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Abstract
Percutaneous nephrolithotomy (PNL) is the primary treatment option for renal stones > 20 mm in diameter. Mini-PNL gained
popularity with its minimally invasive nature. The aim of this study was to compare the efficiency of ballistic and laser lithotripsy
with the combined use of both techniques. Data of 312 patients underwent mini-PNL for renal stones with Hounsfield Unit >
1000 was investigated retrospectively. We identified 104 patients underwent combined ballistic and laser lithotripsy. Propensity
score technique was used to create the laser and ballistic lithotripsy groups. Groupswerematched on stone size, stone density, and
Guy’s stone score. Primary end point of the study was to compare the stone free rate (SFR), complication rates, and duration of
surgery. Mean age of the population was 49.4 ± 6.1, stone size was 24.6 ± 6.3 mm, and stone density was 1215 ± 89 HU. The
groups were similar for age, stone size, stone density, and Guy’s stone score. The SFR and the complication rates of the 3 groups
were similar (p = 0.67). The duration of the surgery was shorter in the combined group (46.1 ± 6.3 min) compared to the laser
lithotripsy (54.5 ± 6.6 min) and ballistic lithotripsy (57.2 ± 6.9 min) groups. Both laser and ballistic lithotripsy are effective
methods for stone fragmentation duringmini-PNL. Combined use of bothmethods has the potential to improve the fragmentation
rates and diminish the operative times in case of high density stones.
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Introduction

Percutaneous nephrolithotomy (PNL) is the primary treatment
modality for renal stones > 20 mm [1, 2]. Due to the nature of
this surgery, there is significant risk of complications and to
reduce the morbidity of the procedure, miniaturization of the
PNL procedure was of interest. Jackman et al. reported the
first mini-PNL technique [3]. Following this, dedicated instru-
ments for mini-PNL were produced [4–8] and took their place
in routine clinical practice [9].

Fragmentation of the stones in to smaller particles is an
important step of PNL procedure, and currently ballistic, ul-
trasonic, and laser lithotripters are the most commonly used

devices for this purpose. The miniaturized PNL systems such
as micro-PNL, ultra-mini-PNL, and super-mini-PNL methods
mainly rely on use of holmium laser lithotripsy [9]. Therefore,
comparison of lithotripsy methods for mini-PNL has not been
studied extensively in clinical studies previously.

Ganesamoni et al. conducted a prospective randomized
study to compare the laser and ballistic lithotripsy during
mini-PNL and concluded that both methods are safe and ef-
fective. But authors also mentioned that laser lithotripsy pro-
vides less stone migration and easier fragment removal [10].
However, combined use of laser and ballistic lithotripsy has
not been subjected to any studies in the current existing liter-
ature. The aim of this study was to compare the efficiency of
laser and ballistic lithotripsy with the combined use of both
lithotripsy methods.

Materials and methods

In this study, the prospectively collected data of 733 patients
underwent mini-PNL at our institution by a single experienced
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surgeon between January 2015 and April 2019 was investi-
gated retrospectively. We identified 104 patients who
underwent combined laser and ballistic lithotripsy for stones
with density > 1000 Hounsfield Units (HU), and propensity
score technique was used to create the laser lithotripsy (n =
104) and ballistic lithotripsy (n = 104) groups. The groups
were matched on stone size, stone density, and Guy’s stone
score (GSS). Cases with anatomic abnormalities and those
underwent endoscopy combined intrarenal surgery were ex-
cluded. The study was approved by the institutional ethical
committee of our institution (Approval number: 05-299-18).

The parameters analyzed were, age, gender, stone size
(sum of largest diameter of all stones in case of multiple
stones), stone density (HU), GSS, duration of operation, com-
plication rates, stone free rates (SFR), and duration of hospi-
talization. Postoperative imaging was performed with KUB
and/or ultrasonography, and non-contrast CT scan was per-
formed in case of suspicion of any residual fragments prior
to JJ stent extraction at postoperative day 7–15. SFR was
defined as absence of any size of residual fragments.

Surgical method

Patients were placed in Galdakao modified supine Valdivia
(GMSV) position and a 6Fr ureteral catheter was placed and
retrograde pyelogram was performed. Percutaneous access
was performed under fluoroscopy and ultrasound guidance.
After creation of the access, a hydrophilic guidewire was
placed in the collecting system. The MIP-M kit (Karl Storz,
Tuttlingen, Germany) was used to create percutaneous tract.
Fifteen Fr metallic dilator was inserted over the guidewire,
and 16 Fr metallic sheath was placed. Twelve Fr nephroscope
was introduced and laser lithotripsy (Dornier Medilas H
Solvo, Wessling, Germany) was performed with fragmenta-
tion settings of 1.5–2.0 J and 10 Hz. Ballistic litotripsy
(Vibrolith Plus, Elmed, Ankara, Turkey) was performed with
a 4 Fr probe with 6–10 Hz frequency. The fragments were
extracted with the vacuum cleaner effect and with the help
of a basket when necessary. A JJ stent was placed in all cases
and nephrostomy tube was not placed in any of the cases. For
combined ballistic and laser lithotripsy, the main strategy was
initial fragmentation to pieces less than 10 mm with ballistic
lithotripsy and continue with laser lithotripsy to produce
smaller fragments and apply vacuum cleaner effect.
Fragmentation to pieces less than 5 mm with the ballistic
lithotripter was avoided as it may lead to migration of the
fragments to other calices.

Statistical analysis

Continuous data were expressed as mean–standard deviation
and categorical data were expressed as number and standard
deviation. One-way analysıs of variance (ANOVA) was used

to compare the continuous variables and chi-square test was
used to compare the categorical variables between the three
groups. A p value < 0.05 was considered as significant.

Results

Total data of 312 patients were analyzed and there were 104
patients in each group with respect to the propensity score
technique. The mean age of the population was 49.4 ±
6.1 years, mean stone size was 24.6 ± 6.3 mm, and mean stone
density was 1215 ± 89 HU. The groups were similar for age,
gender, stone size, stone density, and Guy’s stone score.
Results are summarized in Table 1.

The SFRs of the laser lithotripsy, ballistic lithotripsy, and
the combined lithotripsy groups were 92.3%, 91.3%, and
91.3% respectively and there was no statistically significant
difference (p = 0.95). The SFRs of the patients underwent
non-contrast CT scan for postoperative imaging were also
similar among the groups (87.1% vs. 84.6% vs. 85.7%, p =
0.95). The complication rates of the 3 groups were also similar
(p = 0.67). All of the complications observed were Calvien-
Dindo grade I and II. Transfusion was needed in one patient in
the laser lithotripsy group and in one patient in the combined
lithotripsy group. Rest of the grade II complications were
recorded for antibiotic therapy postoperatively (Table 2).

The duration of the surgery was significantly shorter in the
combined lithotripsy group (46.1 ± 6.3 min) compared with
the laser lithotripsy (54.5 ± 6.6 min) and ballistic lithotripsy
(57.2 ± 6.9 min) groups. The median postoperative hospital
stay was 1 day for all three groups (p = 0.88). Results are
summarized in Table 2.

Discussion

Mini-PNL established its role in the management of renal
stones with diminished complication rates and similar success
rates compared with the large-bore PNL [9, 11]. Both laser
and ballistic lithotripsy can be applied during mini-PNL and
results of our study also indicates that both lithotripsy methods
are valid options. However, we found out that combination of
both lithotripsy methods maintains shorter operative times
with similar success and complication rates compared with
the use of either method individually.

Holmium laser lithotripsy is the main lithotripsy method
for miniaturized PNL systems due to the advantage of being
applied with a thin fiber that can fit through the narrow work-
ing channels of the optical systems and producing small frag-
ments that can be extracted from the small caliber sheaths.
With the increased use of high power laser systems, larger
stones can also be fragmented successfully with minimal com-
plications. Also, the surgeon can adjust the laser parameters
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with respect to the stone characteristics and perform the lith-
otripsy in the most efficient way. However, in case of large
and harder stones, efficacy of laser lithotripsy may decrease
and the laser fibers can be damaged due to the use of high
energy settings and burn-back effect.

Ballistic lithotripsy has been shown to be an effective and
safe option for PNL. It needs direct contact and can fragment
the stone effectively regardless of the hardness of the stone.
However, the main disadvantage is stone retropulsion espe-
cially in case of dilated collecting systems [12, 13]. During
mini-PNL use of a forceps for fragment extraction is usually
not necessary as the fragments can be taken out effectively
with the help of Bernoulli’s principle so called vacuum-
cleaner effect [14]. To apply this technique, laser lithotripsy
is the best method as the surgeon can produce appropriate
sized fragments that can be taken out efficiently and the thin
laser fiber does not alter the water inflow which is crucial for
the vacuum-cleaner effect. The role of ballistic lithotripsy dur-
ing mini-PNL has not been studied extensively in the current
existing literature and there is no study evaluating the role of
combined laser and ballistic lithotripsy.

In a prospective randomized study, Ganesamoni et al. com-
pared the laser and ballistic lithotripsy for mini-PNL in a pop-
ulation of 60 patients and they used the same mini-PNL sys-
tem with our study. The primary outcome of the study was the
total operative time and there were no significant differences

between the groups. Also, the groups were similar for stone
fragmentation time, success, and complication rates.
However, the authors reported higher stone migration rate,
more difficulty in fragment retrieval, and higher need for use
of a basket or forceps in the ballistic lithotripsy group [10].
Similarly, we did not find a significant difference between the
groups in terms of SFR and complication rates. However,
operative times were shorter in the combined lithotripsy group
compared with both laser and ballistic lithotripsy groups.

In our study, the mean stone size was greater than the study
by Ganesamoni et al. [10] (24.6 mm vs. 17.5 mm).We believe
that when the stone diameter is > 2 cm and the stone density is
> 1000 HU, initial stone fragmentation with ballistic lithotrip-
sy to produce fragments of less than 1 cm and further frag-
mentation with laser to make these fragments smaller and take
them out with vacuum-cleaner effect is an effective method. In
our study, the total operative time was shorter in the combined
lithotripsy group but success and complication rates and the
duration of hospital stay were similar among the groups.
Therefore, the cost-effectiveness of combined use of laser
and ballistic lithotripsy is questionable.

Ganesamoni et al. also reported higher risk of stone migra-
tion to other calices during ballistic lithotripsy and this is a
significant problem especially in case of a lower pole puncture
in prone PNL. However, this is a less significant problem for
supine PNL as it is easier to access the upper pole calices from

Table 1 Demographic and patient related characteristics of the groups

Parameter Laser lithotoripsy (n = 104) Ballistic lithotripsy (n = 104) Combined lithotripsy (n = 104) p value

Age (mean ± SD) 49.5 ± 6.2 48.8 ± 6.6 49.8 ± 6.5 0.77

Gender, n (%) 0.69
Male 61 57 63

Female 43 47 41

Stone size, mm (mean ± SD) 24.6 ± 6.3 24.6 ± 6.3 24.6 ± 6.3 1

Stone density, HU, (mean ± SD) 1215 ± 89 1215 ± 89 1215 ± 89 1

Guys stone score (GSS), n (%) 1
GSS-1 68 (65.4) 68 (65.4) 68 (65.4)

GSS-2 27 (25.9) 27 (25.9) 27 (25.9)

GSS-3 9 (8.7) 9 (8.7) 9 (8.7)

GSS-4 - - -

Table 2 Comparison of groups for surgical outcomes

Parameter Laser lithotoripsy (n = 104) Ballistic lithotripsy (n = 104) Combined lithotripsy (n = 104) p value

Stone free rate, n (%) 96 (92.3) 95 (91.3) 95 (91.3) 0.95

Complication rate, n (%) 12 (11.5) 9 (8.6) 10 (9.6) 0.77
Grade I 10 8 7

Grade II 2 1 3

Duration of surgery, minutes (mean ± SD) 54.5 ± 6.6 57.2 ± 6.9 46.1 ± 6.3 0.03

Hospital stay, days (median and range) 1 (1–3) 1 (1–3) 1 (1–4) 0.88
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a lower pole access [15]. Additionally, upper pole calices may
be accessed retrogradely with a flexible ureteroscope in supine
position to clear any migrated fragment [16]. In our series, all
patients were operated in GMSV position and therefore, stone
migration related to use ballistic lithotripter did not have any
effect of SFR.

The most important drawbacks of our study are the lack
randomization and retrospective analysis of the data. Besides,
the results of the current study are based on use of a 30W laser
device and with the use of currently available high power
lasers that can reach up 100 Hz frequency, the operative times
for laser lithotripsy can be much shorter. Additionally, we did
not record the time for fragmentation individually, rather had
data on total operative times. However, the groups were
matched on stone size and stone density; therefore, we believe
that there would not be a selection bias effecting the fragmen-
tation times.

Conclusions

Our study shows that both laser and ballistic lithotripsy are
effective and safe options for stone fragmentation during
mini-PNL. Combined use of both laser and ballistic lithotripsy
in case of high density stones provides high SFR without
increased complication rates and has the potential to shorten
the operative times.
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