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Abstract

Objectives Comparing stone-free rates and associated outcome measures between two surgical modalities of litho-
tripsy fragmentation and removal or spontaneous passage of dust during retrograde intrarenal surgery (RIRS).

Methods In March 2023, we conducted a literature search in several widely used databases worldwide, includ-

ing PubMed, Embase, and Google Scholar. We only considered English articles and excluded pediatric patients.
Reviews and protocols without any published data were excluded. We also excluded articles with conference
abstracts and irrelevant content. We used the Cochran-Mantel-Haenszel method and random-effects models

to assess inverse variances and 95% confidence intervals (Cls) for mean differences in categorical variables. The results
were reported as odds ratios (ORs) and 95% Cls. Statistical significance was set at p < 0.05.

Results Our final meta-analysis included nine articles, comprising two randomized controlled trials (RCTs) and seven
cohort studies. The total number of patients included in these studies was 1326, and all studies used holmium laser
lithotripsy. The pooled analysis of the dust and fragmentation groups showed that the fragmentation group had

a higher stone-free rate (OR 0.6; 95% Cl 0.41 - 0.89; p=0.01); the dust group had a shorter operative time (WMD -
11.6 min; 95% Cl - 19.56 — -3.63; p=0.004); and the dust group had a higher retreatment rate (OR 2.03; 95% Cl 1.31 -
3.13; p=0.001). There was no statistically significant difference between the two groups in terms of length of hospital
stay, overall complications, or postoperative fever.

Conclusions Our results showed that both procedures could be safely and effectively used for upper ureteral

and renal calculi lithotripsy, the dust group had potential advantages over the fragmentation group in terms

of the operation time, and the fragmentation group had certain advantages in terms of stone-free rate and retreat-
ment rate.
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Introduction

Kidney and ureter calculi are common urological dis-
eases. Patients with kidney calculi usually have no
symptoms, unless the calculi fall from the kidney into
the ureter and cause urinary obstruction in the ureter.
Common symptoms include lumbar and retroperitoneal
pain, hematuria, and other symptoms. The incidence of
this disease has been steadily increasing, resulting in a
growing patient population [1]. Urinary calculi can arise
from various factors, such as living environment, race,
gender, and dietary habits, and can result from urinary
tract obstruction, metabolic abnormalities, and infection.
Crystal formation due to excessive urine concentration
can eventually lead to stone deposition and aggregation,
causing obstructive symptoms that significantly impact
patients’ quality of life [2].

Urolithiasis treatment methods vary depending on
the size of the calculi. In general, calculi smaller than
0.6 cm do not require surgical intervention, and only
medical treatment, adequate water intake, and physical
exercise are needed to help the calculi pass naturally.
Treatment options for upper ureteral and kidney stones
smaller than 2 cm include extracorporeal shock wave
lithotripsy(ESWL), Ureteroscopic lithotripsy, open sur-
gery, laparoscopic stone extraction, and percutaneous
antegrade ureteroscopy [3]. The use of ureteroscopic
techniques in the clinical treatment of upper urinary
tract stones was first reported by Goodman in the
1970s [4]. Since then, flexible ureteroscopic lithotripsy
has become an effective treatment for upper ureteral
and renal calculi, thanks to the development of flexible
ureteroscopes with a smaller diameter and significant
changes in laser technology. The holmium laser, with
a high efficiency and small diameter (200 pum) flexible
laser fiber, can smoothly reach the upper ureter and
cross the ureter to reach any part of the calyceal sys-
tem [5]. The European Association of Urology (EAU)
guidelines recommend retrograde intrarenal surgery
(RIRS) as the first-line treatment for renal stones less
than 2 cm and upper ureteral stones, However, PCNL
is still the preferred approach for larger kidney calculi
(>2 cm) [6]. There are two primary surgical approaches
to RIRS for ureteral and renal calculi: active removal of
fragments using a basket or fragmentation of fragments
into dust using a holmium laser to allow spontane-
ous passage. High-frequency and low-energy holmium
laser cause stones to break into punctate fragments,
a procedure called dusting. Dust formed under these
conditions is typically left in place and excreted sponta-
neously by the urethra without the need for additional
measures. In contrast, high-energy and low-frequency
holmium laser lithotripsy, which breaks stones into
larger fragments, a process called fragmentation, uses
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a basket or grasper to remove larger fragments during
surgery to help patients remove stones. The potential
advantages of dusting include shorter operative times
and lower operative costs. While fragmentation offers
potential benefits such as improved stone clearance
and reduced risk of residual stone fragments leading
to subsequent treatment events, there is currently no
standardized optimal surgical approach for fragment
treatment after laser lithotripsy. Even the Endourology
Excellence Panel (EDGE) consortium did not reach a
clear consensus on the best approach [7].

We aimed to systematically review the safety and
stone-free rate after retrograde intrarenal surgery (RIRS)
by comparing dusting with fragmentation techniques.

Literature search

This study adhered to the standards specified in PRISMA
[8] (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis) and was prospectively registered
in the PROSPERO database (CRD42023411427). Arti-
cles included in the systematic review were investigated
independently by two reviewers (WL and LY). The data
obtained from the literature were before March 1, 2023.
Extensive literature searches were conducted using
MEDLINE, EMBASE, and Google Scholar databases. The
search was limited to English language papers. Medical
Subject Headings (MeSH) terms and keywords, such as
"Ureteroscopy”, "Calculi OR Kidney Calculi", "Litho-
tripsy, Laser OR Laser", "dust", "fragment”, and "basket"
In addition, we manually searched and reviewed relevant
references to avoid any omission.

Inclusion and exclusion criteria

The PICOS (Patient, Intervention, Comparison, Out-
come, Study Type) model is used to construct and answer
clinical questions. P (patients): Adult patients with renal
and upper ureteral calculi who underwent RIRS with
laser lithotripsy. I (intervention): Holmium laser frag-
mentation of ureteral calculi into dust to allow spontane-
ous passage.

C (comparison): calculi fragmentation into pieces and
active removal using a basket or other tool. O (outcome):
Operation time, postoperative hospital stay, overall com-
plications, major complications, number of fevers, the
incidence of postoperative hematuria, and stone clear-
ance rate. and S (study), Cohort studies, case—control
studies, and randomized controlled trials (RCTs). The
exclusion criteria were as follows: (1) non-English arti-
cles; (2) non-comparative studies and (3) conference
abstracts, case reports, letters, and any other unpub-
lished articles.
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Study screening and selection

Two independent authors (WL and LY) manually
screened all retrieved records. When consensus could
not be reached between the two authors, it was resolved
by consultation with a third author (WC]J). Papers were
selected for screening by reading the full text if found to
be relevant to the objectives of this study.

Data items

Data were extracted independently by two reviewers,
encompassing general information such as first author,
publication year, and country, as well as population char-
acteristics such as age, gender, and follow-up time, stone
characteristics such as size, location, laser type, and laser
setting parameters, and perioperative outcomes such as
operation time, length of hospital stay, stone-free rate,
postoperative fever, postoperative urinary tract infection,
overall complications, and reoperation rate.

Statistical analysis

In this study, statistical analysis was performed using
Review Manager V5.4.1 software (Cochrane Collabo-
ration, Oxford, UK). Results were presented with 95%
confidence intervals (ci) and odds ratios (OR) for dichot-
omous variables and weighted mean difference (WMD)
for continuous variables. Data from some studies report-
ing only medians, quartiles, or extreme value ranges
were converted to means and standard deviations (SDs)
using data conversion tables provided by McGrath [9].
Meta-analysis was performed using the Mantel-Haen-
szel method for dichotomous variables and the inverse
variance method for continuous variables. Because of
the predictable significance of heterogeneity across trials,
random-effect models were used for all analyses. Study
heterogeneity was calculated using the i [2] statistic,
which defined 0 — 40% as mild heterogeneity; 40% — 60%
as moderate heterogeneity; 50 — 90% as large heterogene-
ity; and 75 — 100% as great heterogeneity [10]. A value of
p<0.05 was considered statistically significant.

Bias risk assessment

The Cochrane Risk of Bias assessment tool was used to
evaluate the risk of bias in the included RCT studies. The
tool assessed 5 domains for randomized controlled trials:
randomization process (selection bias), over-intervention
(implementation bias), missing data (loss to follow-up
bias), outcome measurement (measurement bias), and
outcome selection (reporting bias), which were catego-
rized as low risk, unknown risk, and high risk [11]. For
non-RCT studies, the Newcastle—Ottawa Scale (NOS)
was used to evaluate the risk of bias. The quality of the
literature was evaluated using a semiquantitative star sys-
tem, which consisted of 9 stars.
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Sensitivity analysis

We used the leave-one-out method to exclude studies
from the pooled effect one at a time to assess the robust-
ness of the estimates. Furthermore, we evaluated the
robustness based on the study cohort size (excluding
studies with < 100 patients), which may contribute to het-
erogeneity. However, we cannot perform sensitivity anal-
yses comparing three or fewer studies.

Publication bias

When 10 or fewer studies were included, the power of
the test was insufficient. Therefore, we did not perform
further publication bias analysis [12, 13]

Result

Baseline characteristics

The initial literature search retrieved a total of 142 arti-
cles. After removing 5 duplicates, 137 studies remained
for screening. Ninety-five of these papers were excluded
from title and abstract screening because they were not
relevant to the objectives of this study. The full texts of
the remaining 47 studies were screened and 38 papers
lacking data specificity, subjects were not adults, wrong
interventions, etc., were further excluded. Finally, nine
studies were accepted and included in the meta-analy-
sis. These studies were conducted in different countries,
including the United States of America (USA), Turkey,
Israel, Kuwait, China, and Romania. Nine studies com-
pared dusting and fragmentation methods in RIRS for
the treatment of kidney stones and upper ureteral stones.
There were 7 cohort studie [14—20] and 2 randomized
clinical trials [21, 22]. Study characteristics are summa-
rized in Table 1. Nine studies included 1326 patients: 602
were treated with dust and 724 were treated with frag-
mentation. Figure 1 shows the PRISMA flow diagram.
Table 2 summarizes the stone and laser basic informa-
tion. Table 3 summarizes the outcome measures for the
two surgical methods, dust removal, and fragmentation.
Table 4 demonstrates that the relevant characteristics
and variables of this study are comparable. There were no
statistical differences in age (P=0.32), male sex (P=0.32),
female sex (P=0.12), stone size (mm) (P=0.33), left
side (n) (P=0.35), and right side (n) (P=0.25) between
groups. The definition of postoperative stone-free rate
was not the same in both articles. Four studies defined
SFR as stone size<3 mm or<3 mm at reexamination
after surgery, 2 studies defined SFR as<2 mm or <2 mm,
1 study defined SFR as <1 mm and 2 studies defined SFR
as the absence of residual debris with no specific value
given. The follow-up time and the time to evaluate the
stone-free rate were also different in the nine articles.
El-Nahas [18] assessed stone clearance (SFR) with unen-
hanced computed tomography 2 months after surgery.
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Fig. 1 PRISMA flowchart

Table 2 Stones and laser information from included articles

Reference Number of stones Location Type of laser Laser setting

Group D Group F Group D Group F

S M S M
Chen 2022 137 13 134 16 Ureter Holmium 04J40Hz 08J8Hz
El-Nahas 2019 26 25 30 26 Kidney Holmium 0.3-0.5J15-20 Hz 1-1.2J6-10Hz
Golomb 2022 NA Kidney Holmium 0.2-0.5 J 20-40 Hz 0.8J8-15Hz
Humphreys 2018 NA Kidney Holmium NA
Lee 2016 NA Kidney Holmium NA
Liao 2023 52 54 59 53 Kidney Holmium 0.2-0.4 J30-60 Hz 0.8-1.2J8-10Hz
Muldescu 2014 NA Kidney Holmium NA
Schatloff 2010 NA Ureter Holmium NA 08-1J8-10HZ
Yildirim 2022 16 15 15 17 Kidney Holmium 0.5 J-20Hz 12J8Hz

S Single, M Multiple, Group D The dusting group, Group F The fragmentation group

Yildirim [14]assessed stone-free status using USG, KUB,
and NCCT 3 months after surgery. Chen was reexam-
ined 1 month after surgery to assess stone-free status
[15]. The definition of operative time varied among the
included articles, and operative time refers to the time
from cystoscopy placement to urinary catheter fixation.
The remaining articles did not mention a detailed defi-
nition of operative time. Information on all continuous
variables from eight articles was presented as means with

standard deviations. Chaloff 2010 ’s continuous variables
are presented as medians and quartiles. Finally, shutoft’s
data were converted to mean and standard deviation
using the data conversion table provided by [9].

Assessment of quality

Literature NOS>6 stars in this study was defined as
high-quality literature. Two RCT studies had a high risk
of selection bias and performance bias due to non-use
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Table 4 The demographics of the studies

Variable Number of WMD/OR 95% ClI p value
studies with
available data
Age (years) 8 0.89 (-0.852.62) 0.32
Gender(male) (n) 8 1.13 (0.89,1.43) 0.32
Stone size (mm) 7 0.68 (-0.68,2.03) 0.33
Laterality(Left)(n) 5 1.14 (0.86,1.52) 0.35

WMD Weighted mean diference, OR Odds ratio, C/ Confdence interval

of allocation scheme concealment and subject blinding
[21, 22], and seven cohort studies had literature NOS >6
stars. Figure 2 shows details of quality assessment for
randomized controlled studies. Table 5 shows the details
of the quality assessment of the cohort studies.
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Surgical outcomes

Meta-analysis of stone-free rate

A meta-analysis of six studies (562 in the dusting
group and 684 in the fragmentation group) showed a
higher stone-free rate in the fragmentation group (OR
0.6 95% CI 0.41 -0.89, p=0.01). Study heterogeneity
was moderate (I 40%) (Fig. 3). However, in this review,
three studies by Humphreys et al. did not specify the
laser parameter settings. Laser settings with lower
pulse energy (0.2-0.6 J) and higher pulse frequency
(50-80 Hz) reduce stone retropulsion and produce
small dust-like particles small enough to expel spon-
taneously or actively. Dust removal relies primarily
on gravity-assisted or active suction of dust. Energy,
pulse, and frequency were adjusted to achieve optimal
power output, and specific parameter settings were

Allocation concealment (selection bias
Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Random sequence generation (selection bias)

)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias |

0%

25%

50%

75%

100%

. Low risk of bias

D Unclear risk of bias

Bl High risk of bias

Liao 2023

- | Allocation concealment (selection bias)

-~ | Blinding of outcome assessment (detection bias)

-~ | Other bias

Schatloff 2010

. . Random sequence generation (selection bias)

@® | @ | Biinding of participants and personnel (performance bias)

. . Incomplete outcome data (attrition bias)

@ | @ | selective reporting (reporting bias)

-

Fig. 2 Quality Assessment of Randomized Controlled Studies
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Table 5 Study quality of case—control studies based on the NWewcastle-Ottawa scale

NOS Selection Comparability Outcome Overall score
ID Year study_design 1 2 3 4 5 6 7 8

Chen 2022 cohort study * * * * * * * * 8
El-Nahas 2019 cohort study * * * * * * * 7
Golomb 2022 cohort study * * * * * * * 7
Humphreys 2018 cohort study * * * * * * 6
Lee 2016 cohort study * * * * * * * 7
Liao 2023 cohort study * * * * * * 6
Muldescu 2014 cohort study * * * * * * 6
Schatloff 2010 cohort study * * * * * * * 7
Yildirim 2022 cohort study * * * * * * * 7

1:Representativeness of the exposed cohor;2: Selection of the nonexposed cohort 3: Assessment of exposure;4:Demonstration that outcome of interest was not
present at start of study 5:Comparability of cohorts on the basis of the design or analysis;6: Ascertainment of outcome;7:Long enough follow-up for outcomes to

occur;8: Adequacy of follow-up of cohorts

Group D Group F

Chen 2022 113 150 123 150 20.0%
El-Nahas 2019 30 51 44 56 13.1%
Golomb 2022 31 50 39 50 12.5%
Humphreys 2018 40 68 61 82 16.4%
Lee 2016 66 76 183 172 13.7%
Liao 2023 83 106 99 112 15.3%
Schatloff 2010 26 30 30 30 1.7%
Yildirim 2022 27 31 21 32 7.4%
Total (95% ClI) 562 684 100.0%
Total events 416 570

Heterogeneity: Tau? = 0.12; Chi?=11.61, df =7 (P = 0.11); I?= 40%
Test for overall effect: Z =2.52 (P = 0.01)

Fig. 3 Forest plots of stone-free rate

empirically adjusted by the surgeon during the proce-
dure [15].

Meta-analysis of operation time and re-treatment rate

A meta-analysis of 7 studies (532 in the dust group and
654 in the fragmentation group) showed that operative
time was shorter in the dust group than in the frag-
mentation group (WMD - 11.6 min, 95% CI — 19.56
— — 3.63, p=0.004). Study heterogeneity was signifi-
cant (I 96%). A meta-analysis of 7 studies (495 dust
and 520 fragmentation) showed a higher retreatment
rate in the dust group (OR 2.03 95% CI 1.31 -3.13,
p=0.001), with insignificant heterogeneity of studies
(I> 0%) (Fig. 4).

Odds Ratio Odds Ratio
d d d Q_m_‘_e_s_[p_c_l—n
0.67[0.38, 1.17) T
0.39[0.17, 0.91] —_—
0.46 [0.19, 1.11] ——7
0.49 [0.25, 0.98] ——]
0.82[0.36, 1.86] =
0.47 [0.23, 0.99] =
0.10[0.00, 1.88] * '
3.54[0.98, 12.70) =
0.60 [0.41, 0.89] <&
0.01 0.1 1 10 100

LessinD LessinF

Meta-analysis of fever, length of hospital stays, and overall
complications

A meta-analysis of six studies (344 dust and 452 frag-
mentation) showed no significant difference in the inci-
dence of postoperative fever between the two surgical
methods (OR 0.99% CI 0.48-2.02, p=0.97). Study heter-
ogeneity was not significant (I* 0%). A meta-analysis of 5
studies (306 dust and 332 fragmentation) showed no sig-
nificant difference in hospitalization rates between the
2 surgical methods (WMD—0.42 min, 95% CI—0.84—
0.01, p=0.006); study heterogeneity was significant (I2
90%). A meta-analysis of eight studies (560 dust and 691
fragmentation) showed no significant difference in over-
all postoperative complications between the two sur-
gical methods (OR 1.17% CI 0.76 — 1.80, p=0.49). No
study heterogeneity was evident (I> 0%) (Fig. 5).
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Group D Group F Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV. Random, 95% Cl
Chen 2022 37.73 1792 150 376 19.14 150 16.3% 0.13[-4.07, 4.33] € 4
El-Nahas 2019 758 29.6 51 912 30.2 56 12.7% -15.40[-26.74, -4.06] o
Golomb 2022 472 256 50 56 19.1 50 14.1% -8.80 [-17.65, 0.05] =
Humphreys 2018 359 17.8 68 674 533 82 12.1% -31.50[-43.79, -19.21] Ry
Lee 2016 82.1 21 76 825 25 172 171% -0.40 [-1.00, 0.20]
Liao 2023 431 117 106 605 134 112 16.6% -17.40[-20.73,-14.07] ol
Yildirim 2022 78.43 30.08 31 9323 272 32 11.1% -14.80[-28.98, -0.62] S|
Total (95% ClI) 532 654 100.0% -11.60 [-19.56, -3.63] .
Heterogeneity: Tau? = 96.74; Chi? = 133.42, df = 6 (P < 0.00001); I* = 96% g : J :
Test for overall effect: Z = 2.85 (P = 0.004) =0 -ssohoner inD OShoﬂer in '5:0 00
B Group D Group F Odds Ratio Odds Ratio
udy or Subg en a e a gh | dom, 95% CI
Chen 2022 29 150 15 150 42.2% 2.16[1.10, 4.21] —a—
El-Nahas 2019 12 51 9 56 20.4% 1.61[0.61, 4.21] .
Golomb 2022 14 50 3 50 10.9% 6.09 [1.63, 22.82] =
Humphreys 2018 1 68 1 82 2.4% 1.21 [0.07, 19.70]
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Fig.4 A:Forest plot of operation time. B: Forest plot of retreatment rates

Sensibility analysis

In this meta-analysis, because some of the results (stone-
free rate, operative time, postoperative fever rate) were
highly heterogeneous, we performed sensitivity analy-
ses on target parameters to obtain stable and convincing
conclusions. The sample size was recalculated using a
leave-one-out approach, which showed that the hetero-
geneity of the stone-free rate significantly decreased after
removing one study (Yildirim 2022) (OR 0.54 17% CI 0.40
—0.73, p<0.0001), and its outcome still indicated that the
stone-free rate was higher in the fragmentation group,
and the remaining results were stable (Fig. 6).

Discussion

Advancements in surgical instruments have signifi-
cantly improved the safety and effectiveness of retro-
grade intrarenal surgery (RIRS). These advancements
include the use of smaller ureteral access sheaths
(UAS), intraoperative fluid control devices, and high-
power lasers [23]. Ureteroscopic lithotripsy, in par-
ticular, has become a preferred treatment method for
upper urinary tract lesions due to its minimal invasive-
ness, fast recovery time, and high stone clearance rate.
The use of holmium lasers in ureteroscopy has revo-
lutionized the field by enabling stone fragmentation,
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stricture incision, and wider access to the uretero-
renal system, leading to improved treatment out-
comes. However, the high cost of the holmium laser
device and prolonged lithotripsy procedures remain
a challenge [24]. To optimize outcomes, strategies
that consider stone volume and hardness are critical.
All studies included in our review used the holmium
laser, which can fragment stones either into pieces
that can be removed directly with a basket or into
fine dust that can be spontaneously discharged ("dust-
ing"). In comparison to the other lasers, the holmium
laser (Ho: YAG) is the most commonly used source of
URSL because it can fragmentation of any composition
calculi and has excellent safety [25]. Holmium laser
power is highly absorbed in water with low penetra-
tion depth, which means that lithotripsy with holmium
laser causes little damage to surrounding tissues [26].
Based on the use of different combinations of energy
and frequency, stones in any section can be broken or
dusted. The fragmentation setting for the holmium
laser was typically between 0.8—1.2 J and 6-10 Hz,
while the dust removal setting was between 0.3-0.5 ]
and 15-60 Hz, The fragmentation group generally
used lower frequency and higher energy, while the dust
group used higher frequency and lower energy. It has
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Fig. 5 A: Forest plot of fever. B: Forest plot of Hospital stay. C: Forest plot of Overall complication

been shown that different settings may have different
effects on stones. The higher the pulse energy used,
the more retropulsion of the stone occurs, whereas
frequency changes have the least effect on retropul-
sion when energy and fiber diameter remain constant
[27]. In this study, further analysis was not performed
because there were little data on reported stone retro-
pulsion. Although some studies have shown no signifi-
cant correlation between the choice of laser mode and
stone clearance rate [15], this needs to be further con-
firmed by more large-sample studies.

Stone-free rate

Achieving the highest stone clearance rate (SFR) with
minimally invasive treatment in a single procedure has
become a primary objective of all stone extraction proce-
dures. From the patient’s perspective, the absence of any
residual stone after a single operation is more favorable
than waiting weeks to expel the stone fragments, even
if the remaining stone is small. Factors that affect the
final surgical outcome include the available infrastruc-
ture, surgeon’s experience, and stone characteristics
(size, location, stiffness, and number) as well as patient
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Fig. 6 Forest plots of stone-free rate (Excluding Yildirim 2022 Literature)

anatomy [28].In this study, the group that used a basket
had a higher stone clearance rate compared to the group
that used dusting (OR 0.6, 95% CI 0.41 — 0.89, p=0.01).
This result was expected since dusting can result in tiny
stone fragments accumulating in the ureteral lumen or
renal pelvis, creating dust hills that obscure the line of
sight and reduce workspace, particularly in the ureter’s
narrow lumen. This can lead to impaired maneuverabil-
ity and underestimation of remaining fragment sizes. In
addition, compared with the fragmentation group, the
dust group fragmented stones into fragments <3 mm or
even smaller in diameter. However, this did not mean
that the stones completely disappeared, and they may
form larger stones again over time, which resulted in
decreased long-term stone clearance rate. Moreover, the
passage of postoperative fragments could lead to discom-
fort such as renal colic in patients. some studies have
indicated that the passage of stone fragments following
surgery is related to more emergency department visits
and renal colic [29]. The fragmentation group achieved
better visualization during the procedure and was able
to remove fragmented stones more efficiently with bas-
kets or forceps due to reduced dust interference. Effective
stone clearance is associated with higher postoperative
stone clearance, which reduces the risk of stone recur-
rence after discharge. Brain’s review also confirms this
conclusion [30]. Nine studies have assessed that the defi-
nition and timing of stone clearance are not the same.
In Chen’s study, the definition of absence of stones is
no residual stones>3 mm in the affected ureter within
1 month after surgery. Whereas in Humphreys’ study,
the time to review was 4—6 weeks, stone free was defined
as no residual fragment of any size on KUB or RUS. In
Yildirim’s study, an assessment of stone status was per-
formed 3 months after treatment, and USG, KUB, and
NCCT were used to determine stone-free status, which
was defined as no residual stones>3 mm. Assessment
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of stone clearance status is influenced by many factors,
whether the timing of assessment, tools, or definition
of stone clearance impacts the comparison of the two
surgical modalities. However, the results of eight arti-
cles except Yildirim showed that the stone-free rate was
higher in the fragmentation group than in the dust group,
which was also confirmed by our pooled analysis, but this
required more trials, and the definition of stone-free rate
was more standardized trials for demonstration.

Operation time

In this study, operative time was shorter in the dust-
ing group compared to the F group (WMD - 11.6 min,
95% CI — 19.56 — —3.63, p=0.004). Study heterogene-
ity was significant (I* 96%). The main advantage of the
dust removal technique is the ability to complete the
procedure with a single pass of the FURS over the wire.
The frequency of UAS use in the fragmentation group
was higher than that in the dust removal group to
facilitate better use of aids such as baskets, and studies
have shown that stone fragments removed after litho-
tripsy require the use of aids such as nitinol baskets to
remove residual fragments resulting in prolonged oper-
ation time and increased operation costs [18]. However,
some relevant meta-analyses pointed out that there was
no significant difference in operation time between the
dust removal group and the fragmentation group, con-
sidering that the time to dust the stones and the time to
remove the stones were almost consistent, and the two
articles concluded that the different results may be that
the quality of the former articles was not high, includ-
ing many conference abstracts, and this article included
the latest cohort study and RCT study [21]. Exactly
which surgical method is associated with shorter oper-
ative times requires more randomized trials for more
standardized comparisons.



Wen et al. BMC Urology (2023) 23:113

Complication

In this study, the dusting group had a shorter operative
time compared to group F (WMD - 11.6 min, 95% CI —
19.56 — -3.63, p=0.004), although study heterogeneity
was significant (I> 96%). The main advantage of the dust
removal technique is its ability to complete the proce-
dure with a single pass of the FURS over the wire. The
fragmentation group had a higher frequency of UAS use
than the dust removal group to facilitate better use of
aids such as baskets. Studies have shown that stone frag-
ments removed after lithotripsy often require the use of
aids such as nitinol baskets to remove residual fragments,
resulting in prolonged operation time and increased
operation costs [30]. However, some relevant meta-anal-
yses have pointed out that there is no significant differ-
ence in operation time between the dust removal group
and the fragmentation group, considering that the time
to dust the stones and the time to remove the stones
were almost consistent. The two articles concluded that
the different results may be due to the lower quality of
the former articles, including many conference abstracts.
This article included the latest cohort study and RCT
study, but more randomized trials are required for stand-
ardized comparisons. The retreatment rate was higher in
group D than in group F (OR 2.03, 95% CI 1.31 — 3.13,
p=0.001), and there was a correlation between retreat-
ment rate and stone clearance rate. The lower the stone
clearance rate, the corresponding increase in retreatment
rate. UAS placement was more common in Group F than
in Group D, as shown in many studies. Placement of an
introducer sheath in the ureter before RIRS protects the
ureter from abrasion from multiple device passes and
reduces the chance of postoperative complications. Addi-
tionally, UAS placed in the ureter can improve the quality
of visualization with continuous irrigation at lower pres-
sure level [31]. The placement of UAS can also reduce
intrarenal pressure, which is one of the main reasons
bacteria in the collecting system enter the bloodstream
through the renal pelvis venous return. This means that
the use of UAS in the fragmentation group resulted in a
relative reduction in the incidence of postoperative fever,
sepsis, and other complications [32]. El-Nahas reported
two intraoperative complications of ureteral perforation
(grade 3 injury) in Group F, both observed during the
removal of the UAS. Traxer and Thomas’ report showed
a 46.5% risk of ureteral wall injury with UAS placement,
which may be related to preoperative ureteral stent place-
ment, intraoperative surgeon experience, etc [33]. A
recent review showed an overall risk of sepsis of 5% fol-
lowing RIRS, identifying risk factors such as whether a
stent was implanted preoperatively, the results of urine
culture, and the length of operation. Shortening the
operation time is beneficial to reduce the occurrence of
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postoperative sepsis, especially for patients with positive
urine cultures after surger [34].

We analyzed postoperative complications by compar-
ing the dusting and fragmenting methods and found
no statistical difference between the two lithotripsy
techniques in terms of postoperative fever and over-
all complications. However, no further meta-analysis
was performed due to the paucity of studies reporting
on other complications or unspecified inclusion in the
literature.

Hospital stay

A meta-analysis of 5 studies (306 dusts and 332 frag-
mentation) showed no significant difference in hos-
pitalization rates between the two surgical methods
(WMD—0.42 min, 95% CI -0.84-0.01, p=0.006). All
included articles had shorter hospital stays. It has been
shown that RIRS can be used as a day procedure, as long
as the procedure is successful and without complications,
regardless of the technique used [17].

Limitations

This study has several limitations that need to be con-
sidered. Firstly, due to the lack of data on stone location
and characteristics in the included studies, it is difficult
to determine which technique is best suited for spe-
cific stone types or locations. Secondly, while all stud-
ies used Holmium lasers, individual surgeons may have
adjusted laser settings, potentially introducing variabil-
ity in the results across studies. Additionally, the defini-
tion of stone-free rate and follow-up time, as well as the
imaging tools used, varied among the included studies.
Furthermore, no analysis of the cost of the two surgical
methods was conducted, which could be a crucial fac-
tor in decision-making for physicians and patients. This
study did not conduct a subgroup analysis based on stone
composition, which is important because different stone
compositions can lead to varying efficiencies of litho-
tripsy. This can somewhat affect the results of the com-
parison between the two surgical methods. For example,
common calcium oxalate stones have a harder texture
compared to calcium phosphate stones. This leads to
increased lithotripsy time for calcium oxalate stones
but also affects the stone clearance rate. Unfortunately,
because this article included fewer studies and was not
examined for publication bias, its findings may not be
fully representative of the entire population of patients
with calculi. Finally, the study included fewer randomized
controlled trials for direct comparison of the two surgical
modalities, and further larger-scale randomized trials are
necessary to provide more robust evidence.
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Conclusions

For stones<20 mm, the dusting method was more
potentially advantageous in terms of operative time,
but inferior to the fragmentation method in terms of
stone-free rate and retreatment rate. However, each
technique has relative advantages, and which technique
is better depends on the actual situation of the patient
and the stone. Currently, more high-quality trials are
needed to further evaluate the treatment effect between
the two, and in the absence of high-quality randomized
controlled trials, urologists must explain the advan-
tages and disadvantages of each laser lithotripsy tech-
nique to patients.

Acknowledgements
None.

Authors’ contributions

All authors contributed to the study’s conception and design. Data collection
and analysis were performed by WL, HJ, WCJ, and YXS. The first draft of the
manuscript was written by WZ and LY. Drafting the work or revising it critically
for important intellectual content: CCX and CLL. All authors commented on
previous versions of the manuscript. All authors read and approved the final
manuscript.

Funding
None.

Availability of data and materials
The original contributions presented in the study are included in the article
material, further inquiries can be directed to the corresponding author/s.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 13 May 2023 Accepted: 28 June 2023
Published online: 07 July 2023

References

1. DeS, Autorino R, Kim FJ, Zargar H, Laydner H, Balsamo R, Torricelli FC, Di
Palma C, Molina WR, Monga M, De Sio M. Percutaneous Nephrolithotomy
versus Retrograde Intrarenal Surgery: A Systematic Review and Meta-
Analysis. Eur Urol. 2015,67(1):125-37. https://doi.org/10.1016/j.eururo.
2014.07.003.

2. Eden CG, Mark IR, Gupta RR, Eastman J, Shrotri NC, Tiptaft RC. Intracorpor-
eal or Extracorporeal Lithotripsy for Distal Ureteral Calculi? Effect of Stone
Size and Multiplicity on Success Rates. J Endourol. 1998;12(4):307-12.
https://doi.org/10.1089/end.1998.12.307.

3. Enikeev D, GrigoryanV, Fokin I, Morozov A, Taratkin M, Klimov R, Kozlov
V, Gabdullina S, Glybochko P. Endoscopic Lithotripsy with a SuperPulsed
Thulium-Fiber Laser for Ureteral Stones: A Single-Center Experience. Int
J Urol Off J Jpn Urol Assoc. 2021;28(3):261-5. https://doi.org/10.1111/iju.
14443,

4. Goodman TM. Ureteroscopy with Pediatric Cystoscope in Adults. Urology.
1977;9(4):394. https://doi.org/10.1016/0090-4295(77)90213-8.

20.

22.

Page 13 of 14

Giusti G, Proietti S, Villa L, Cloutier J, Rosso M, Gadda GM, Doizi S, Suardi N,
Montorsi F, Gaboardi F, Traxer O. Current Standard Technique for Modern
Flexible Ureteroscopy: Tips and Tricks. Eur Urol. 2016;70(1):188-94. https.//
doi.org/10.1016/j.eururo.2016.03.035.

Srisubat A, Potisat S, Lojanapiwat B, Setthawong V, Laopaiboon M. Extra-
corporeal Shock Wave Lithotripsy (ESWL) versus Percutaneous Nephroli-
thotomy (PCNL) or Retrograde Intrarenal Surgery (RIRS) for Kidney Stones.
Cochrane Database Syst Rev. 2014;11:CD007044. https://doi.org/10.1002/
14651858.CD007044.pub3.

Turk C, Petfik A, Sarica K, Seitz C, Skolarikos A, Straub M, Knoll T. EAU
Guidelines on Interventional Treatment for Urolithiasis. Eur Urol.
2016;69(3):475-82. https://doi.org/10.1016/j.eururo.2015.07.041.

The PRISMA 2020 statement: an updated guideline for reporting sys-
tematic reviews - PubMed. https://pubmed.ncbi.nim.nih.gov/33782057/
(Accessed 2023-03-19).

McGrath S, Zhao X, Steele R, Thombs BD, Benedetti A. DEPRESsion
Screening Data (DEPRESSD) Collaboration. Estimating the Sample Mean
and Standard Deviation from Commonly Reported Quantiles in Meta-
Analysis. Stat Methods Med Res. 2020;29(9):2520-37. https://doi.org/10.
1177/0962280219889080.

. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring Inconsist-

ency in Meta-Analyses. BMJ. 2003;327(7414):557-60. https://doi.org/10.
1136/bmj.327.7414.557.

. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P,

Schunemann HJ, GRADE Working Group. GRADE: An Emerging Consen-
sus on Rating Quality of Evidence and Strength of Recommendations.
BMJ. 2008;336(7650):924-6. https://doi.org/10.1136/bmj.39489.470347.
AD.

. Sterne JA, Gavaghan D, Egger M. Publication and Related Bias in Meta-

Analysis: Power of Statistical Tests and Prevalence in the Literature. J Clin
Epidemiol. 2000;53(11):1119-29. https://doi.org/10.1016/50895-4356(00)
00242-0.

. Lau J, loannidis JPA, Terrin N, Schmid CH, Olkin I. The Case of the Mislead-

ing Funnel Plot. BMJ. 2006;333(7568):597-600. https://doi.org/10.1136/
bmj.333.7568.597.

. Yildirim U, Ezer M, Uslu M, Gizel R, Sarica K. Comparison of Dusting and

Fragmentation Methods in the Flexible Ureteroscopic Treatment of
Kidney Lower Calyx Stones. Urolithiasis. 2022;51(1):21. https://doi.org/10.
1007/500240-022-01399-y.

. Chen B-H, LinT-F, Tsai C-C, Chen M, Chiu AW. Comparison of Fragmenta-

tion and Dusting Modality Using Holmium YAG Laser during Ureteros-
copy for the Treatment of Ureteral Stone: A Single-Center’s Experience. J
Clin Med. 2022;11(14):4155. https://doi.org/10.3390/jcm11144155.

. Golomb D, Shvero A, Mahajna H, Levi O, Goldberg H, Tapiero S, Stabholz

Y, Lotan P, Darawsha A-E, Ehrlich Y, Kleinmann N, Khasminsky V, Zilberman
D, Winkler H, Lifshitz D. Comparison of Long-Term Results Following
Ureteroscopic Stone Fragmentation with Removal versus Stone Dusting
without Removal. J Clin Urol. 2022;205141582210884. https://doi.org/10.
1177/20514158221088452.

. Humphreys MR, Shah OD, Monga M, Chang Y-H, Krambeck AE, Sur RL,

Miller NL, Knudsen BE, Eisner BH, Matlaga BR, Chew BH. Dusting versus
Basketing during Ureteroscopy-Which Technique Is More Efficacious? A
Prospective Multicenter Trial from the EDGE Research Consortium. J Urol.
2018;199(5):1272-6. https://doi.org/10.1016/jjuro.2017.11.126.

. EI-Nahas AR, AlImousawi S, Algattan'Y, Algadri IM, Al-Shaiji TF, Al-Terki A.

Dusting versus Fragmentation for Renal Stones during Flexible Ureteros-
copy. Arab J Urol. 2019;17(2):138-42. https://doi.org/10.1080/2090598X.
2019.1601002.

. Multescu R, Geavlete B, Georgescu D, Geavlete P, Chiutu L. Holmium Laser

Intrarenal Lithotripsy in Pyelocaliceal Lithiasis Treatment: To Dust or to
Extractable Fragments? Chirurgia (Bucur). 2014;109(1):95-8.

LeeYJ, Bak DJ, Chung J-W, Lee JN, Kim HT, Yoo ES, Kim BS. Is It Neces-
sary to Actively Remove Stone Fragments during Retrograde Intrarenal
Surgery? Investig. Clin Urol. 2016,57(4):274. https://doi.org/10.4111/icu.
2016.57.4.274.

. LiaoN,Tan S,Yang S, Zhai G, Li C, Li T, Chen Y, Mo L, Cheng J. A Study

Comparing Dusting to Basketing for Renal Stones < 2 Cm during Flexible
Ureteroscopy. Int Braz J Urol Off J Braz Soc Urol. 2023;49(2):194-201.
https://doi.org/10.1590/51677-5538.1BJU.2022.0382.

Schatloff O, Lindner U, Ramon J, Winkler HZ. Randomized Trial of Stone
Fragment Active Retrieval Versus Spontaneous Passage During Holmium


https://doi.org/10.1016/j.eururo.2014.07.003
https://doi.org/10.1016/j.eururo.2014.07.003
https://doi.org/10.1089/end.1998.12.307
https://doi.org/10.1111/iju.14443
https://doi.org/10.1111/iju.14443
https://doi.org/10.1016/0090-4295(77)90213-8
https://doi.org/10.1016/j.eururo.2016.03.035
https://doi.org/10.1016/j.eururo.2016.03.035
https://doi.org/10.1002/14651858.CD007044.pub3
https://doi.org/10.1002/14651858.CD007044.pub3
https://doi.org/10.1016/j.eururo.2015.07.041
https://pubmed.ncbi.nlm.nih.gov/33782057/
https://doi.org/10.1177/0962280219889080
https://doi.org/10.1177/0962280219889080
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1136/bmj.39489.470347.AD
https://doi.org/10.1016/s0895-4356(00)00242-0
https://doi.org/10.1016/s0895-4356(00)00242-0
https://doi.org/10.1136/bmj.333.7568.597
https://doi.org/10.1136/bmj.333.7568.597
https://doi.org/10.1007/s00240-022-01399-y
https://doi.org/10.1007/s00240-022-01399-y
https://doi.org/10.3390/jcm11144155
https://doi.org/10.1177/20514158221088452
https://doi.org/10.1177/20514158221088452
https://doi.org/10.1016/j.juro.2017.11.126
https://doi.org/10.1080/2090598X.2019.1601002
https://doi.org/10.1080/2090598X.2019.1601002
https://doi.org/10.4111/icu.2016.57.4.274
https://doi.org/10.4111/icu.2016.57.4.274
https://doi.org/10.1590/S1677-5538.IBJU.2022.0382

Wen et al. BMC Urology

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34

(2023) 23:113

Laser Lithotripsy for Ureteral Stones. J Urol. 2010;183(3):1031-6. https://
doi.org/10.1016/},juro.2009.11.013.

Inoue T, Okada S, Hamamoto S, Fujisawa M. Retrograde Intrarenal
Surgery: Past, Present, and Future. Investig Clin Urol. 2021,62(2):121-35.
https://doi.org/10.4111/icu.20200526.

Zheng W, Denstedt JD. Intracorporeal Lithotripsy. Update on Technology.
Urol Clin North Am. 2000;27(2):301-13. https://doi.org/10.1016/50094-
0143(05)70259-7.

Ibrahim A, Elhilali MM, Fahmy N, Carrier S, Andonian S. Double-Blinded
Prospective Randomized Clinical Trial Comparing Regular and Moses
Modes of Holmium Laser Lithotripsy. J Endourol. 2020;34(5):624-8.
https://doi.org/10.1089/end.2019.0695.

Aldoukhi AH, Black KM, Ghani KR. Emerging Laser Techniques for the
Management of Stones. Urol Clin North Am. 2019;46(2):193-205. https://
doi.org/10.1016/j.ucl.2018.12.005.

White MD, Moran ME, Calvano CJ, Borhan-Manesh A, Mehlhaff BA. Evalua-
tion of Retropulsion Caused by Holmium: YAG Laser with Various Power
Settings and Fibers. J Endourol. 1998;12(2):183-6. https://doi.org/10.
1089/end.1998.12.183.

Resorlu B, Unsal A, Gulec H, Oztuna D. A New Scoring System for Predict-
ing Stone-Free Rate after Retrograde Intrarenal Surgery: The “Resorlu-
Unsal Stone Score!” Urology. 2012;80(3):512-8. https://doi.org/10.1016/j.
urology.2012.02.072.

Chew BH, Brotherhood HL, Sur RL, Wang AQ, Knudsen BE, Yong C, Marien
T, Miller NL, Krambeck AE, Charchenko C, Humphreys MR. Natural History,
Complications and Re-Intervention Rates of Asymptomatic Residual
Stone Fragments after Ureteroscopy: A Report from the EDGE Research
Consortium. J Urol. 2016;195(4 Pt 1):982-6. https://doi.org/10.1016/j.juro.
2015.11.009.

Matlaga BR, Chew B, Eisner B, Humphreys M, Knudsen B, Krambeck A,
Lange D, Lipkin M, Miller NL, Monga M, Pais V, Sur RL, Shah O. Uretero-
scopic Laser Lithotripsy: A Review of Dusting vs Fragmentation with
Extraction. J Endourol. 2018;32(1):1-6. https://doi.org/10.1089/end.2017.
0641.

Breda A, Territo A, Lopez-Martinez JM. Benefits and Risks of Ure-

teral Access Sheaths for Retrograde Renal Access. Curr Opin Urol.
2016;26(1):70-5. https://doi.org/10.1097/MOU.0000000000000233.

Sener TE, Cloutier J, Villa L, Marson F, Buttice S, Doizi S, Traxer O. Can We
Provide Low Intrarenal Pressures with Good Irrigation Flow by Decreasing
the Size of Ureteral Access Sheaths? J Endourol. 2016;30(1):49-55. https://
doi.org/10.1089/end.2015.0387.

Traxer O, Thomas A. Prospective Evaluation and Classification of Ureteral
Wall Injuries Resulting from Insertion of a Ureteral Access Sheath during
Retrograde Intrarenal Surgery. J Urol. 2013;189(2):580—4. https://doi.org/
10.1016/jjuro.2012.08.197.

Bai T, Yu X, Qin C, Xu T, Shen H, Wang L, Liu X. Identification of Fac-

tors Associated with Postoperative Urosepsis after Ureteroscopy

with Holmium: Yttrium-Aluminum-Garnet Laser Lithotripsy. Urol Int.
2019;103(3):311-7. https://doi.org/10.1159/000502159.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 14 of 14

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.juro.2009.11.013
https://doi.org/10.1016/j.juro.2009.11.013
https://doi.org/10.4111/icu.20200526
https://doi.org/10.1016/s0094-0143(05)70259-7
https://doi.org/10.1016/s0094-0143(05)70259-7
https://doi.org/10.1089/end.2019.0695
https://doi.org/10.1016/j.ucl.2018.12.005
https://doi.org/10.1016/j.ucl.2018.12.005
https://doi.org/10.1089/end.1998.12.183
https://doi.org/10.1089/end.1998.12.183
https://doi.org/10.1016/j.urology.2012.02.072
https://doi.org/10.1016/j.urology.2012.02.072
https://doi.org/10.1016/j.juro.2015.11.009
https://doi.org/10.1016/j.juro.2015.11.009
https://doi.org/10.1089/end.2017.0641
https://doi.org/10.1089/end.2017.0641
https://doi.org/10.1097/MOU.0000000000000233
https://doi.org/10.1089/end.2015.0387
https://doi.org/10.1089/end.2015.0387
https://doi.org/10.1016/j.juro.2012.08.197
https://doi.org/10.1016/j.juro.2012.08.197
https://doi.org/10.1159/000502159

	A systematic review and meta-analysis of outcomes between dusting and fragmentation in retrograde intrarenal surgery
	Abstract 
	Objectives 
	Methods 
	Results 
	Conclusions 

	Introduction
	Literature search
	Inclusion and exclusion criteria
	Study screening and selection
	Data items
	Statistical analysis
	Bias risk assessment
	Sensitivity analysis
	Publication bias

	Result
	Baseline characteristics
	Assessment of quality
	Surgical outcomes
	Meta-analysis of stone-free rate
	Meta-analysis of operation time and re-treatment rate
	Meta-analysis of fever, length of hospital stays, and overall complications

	Sensibility analysis

	Discussion
	Stone-free rate
	Operation time

	Complication
	Hospital stay

	Limitations
	Conclusions
	Acknowledgements
	References


