figure 1. Absorptive capacity of liquid water at room temperature (22°C) for varying wavelengths. Figure reproduced with permission from Traxler and Keller.World J
Urol, 2020, under the terms of the Creative Commons Attribution CC BY 4.0 International License (http://creativecommons.org/licenses/by/4.0/)[23]
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surgery much more difficult. Improvements in visualization through
reduced bleeding or fiber vibrationwould considerably enhance sur-
gical technique. The improved hemostatic ability of the continuous
firing mode may be one of the strongest potential advantages of
Th:YAGoverHo:YAG. It is important to note, however, that hemo-
stasis with Th:YAG has not been directly compared with Ho:YAG
in vivo for UTUC. However, in an early study by Defidio et al.[12]

investigating the use of Th:YAG for UTUC treatment, the participat-
ing surgeons, who were experienced with both Th:YAG and Ho:
YAG, rated the Th:YAG higher on fiber tip stability, precision,
and reduced bleeding. In an ex vivo study using porcine kidneys,
Proietti et al.[24] found an increased coagulative area at the laser
tip for Th:YAG over Ho:YAG. These findings do offer some evi-
dence for improved hemostatic potential, which combined with its
shallow depth of penetration make Th:YAG an ideal candidate for
procedures involving the kidney and ureter. Further studies investi-
gating the physiologic effects of its use in the genitourinary system
are warranted. A comparison of the properties of the three major la-
sers used in UTUC laser ablation is displayed in Table 2.
2.2.2. Incision shape for holmium versus thulium lasers The
option of continuous laser emission with Th:YAG, as opposed to
pulsed laser emission, may also offer an advantage over Ho:YAG
in terms of incision precision. The Ho:YAG laser is limited to only
pulsed laser emission. The laser emits a burst of energy, often at a
power of 2–10 kW, for a period of less than 1 millisecond. This is
followed by a pause between laser emissions that can be 20–100 times
Table 2

Properties of lasers used for UTUC laser ablation.

Continuous versus
pulsed emission Fiber diameter, μm Wavelength, nm

Neodymium laser Continuous 200–600 946, 1064, 1318, 1444
Holmium laser Pulsed 200, 272, 365, 600 2120
Thulium laser Continuous or pulsed 272, 365 1940–2013

UTUC = upper tract urothelial carcinoma;

64
longer than that of the actual laser emission. The exact duration of
the pause depends on the frequency settings for the laser. This setting,
while effective for tissue or stone lithotripsy, may cause microfractures
in soft tissue, which can result in irregular incision shapes. This is
likely a consequence of the explosive nature of pulsed laser emissions
and corresponding heat dissipation to surrounding tissue.[24,27]

In contrast, the Th:YAG laser offers both pulsed and continu-
ous emission settings. Continuous emission allows for a more pre-
cise cut that generates a shallower andmore regular incision shape.
In addition, the power of the laser may be much lower than that of
the Ho:YAG laser, which is typically set approximately 15 W for
UTUC ablation.[12,28] These features contribute to Th:YAG being
less efficient than Ho:YAG for stone lithotripsy but conversely may
make it more effective for soft tissue ablation.[27]

Because of these mechanistic differences, Ho:YAG and Th:YAG
produce incisions of different shapes and depths. An ex vivo study
by Proietti et al.[24] of incisional characteristics and coagulative
properties of Th:YAGversusHo:YAG lasers using porcine kidneys
and urothelium found that Ho:YAG resulted in deeper incisions
(0.458 ± 0.194 vs. 0.346 ± 0.120 mm), but Th:YAG resulted in
larger coagulative area (0.066 ± 0.035 vs. 0.125 ± 0.020 mm2)
and total laser area (0.125 ± 0.055 vs. 0.264 ± 0.146 mm2;
Table 3). The shallower incision depth of Th:YAG may allow for
more precise removal of superficial tumors in the ureters, where
vascular structures can begin at a depth of 0.4 mm.[24] The shape
of incisionsmade using each laser also clearly differedwhen viewed
Depth of penetration, mm
Recommended
power settings Preferred sites for use

3–6 20–30 W Renal pelvis
0.5 0.6–1.0 J/pulse at 5–10 Hz Renal pelvis; Ureter
0.2–0.4 10–20 W Renal pelvis; Ureter

http://http://creativecommons.org/licenses/by/4.0/


Table 3

Incision depth, vaporization area, coagulation area, and total laser area for Th:
YAG versus Ho:YAG lasers upon porcine renal urothelium ex vivo.

Th:YAG Ho:YAG p

Power, mean ± SD, W 15.21 ± 8.61 14.65 ± 7.79 0.930
ID, mean ± SD, mm 0.346 ± 0.120 0.458 ± 0.194 0.024*
VA, mean ± SD, mm2 0.070 ± 0.45 0.066 ± 0.46 0.572
CA, mean ± SD, mm2 0.123 ± 0.020 0.066 ± 0.035 0.001*
TLA, mean ± SD, mm2 0.264 ± 0.146 0.125 ± 0.055 0.005*

CA = coagulation area; ID = incision depth; TLA = total laser area; VA = vaporization area.
*p < 0.05.
Table reproduced with permission from Proietti et al.[24]
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under light microscopy. Incisions made using Ho:YAG were de-
scribed as irregular, triangular, or saccular, whereas incisionsmade
using Th:YAG were described as more regular (Fig. 2).[24]

In a similar study, Huusmann et al.[29] compared incision depths
and coagulation zones of pulsed Ho:YAG versus pulsed Th:YAG
versus continuous Th:YAG at various power levels in porcine kid-
neys. Results were comparable with those of Proietti et al.,[24] with
deeper incisions for pulsed Ho:YAG versus pulsed Th:YAG at all
tested power levels (5, 40, 80 W) and deeper zones of necrotic tis-
sue for Ho:YAG at lower power levels. Continuous Th:YAG did
not demonstrate any significant depth of incision at 5 W and re-
sulted in the shallowest incision depth and zone of necrotic tissue
at 40 W. Moreover, subjective observations found that Th:YAG
made a much smoother cut than Ho:YAG, and pulsed Th:YAG
resulted in less scarring than continuous emission.[29] These find-
ings indicate that pulsed Th:YAGmay offer the benefit of minimal
tissue trauma while maintaining sufficient depth for tumor abla-
tion. Given the limited anatomic working space of the upper tract,
a more regularly shaped shallower incision allows for greater pro-
cedural control and could reduce the risk of excess tissue loss and
operative complications.
2.2.3. Oncologic outcomes with the thulium laser As the Th:
YAG laser was developed more recently than the Ho:YAG and
Nd:YAG lasers, fewer studies have been published documenting
Figure 2. An example of the incisional shapes produced by of Th:YAG and Ho:YAG on
long pulse, respectively. In the picture, ID, VA, and CA are shown. TLA = VA + CA. O
permission from Proietti et al.[24] CA = coagulation area; ID = incision depth; LE = lat
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clinical outcomes with the use of this laser. There has not yet
been a prospective comparison study between Ho:YAG/Nd:YAG
and Th:YAG lasers, due in part to the relatively low incidence of
UTUC and guidelines advocating endoscopic management for
only low-risk patients or patients for whom renal preservation is
imperative. However, the few published studies available have
demonstrated positive results with the use of the thulium laser.
Oncologic outcomes data from retrospective studies support the

use of the thulium laser as a viable laser for the ablation of UTUC,
as summarized in Table 4. In a retrospective cohort comparison of
Th:YAG treatment versus RNU by Wen et al.,[30] laser treatment
was associated with shorter hospitalization and lower creatinine
levels on postoperative day one. However, relative recurrence rates
were 21.9% versus 7.8%, and median follow-up was unspeci-
fied.[30] Defidio and colleagues[31] conducted a study of 101 patients
treated with a dual thulium:holmium laser. At a median follow-up
time of 18 months, 69.3% of patients were recurrence-free, 21.8%
required subsequent endoscopic treatment, and 8.9% required even-
tual RNU, with an intention-to-treat kidney preservation rate of
91%. The kidney preservation rate among patients with imperative
indications for kidney-sparing surgery (such as solitary kidney or
poor global renal function among both kidneys) was also high at
87.5%. Recurrence-free survival was longer in patients without im-
perative indications for kidney-sparing surgery than those with im-
perative indications (33.17 vs. 26.87 months), which the authors
attributed to a higher percentage of patients with high-grade tumors
in the imperative versus the nonimperative group. No intraoperative
or postoperative complications above Clavien-Dindo grade I were
reported.[31] Musi et al.[26] conducted a prospective study with 42
patients that found similarly encouraging results. Median RFS was
44 months, 19% required subsequent ablative treatment, only
9.5% of patients were upgraded to RNU, and there were no
Clavien-Dindo grade IV or V complications and only one grade III
complication.[26] Bozzini and colleagues[28] performed a retrospec-
tive study with 47 low-risk patients treated solely with Th:YAG,
resulting in a recurrence rate of 19.2% and no major complications
at a mean follow-up time of 11.7 months. Among published studies
of treatment with thulium laser for appropriately selected patients,
the recurrence rate requiring further endoscopic treatment hovers
soft tissue (porcine kidney). Laser settings were set at 10W and 1 J at 10Hz and
range arrows show LE dissection with the holmium laser. Figure reproduced with
eral energy; TLA = total laser area; VA = vaporization area.



Table 4

Oncologic outcomes with the thulium laser.

Authors
Year of
publication

Treatment
modality n

Low
grade,
n (%)

High
grade,
n (%)

Median
follow-up
time, mo

Recurrence
rate, n (%)

Stage/grade
progression
rate, n (%)

Requiring
upgrade to
RNU, n (%) RFS, mo

Patients with
imperative
indications, n (%)

Defidio et al.[12] 2011 Thulium laser 59 36 (61.0) 23 (39.0) 26.4 22 (37.3) NR 8 (13.6) NR 9 (15.2)
Wen et al.[30] 2018 Thulium laser 32 27 (84.4) 5 (15.6) NR 7 (21.9) NR 3 (9.4) NR NR

RNU 107 75 (70.1) 32 (29.2) NR 8 (7.8) NR N/A NR N/A
Musi et al.[26] 2018 Thulium laser 42 29 (69.1) 5 (11.9)* 26.3 8 (19.0) 2 (4.8) 4 (9.5) 44 8 (19.0)†

Defidio et al.[31] 2019 Thulium:holmium
laser

101 82 (81.2) 19 (18.8) 18 31 (30.7) 16 (15.8) 9 (8.9) 29.4 32 (31.7)

Bozzini et al.[28] 2020 Thulium laser 78 49 (62.8) 29 (37.2) NR 9 (19.2) 0 (0.0) 31 (39.8)‡ NR NR

N/A = not applicable; NR = not recorded; RFS = recurrence-free survival; RNU = radical nephroureterectomy.
*Pathological grading on biopsy was inconclusive for 8 of patients (19.0%).
†A further 25 patients (59.3%) also had relatively imperative indications, such as advanced medical comorbidities.
‡All patients were biopsied before laser ablation, and all those who were found to have high grade disease received subsequent RNU. Twenty-nine of 31 RNU in the study were due to high-grade disease.
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approximately 20%, with approximately 9% requiring RNU, and
ablation is generally free from major complications.

All patients in the thulium laser studies survived during the in-
vestigative periods. However, follow-up times were much shorter
(11–26 months) than studies investigating the holmium laser, there-
fore limiting CSS and OS analysis. Direct comparison of oncologic
outcomes between holmium and thulium lasers is difficult because
of differences in study design. Whereas oncologic outcomes data
from several large systematic reviews are available for holmium
lasers, only smaller cohort or observational study data has been re-
ported regarding thulium lasers. The recurrence rate seems to be lower
with thulium thanwith the holmium laser, but this apparent difference
could be due to shorter follow-up times reported in studies of the
thulium laser. Further long-term outcome studies with the thulium
laser are needed to fully evaluate recurrence and OS outcomes.

2.3. Emerging technologies
2.3.1. MOSES™ technology The MOSES™ system (Lumenis,
Clarion Medical Technologies) is a pulse-modulating technology
for Ho:YAG laser that has shown revolutionary promise in
lithotripsy of urinary calculi. It functions by “parting the water”
between the target and the laser tip, which creates more efficient
laser delivery to the target and decreased stone retropulsion.[32,33]

It also demonstrated decreased marginal tissue damage and
incision width when compared with normal Ho:YAG ablation in
experiments with porcine ureters.[32] An abstract was published
in the EAU 2020 Virtual Congress documenting the use of
MOSES™ technology in UTUC ablation.[34] However, its
potential superiority or inferiority as compared with existing
technologies was not fully explored, and further research is
required to establish its role in UTUC endoscopic treatment.
2.3.2. T-1470 LiteTouch™ laser The T-1470 LiteTouch™ Laser
(Convergent Laser Technologies, Alameda, California) is a novel
diode laser that provides a 1470-nm wavelength. The 1470-nm
diode lasers have documented usage in other surgical fields, such
as colorectal surgery, vascular surgery, and otolaryngology.[35–37]

The wavelength allows for soft tissue penetration as well as
absorption by both water and oxyhemoglobin, allowing for excel-
lent coagulation and hemostasis. Because of absorptive and
coagulative capabilities of the laser, the T-1470 LiteTouch™ shows
promise for its use in urologic procedures. The authors have published
a recent report on the use of this laser for the enucleation and en
bloc resection of UTUC, which is generally not possible with Ho:
YAG/Nd:YAG or Th:YAG lasers.[38] This approach has potential for
improved pathological staging and grading of excised tumor tissue,
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which would overcome some limitations currently encountered with
conventional ureteroscopy biopsy and ablation tools.[39–41] This
solid-state diode laser offers 3 modes, including continuous wave,
pulse, and super pulse, along with adjustable frequencies of 10, 20,
and 30 Hz, which allow for control over hemostasis by adjusting tis-
sue absorptive time in between pulses. As the laser is still novel, further
trials arewarranted to fully assess both its enucleative and ablative ca-
pabilities for the treatment of UTUC.
3. Conclusions

Laser ablation of low-risk UTUChas becomemore accepted in the con-
temporary era because both endoscopic techniques and technologies
have become optimized, offering intermediate-term RFS in 20%–40%
of patients without increased cancer-specific mortality, and with the
added advantage of nephron preservation. TheHo:YAG/Nd:YAG laser
has been the standardof care since the 1990s, but a growingnumber of
studies have highlighted the ablative and hemostatic advantages of
the Th:YAG laser. Both lasers have demonstrated their respective
value, and the opportunity remains for future direct comparison
studies between the 2 lasers, as well as longer-term follow-up eval-
uations. Beyond the 2 currently established lasers, emerging tech-
nologies suggest the possibility that other lasers could be used for
endoscopic UTUC treatment and operative techniques might be
improved with better technology. The use of laser treatment for
UTUC is rapidly evolving, and further research is well warranted
to support the development of new technologies and refine this
nephron-sparing technique.
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