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mini-percutaneous nephrolithotomy: A prospective
randomized trial

Abhay Dinkar Mahajan*, Sumeeta Abhay Mahajan

Department of Urology, Sai Urology Hospital, Aurangabad, Maharashtra, India
*E-mail: drabhaymahajan@gmail.com

ABSTRACT

Introduction: We aimed to evaluate the effectiveness and safety of the newly launched thulium fiber laser (TFL) with
holmium laser lithotripsy in the miniaturized percutaneous nephrolithotomy (Miniperc) procedure for renal stones.
Methods: The prospective study included patients with renal stones of size >1 cm to <3 cm. The patients who opted for
extracorporeal shock wave lithotripsy, retrograde intrarenal surgeries, and stones >3 cm were excluded from the study.
Demographics such as patient’s age, sex, stone volume, and hardness were evaluated. The patients were randomized
into holmium and TFL group for stone lithotripsy. Both the procedures were evaluated for stone disintegration time,
operative time, hospital stay, intra- and postoperative complications, and stone-free rate.

Results: A total of 125 patients with renal stones who underwent Miniperc were included in this study. The average size
of the stone was comparable in both the groups (P = 0.053). The median stone disintegration time with holmium laser
was 20 min 45 s and with TFL, it was 11 min 19 s (P < 0.001). The most common complications were Clavien grade I
and II complications (P = 0.128). Prolonged postoperative hematuria was observed in the Thulium fiber laser group,
which was conservatively managed. The stone-free rate with TFL (94.9%) was better than Holmium lithotripsy (90.9%).
Conclusions: The TFL has significant less stone disintegration time which effectively reduced the operative time of
Miniperc procedure. The stone-free rate is better, but the incidence of self-limiting hematuria is higher with TFL as
compared to Holmium laser.

INTRODUCTION was well described almost two decades ago.”! Ho:YAG laser

is universally accepted among urologists since the late 1980s.

Miniaturized percutaneous nephrolithotomy (Miniperc) ~ In <10 years, Ho:YAG laser method rapidly became the gold
is a common procedure for endoscopic management  standard for stone management particularly in ureteroscopy.
of urinary calculi. This technique remains the most It has several advantages such as limited energy losses, highly
preferred procedure over standard percutaneous efficientinstone fragmentation and dusting, low risk of tissue
nephrolithotomy (PCNL) for the management of renal damage, and can be used for soft tissue applications.”’
stones between 1 and 2 cm due to reduced bleeding,

shorter hospital stays and similar stone clearance rates.? Regardless of the clinical utility of the holmium laser, it

has some limitations. Although Ho:YAG laser can be used

The first use of a minimally invasive technique using ~ With higher energy levels, it has limitations when used with
a holmium:yttrium aluminum garnet (Ho:YAG) laser

This is an open access journal, and articles are distributed under the terms of
the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License,

. . E which allows others to remix, tweak, and build upon the work non-commercially,
Access this article online

as long as appropriate credit is given and the new creations are licensed under

Quick Response Code: the identical terms.

Website:

EI_'I'I IE indianiurol For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com
www.indianjurol.com

Received: 01.08.2021, Revised: 31.10.2021

DOI: Accepted: 06.12.2021, Published: 01.01.2022

10.4103/iju.iju_331_21 Financial support and sponsorship: Nil.

Conflicts of interest: There are no conflicts of interest.

42

© 2022 Indian Journal of Urology | Published by Wolters Kluwer - Medknow



higher frequency. In addition, the rate of retropulsion of
stone with the use of Holmium laser is also high.[®!

Recently, the new thulium fiber laser (TFL) has been
introduced for urolithiasis management. TFL has been
explored as a next-generation fiber laser which is superior to
conventional Ho:YAG laser. Rather than a bulk solid-state
Ho:YAG laser, in Thulium fiber, the laser is generated and
pumped by diode into surgical silica fiber. This property of
TFL ultimately results in delivery of high-power output in
a small fiber resulting in high intensity which improves the
stone ablation rate.!®! In vitro study has demonstrated better
stone ablation rate with TFL and four times higher dusting
rate as compared to Ho:YAG laser.” In an in vitro study,
it was demonstrated and the thermal effect of TFL is also
safe during TFL lithotripsy with moderate irrigation.®! In
a preclinical study, it was observed that the TFL produces
less retropulsion as compared to Ho:YAG laser.”

The present study aimed to assess the safety and effectiveness
of the new TFL in stone lithotripsy. This is the first clinical
study that compares the use of TFL with Ho:YAG laser for
stone lithotripsy in the Miniperc procedure.

METHODS

Study design and patient selection

The present study was conducted in a prospective fashion
in our institute in the Department of Urology. A total
of 125 patients were included who were diagnosed with
renal stones of diameter >1 ¢cm to <3 cm. The patients who
opted for extracorporeal shock wave lithotripsy, retrograde
intrarenal surgeries and stones >3 cm were excluded from
the study [Figure 1]. The study protocol was approved by
the Institutional Ethics Committee, and the study was
conducted in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all the patients.

Screened
(N=162)

Screen failures
(N=37)

Randomization
(N=125)
]

l l

Holmium group Thulium group
(n=66) (n=59)

Laser stone management (n = 125): Stone disintegration time,
total operative time and intraoperative complications

Postoperative (n = 125): stone-free rate and complications

Figure 1: Consort diagram flow chart
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Preoperative evaluation

Randomization was done using online research randomizer
tool (https://www.randomizer.org/). The patients were
assigned to each of the two treatment groups (group I and
II). Group I consisted of patients undergoing Miniperc with
stone lithotripsy performed with Ho:YAG laser and group II
comprised of patients in whom the stone lithotripsy was done
using a TFL. Diagnostic imaging such as ultrasonography and
contrast-enhanced computerized tomography scan of the
kidney ureter bladder (KUB) was performed. Preoperative
urine culture was obtained, and appropriate antibiotics were
started to make the urine sterile prior to the surgery. The
type of stone was categorized according to Guy’s stone score.
Stone volume was calculated in cubic millimeters by the
computed tomography scan software. For multiple stones,
all individual stone volumes were added up.

Technique

Miniperc was performed by the standard method by a single
urologist. All the procedures were done under general
anesthesia, in prone position and the puncture was done by
the standard bullseye technique under fluoroscopy guidance.
MIP M Miniperc instrument (Karl Storz) was used, and the
tract was dilated with the single-shot 16.5/17.5 F dilation
system. The stone was fragmented with either Ho:YAG or
TFL.

Ho:YAG laser lithotripsy was performed by a 35-watt
machine (Litho 35 W, Quanta Systems, Italy) using a
550 um using fiber. For Ho:YAG laser, the settings ranged
from 0.8-1.2 ] energy to 10-15 Hz of frequency. The power
levels ranged from 8 to 18 watts. The new TFL lithotripsy
was performed by a 60-watt machine (Urolase SP, IPG
Photonics, Russia) using a 400 um laser fiber. The TFL
settings ranged from 1 to 1.5 J and 6-15 Hz; total power
ranged from 6 to 15 watts. Both the lasers were used in
fragmentation mode.

The stone disintegration time was noted for TFL and Ho:YAG
laser. Fragments were evacuated by vacuum cleaner effect.
At the end of the procedure, a thorough visual inspection by
the nephroscope was performed of all the calyces to confirm
residual fragments. Fluoroscopy was done to further confirm
the absence of residual fragments and a double J stent was
placed in all the patients. Nephrostomy was placed only in
select patients in whom there was bleeding or infection.
The operative time for both the procedures was noted. The
operative time was calculated from the initial puncture till
the exit policy, either placement of nephrostomy or removal
of Miniperc outer sheath in tubeless procedures.

The stone disintegration time was assessed for both groups.
The stone disintegration time was calculated from the start
of laser energy on the stone and till the complete stone was
disintegrated.

43



Mahajan and Mahajan: Thulium vs Holmium laser for lithotripsy

Postoperative care

Postoperatively after 48 h an X-ray KUB was done to confirm
the position of the DJ stent and for the presence of residual
fragments. Nephrostomy, if placed, was removed and the
patient was discharged after 48 h. On follow-up, after
2-week ultrasonography and KUB was done to re-confirm
stone-free status, and then the DJ stent was removed. Stone
size of more than 4 mm was considered as significant residual
fragments. All patients were followed up every 3 months.

Outcomes

The effectiveness of the procedure was assessed based on
stone clearance rate, stone disintegration time, operative
time, hospital stay, intra-and postoperative complications,
and success rate. Intra and postoperative complications were
assessed using the Clavien-Dindo Classification system. The
stone clearance was assessed after 2 weeks of surgery.

Statistical analysis

Data were analyzed using Statistical Package for the
Social Sciences (SPSS) software (version 23.0, Armonk,
NY: IBM Corp). The qualitative data were presented as
numbers and percentages, while quantitative data were
presented as mean (standard deviation) or median (range),
depending on the normal or skewed distribution of data.
The normal distribution of quantitative data was assessed
by an independent sample t-test. Comparison of qualitative
variables between the groups was done using the Chi-square
test. Comparative analysis of parameters between pre- and
postoperative variables was done using the paired sample
t-test. A P < 0.05 was considered statistically significant.

RESULTS

Demographic and preoperative characteristics

A total of 125 patients with renal stones were included
in this study. Most patients belonged to the age group
of >40 to <85 years (n = 62) followed by age group >20
to <40 years (n = 59) and age >2 to <18 years (n = 4). The
average age was 40.1 years in group I and 41.6 years in
group II. In both groups, the numbers of males were
higher (69.7% and 67.8%). The average size of the stone
was comparable in both the groups (15.6 mm) [group I]
and 17 mm [group II] (P = 0.053). The mean stone
volume (Group I-3414 cubic mm, Group II- 3710 cubic
mm) and the mean stone hardness (Group I-1035 HU,
Group I1I-1160 HU) were comparable in both the groups.
A total 0f 25.8% of patients from group I and 37.3% of patients
from group Il reported previous surgical history (P=0.181).

The stones were categorized according to modified Guy’s
stone score. In Ho:YAG group, grade I stone score was seen
in 43 patients, grade Il in 19 patients, and four patients were
classified into grade III. Similarly, in the TFL group, grade I
Guy’s stone score was observed in 31 patients, grade II in
26 patients and two patients were having grade III scores.
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Guy’s Grade IV and V stone categories were not observed
in any of the patients from both groups [Table 1].

Intra-and postoperative characteristics

The median stone disintegration time was 20 min 45 s for
the use of Ho:YAG laser and 11 min 19 s for the use of
a TFL (P < 0.001). The mean operative time for thulium
fiber laser was significantly less (55 min), as compared to
holmium laser lithotripsy (68 min). Nephrostomy was placed
in 12 patients from group I and 14 patients from group II.
Two patients (3.1%) from group I and one patient (1.7%)
from group Il required blood transfusions due to significant
intraoperative bleeding and a drop in hemoglobin.

The mean drop in hemoglobin after surgery was
comparable between the two groups 56 g/dL (group I)
and 55 g/dL (group II). Thirteen (22.0%) patients from
TFL group experienced persistent hematuria for >24 h to
48 h postoperatively and two (3.0%) patients from group I
had transient hematuria. The occurrence of postoperative
hematuria in group II (22.0%) was significantly higher than
group I (3.0%) (P = 0.002). Postoperatively, six patients
in group I and 11 patients in group II presented with
complications. Of these, the most common complications
were Clavien grade I and Il complications (P=0.128), which
were conservatively managed [Table 2]. The stone free was
obtained in 60 cases (90.9%) in Holmium group I and for
56 patients (94.9%) in the TFL group.

DISCUSSION

This study evaluated the clinical efficacy and safety of TFL
with Ho:YAG laser in stone lithotripsy during the Miniperc
technique. All the patients were successfully treated with
TFL and Ho:YAG laser. There was no statistically significant
difference between the two groups concerning age and
pre- and postoperative hemoglobin. The stone lithotripsy
with TFL had a shorter stone disintegration time than the
Ho:YAG laser technique. This resulted in a significantly
lesser mean operative time for TFL as compared to Ho:YAG
laser lithotripsy. The stone clearance rate was comparatively
higher in the TFL group. Although the incidence of
postoperative hematuria was slightly longer with the use
of TFL as compared to Ho:YAG laser lithotripsy for stones in
Miniperc procedure, it was self-limiting and did not require
any additional treatment.

Ho:YAG laser at present is considered the gold standard in
stone lithotripsy. Apart from the stone, it also has application
in prostate ablation or enucleation, bladder tumor resection,
and urethral stricture disease.*! Although Ho:YAG laser has
effective stone fragmentation rates, it has a few limitations.
First, although the Ho:YAG laser lithotripsy is capable of
high energy, it has limitations in attaining high frequency.
Newer high-power Ho:YAG machines can attain maximum
energy of up to 6 ] and frequency of only 100 Hz and can
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Table 1: Pre- and intraoperative characteristics of the two patient groups

Parameter Group | (Holmium) (n=66)* Group Il (Thulium) (n=59)** P
Age (years), mean (SD) 40.1(12.2) 41.6 (16.9) 0.605
Age group (years)
>2-<18 - 4 (6.8) 0.038
>20-<40 36 (54.5) 23 (39.0)
>40-<85 30 (45.5) 32 (54.2)
Sex
Women 20 (30.3) 19 (32.2) 0.849
Men 46 (69.7) 40 (67.8)
Haemoglobin (g/dL), mean (SD) 13.3 (1.8) 13.2 (2.0) 0.828
Serum creatinine (ng/mL), median (range) 1.1 (0.5-9.7) (n=58) 0.496
1.0 (0.2-2.4)
Comorbidities
Previous surgical history 17 (25.8) 22 (37.3) 0.181
Duration (days) (n=58)
>2-<3 50 (75.8) 41(70.7) 0.548
>4-<17 16 (24.2) 17 (29.3)
Type of stone
Unilateral 47 (71.2) 40 (67.8) 0.701
Bilateral 19 (28.8) 19 (32.2)
Stone side
Right 35 (53.0) 34 (57.6) 0.719
Left 31(47.0) 25 (42.4)
Stone size (mm), mean (SD) 15.6 (3.8) 17.0 (4.1) 0.053
Stone size group (mm)
>10-<15 37 (56.1) 15 (25.4) <0.001
>15-<20 22 (33.3) 14 (23.7)
>20-<30 7 (10.6) 30 (50.8)
Stone volume (cubic mm), median (range) 3414.0 (1099.0-7101.0) 3710.0 (1100.0-6100.0) 0.737
Stone density (HU) 1035.0 (550.0-1600.0) 1160.0 (690.0-1520.0) 0.309
Guy’s stone score
Grade | 43 (65.2) 31(52.5) 0.190
Grade Il 19 (28.8) 26 (44.1)
Grade Il 4(6.1) 2 (3.4)
Grade IV - -
Grade V - -
Puncture site (n=65) 0.758
Lower 46 (70.8) 39 (66.1)
Upper 4(6.2) 3(5.1)
Mid 15 (23.1) 17 (28.8)
Postprocedure nephrostomy 12 (18.2) 14 (23.7) 0.451
Blood transfusion (n=65) 1.000
2 (3.1) 1(1.7)
Stone disintegration time (min s), 20.45 (12.35-55.00) 11.19 (0.52-25.00) <0.001
median (range)
Operative time (min), mean 68 55 0.001

Data shown as n (%), unless otherwise specified. *n=66, **n=59 unless otherwise specified. Group I: Holmium laser, Group II: Thulium laser,

SD=Standard deviation

reach a total power up to 140 W. Second, the retropulsion
rates with Ho:YAG laser is higher.¥

The limitations of Ho:YAG laser are overcome by the new
TFL, in terms of capability to work at a very high frequency
with low energy levels. As the TFL wavelength (A = 1908 nm)
matches closely the water absorption peak in tissue as
compared to Ho:YAG laser (A =2120 nm), it improves stone
ablation."” The ablation threshold for Ho:YAG was more
than that of TFL (82.6 J/cm? ** 20.6 J/cm?). The ablation rate
of TFL also increased with an increase in laser frequency
rates.!'” Enikeev et al." used TFL in high-frequency modes
and concluded that higher frequency results in higher
efficacy and ablation speed with low complication rates.

Indian Journal of Urology, Volume 38, Issue 1, January-March 2022

Kronenberg et al.l'? suggested that high power levels and
frequency are not necessary for faster ablation of stone.
However, most of the studies suggest that better stone
ablation rates are associated with high frequency and low
energy, which is possible with TFL, as it can attain higher
frequency of up to 1000 Hz keeping the energy low.!'*

In vitrostudy by Keller et al" showed that TFL is capable of
producing significantly smaller stone particles of size <500 um
for all types of urinary stones composition. It was also observed
by Coninck et al.l'™™ that TFL produces twice the amount of
dust as compared to latest Ho:YAG laser Moses® technology.
Studies have also shown that the ablation thresholds are four
times lower for the TFL than for the Ho:YAG laser.*!”
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Table 2: Postoperative characteristics and outcomes of the
two patient groups

Parameter Holmium Thulium P
laser laser
(n=66)* (n=59)**
Hemoglobin (g/dL) 12.0 (1.7) (n=56) 0.924
12.1 (2.3)
Hematocrit (%) (n=39) (n=39) 0.202
33.4(4.9) 34.9(5.9)
Stone-free rate 60 (90.9) 56 (94.9) 0.498
Postoperative complications, n (%)
Fever 2(3.0) - 0.005
Haematuria 2 (3.0) 13 (22.0)
Clavien-Dindo classification, n (%) (n=57)
Grade | 4(6.1) 10 (17.5) 0.128
Grade Il 2(3.0) 1(1.8)
Grade Il - -
Grade IV - -
Grade V - -
Hospital stay (days), n (%)
2-3 60 (90.9) 55(93.2) 0.748
4-5 6 (9.1) 4 (6.8)

Data shown as mean (SD), unless otherwise specified. *n=66, **n=59
unless otherwise specified. Group I=Holmium laset, Group II=Thulium
laser, SD=Standard deviation

Hardy et al'® demonstrated that the thulium fiber tends
to produce uniform pulse energy similar to that of Moses ®
technology. It produces laser-induced bubbles within a
single laser pulse and bubbles dimensions were four times
smaller than those produced by Ho:YAG laser. Therefore,
the retropulsion threshold was significantly higher for TFL
without inducing collateral damage to tissues.

A systematic review of TFL by Kronenberg et al.l'”]
summarized that the ablation efficiency of TFL was two
times faster for fragmentation and four times faster for
dusting mode as compared to Ho:YAG laser. In our study
also, when we compared the fragmentation mode of TFL
with Ho:YAG laser in Miniperc, and we observed that the
fragmentation was two times faster with TFL.

Most of the studies have concluded that the stone ablation
efficiency of TFL is better than Ho:YAG laser (low power
or Moses technology), using the similar pulse energy and
frequency settings during stone lithotripsy.!'®) Enikeev
et al.”” evaluated the efficacy of TFL in PCNL and studied
the laser on time, retropulsion rates, and visibility during
laser use and found significantly less retropulsion rate
with the use of TFL. They also stated that there was no
correlation with the laser on time with stone density. The
mean laser on time was 6.5 min and resulted in significantly
less operative time. In the present study, TFL was highly
effective as compared to Ho:YAG laser in terms of stone
disintegration time (11 min 19 s vs. 20 min 45 s). The hospital
stay was less in the TFL group (2-3 days [n =55 vs. n = 60],
4-5 days [n=4vs. n=6]), and the stone-free rate was slightly
better in the TFL group (n=60 vs. n=56), but the difference
for both was not statistically significant.
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In the first clinical study of super pulse, TFL performed
by Traxer et al.?!! The average time required for renal
stone fragmentation was 30.2 min. Glybochko et al.*? in
an in vitro study demonstrated that TFL had two times
greater ablation rate than the Ho:YAG laser. The overall
effect of faster fragmentation with TFL resulted in reduced
operative time with TFL, which was observed in most of
the in vitro studies.'#? Similarly, in our clinical study,
we have observed that the fragmentation of the stone was
faster with TFL and hence resulted in significant reduction
in the operative time as compared to Ho:YAG laser (mean
operative time 55 vs. 68 min).

Clavien grade I-II was the most common postoperative
complications associated with TFL lithotripsy and we did not
come across any case of grades III, IV, and V complications
in the present study. A similar rate of complications were
observed by Enikeev et al!™® Another prospective study
showed an unexplained exacerbation of pyelonephritis
associated with TFL lithotripsy.? In our study, we did not
observe any infection or pyelonephritis with the use of TFL.
Korolev et al® had an overall complication rate of 7.6% with
TFL used during retrograde intrarenal surgery procedure. The
present study demonstrated that although the incidence of
hematuria occurred in 13 patients from the TFL group, it was
self-limiting and managed conservatively. However, we are
not able to explain the cause of hematuria for a slightly longer
duration in the TFL group. The increased heat generation
with the use of TFL has been discussed extensively, but there
is no confirmed evidence for the same. In a comparative
in vitro study by Taratkin et al,”” they observed that the
temperature rise for TFL was 15.4°C, while for Ho:YAG laser,
it was 14.9°C after 60 s of use. Furthermore, with different
irrigation flow rates, they found no significant difference in
the rise of temperature between TFL and Ho:YAG laser. We
attribute the cause of hematuria probably due to the thermal
stress injury to the mucosa because of less irrigation and
visibility which results temporarily due to stone fragments.
Similarly, Hardy et al*! showed that the temperature of TFL
was 9°C-12°C higher than Ho:YAG laser, especially when
the frequency was increased and the irrigation flow was low,
leading to thermal stress to surrounding tissue.

Our study is the first prospective study that has compared
the effectiveness of TFL with Ho:YAG laser in Miniperc
procedure. With almost the same laser settings for both the
lasers used for stone lithotripsy (TFL ranging from 6 to 15
W, Holmium laser between 8 and 18 W), we have observed
better stone-free rates with TFL than with Ho:YAG laser,
probably due to the production of smaller stone fragments
and stone dust with TFL, which effectively facilitates
drainage of all the stone particles.

Limitations
The present study has a few limitations. First, the stone-free

rates were determined on ultrasonography and X-ray
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KUB. Computed tomography would have been helpful to
exactly assess the size of residual fragments. A computed
tomography scan was not used for the reasons of cost, as most
of our patients were from low socioeconomic backgrounds,
and radiation exposure. Second, the sample size is small in
this study as it is a single-center study. A multicentric study
with larger data will be required in the future to assess the
effectivity of TFL in the Miniperc procedure.

CONCLUSIONS

The new TFL rapidly fragments the stone and requires
significantly lesser stone disintegration time as compared
to Ho:YAG laser; thus, effectively reducing the operative
time of the Miniperc procedure. It also produces fine
dust, which probably helps in improving the stone-free
rates. The incidence of hematuria, though self-limiting and
unalarming, is higher with TFL.
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