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Shock Wave Lithotripsy in the Treatment of 10-20 mm
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ABSTRACT Objective: In our study, we aimed to compare the re-
sults of retrograde intrarenal surgery (RIRS), and shock wave lithot-
ripsy (SWL) in the treatment of 10-20 mm lower calyceal stones.
Material and Methods: The data of 42 patients who underwent RIRS
or SWL for 10-20 mm solitary lower calyceal stones in Erzurum Re-
gional Training and Research Hospital Urology Clinic between January
2018 and September 2019 were retrospectively analyzed. Twenty pati-
ents were treated with RIRS and 22 patients were treated with SWL.
Both groups were compared in terms of demographic characteristics,
clinical data, operative parameters, stone-free rate (SFR), need for re-
treatment and auxiliary therapy, and complications. Results: Both gro-
ups were statistically comparable in terms of their demographic
characteristics and stone characteristics. Postoperative SFR was 85% in
the RIRS group and 77% in the SWL group. When compared in terms
of the procedure time, the mean duration of RIRS was significantly lon-
ger when compared with the mean of one-session SWL duration
(p<0.001). When compared with the RIRS group, 63.6% of the pati-
ents in the SWL group had a significant higher need for re-treatment,
because they required a second session (p<0.001). Rates of auxiliary
procedures applied were 22.7% in the SWL group and 15% in the RIRS
group (p=0.15). The overall complication rates were 10% and 9.1% in
the RIRS and SWL groups, respectively. Conclusion: RIRS and SWL
are the preferred treatment methods in the treatment of 10-20 mm lower
calyceal stones with similar SFR and complication rates.
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OZET Amag: Calismamizda, 10-20 mm alt kaliks taslarmin te-
davisinde retrograt intrarenal cerrahi [retrograde intrarenal surgery
(RIRS)] ve sok dalgas: litotripsi [shock wave lithotripsy (SWL)]
sonuglarini karsilagtirmay: amagladik. Gere¢ ve Yontemler: Ocak
2018-Eyliil 2019 tarihleri arasinda Erzurum Boélge Egitim ve
Arastirma Hastanesi Uroloji Kliniginde, 10-20 mm boyutlarinda so-
liter alt kaliks tas1 nedeniyle RIRS veya SWL tedavisi uygulanan 42
hastanin verileri retrospektif olarak incelendi. Hastalarin 20’sine
RIRS, 22’sine ise SWL tedavisi uygulandu. iki grup; demografik 6zel-
likler, klinik veriler, operatif parametreler, tassizlik orani [stone-free
rate (SFR)], yeniden ve yardimci tedavi uygulanma ihtiyaci ve kom-
plikasyonlar agisindan karsilastirildi. Bulgular: Demografik karak-
teristikler ve tas 6zellikleri agisindan her iki grup istatistiksel agidan
benzerdi. Postoperatif SFR, RIRS grubunda %85, SWL grubunda
%77 olarak belirlendi. Islem siiresi agisindan karsilastirildiginda
RIRS’nin, 1 seans SWL siiresine gore anlamli derecede yiiksek
oldugu izlendi (p<0,001). SWL grubunda hastalarin %63,6’sinda 2.
seans gerekmesi nedeniyle yeniden tedavi ihtiyaci, RIRS’ye gore
anlamli daha yiiksek izlendi (p<0,001). Yardimei prosediir uygulanma
oran1 SWL’de %22,7; RIRS grubunda %15 olarak saptand1 (p=0,15).
Genel komplikasyon orani, RIRS ve SWL grubunda sirastyla %10 ve
%09,1 olarak izlendi. Sonug¢: RIRS ve SWL, benzer SFR ve komp-
likasyon orani ile 10-20 mm alt kaliks taslarinin tedavisinde tercih
edilebilir tedavi yontemleridir.

Anahtar Kelimeler: Bobrek tagi; alt kaliks;
retrograt intrarenal cerrahi; sok dalgas: litotripsi

Prevalence of lifelong kidney stones in adults is
common with a rate of 10%.' The choice of treatment
for kidney stones is made according to the stone size,
anatomy of the pelvicalyceal system of the affected

kidney, the availability of equipment, and the com-
mon preference of the clinician and the patient.” The
aim of kidney stone treatment should always be to
achieve a high stone-free rate (SFR) and low com-
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plication rate. The treatment of lower calyceal stones
is more complex because of its difficult anatomy. The
ideal treatment modality remains controversial and
depends on several factors such as calyceal anatomy,
stone size, body habitus, and comorbidities.?

Retrograde intrarenal surgery (RIRS) and extra-
corporeal shock wave lithotripsy (SWL) are the most
commonly used treatment options for 10-20 mm kid-
ney stones.* The current European Association of
Urology guideline recommends SWL or endourolog-
ical treatment alternatives [percutaneous nephrolitho-
tomy (PNL) or RIRS] for 10-20 mm kidney stones
(excluding lower calyceal stones). Both RIRS and
SWL are recommended as equivalent treatment op-
tions for 10-20 mm lower calyceal stones in the ab-
sence of challenging anatomical factors known to
adversely affect the success of SWL.?

SWL is a non-invasive treatment method with
high patient compliance and low morbidity without
any need for anesthesia.’ However, the SFR of SWL
appears to be lower for lower calyceal stones com-
pared to renal stones in other locations. In addition,
steep infundibulopelvic angle, long calyx, increased
skin-to-stone distance, narrow infundibulum, and
SWL-resistant stones negatively affect SWL suc-
cess.” The development of semirigid and flexible
ureterorenoscopes and laser technology is increasing
the popularity of endourological treatment methods
every day. Although RIRS requires anesthesia con-
trary to SWL, thanks to its higher SFR and accept-
able complication rates, it has become more
frequently applied by clinicians.®’ In this study, we
aimed to compare the efficiency and safety of SWL
and RIRS in patients with 10-20 mm lower calyceal
stones.

I MATERIAL AND METHODS

After the approval of the Atatiirk University Fac-
ulty of Medicine Clinical Research Ethics Com-
mittee (date: 4/3/2021, approval number: B.30.2.
ATA.0.01.00/30), the data of patients who underwent
RIRS or SWL for 10-20 mm solitary lower calyceal
stones in Erzurum Regional Training and Research
Hospital between January 2018 and September 2019,
were retrospectively analyzed. Our study have been
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performed in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki and its
later amendments.

Non-contrast computed tomography (CT)
and intravenous urography were used for primary
diagnosis and treatment plan. Stone characteristics
or anatomical factors such as stone size, stone den-
sity, infundibulopelvic angle, infundibular length,
stone-skin distance, and infundibular width were
determined using these 2 imaging methods. The in-
fundibulopelvic angle was determined by measuring
the angle between the vertical axis connecting the
central axis of the ureteropelvic region and the central
axis of the upper ureter, and the vertical axis of the
lower calyx, where the stone is located, using the
method described by Sampaio et al.® Infundibular
width and length were determined by the method de-
scribed by Elbahnasy et al. The infundibular width
was determined as the narrowest diameter of the
lower calyx where the stone was located. The in-
fundibular length was determined as the distance be-
tween the most distal end of the lower calyx, where
the stone is located, and the middle of the lower lip of
the renal pelvis.” The stone-skin distance was calcu-
lated by averaging the three distances measured on
CT as 0°,45°, and 90° from the center of the stone to
the skin. Stone density (Hounsfield unit) was calcu-
lated with region of interest, which covers the entire
area of the stone in axial CT images showing the
largest diameter of the stone.

Patients with congenital kidney anomalies, soli-
tary kidney, calyceal diverticulum, ureteropelvic
junction obstruction were excluded from the study.
Additionally, patients with steep infundibulopelvic
angle (90° or less), long infundibulum (3 cm and
longer), increased skin-to-stone distance (10 cm and
longer) and, narrow infundibulum (5 mm and
shorter), which are known to negatively affect the
success of SWL in the management of lower calyceal
stones, were also excluded from the study. In addi-
tion, patients who had a D-J stent pre-operatively
were excluded from the study. As a result, 20 patients
who underwent RIRS and 22 patients who underwent
SWL were included in the study.

Before the treatment, urine cultures were ob-
tained from the patients and the patients with bacter-
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ial growth in their urine cultures were given antibi-
otic therapy to obtain a negative urine culture. He-
mogram and coagulation parameters of all patients
were examined before treatment. A single dose of
intravenous prophylactic antibiotic (2" or 3™ gen-
eration cephalosporin) was administered to the pa-
tients before RIRS.

The presence of residual fragments was investi-
gated by ultrasonography (USG) in non-opaque
stones and kidney-ureter-bladder (KUB) radiography
and USG in opaque stones at 3 months after treat-
ment. CT was used in symptomatic patients and/or in
patients with suspected kidney or ureteral stones on
KUB/USG. Demographic characteristics, stone-related
features (laterality, localization, and size of the stone),
procedure time, SFR, need for re-treatment and auxil-
iary therapy, and complications were compared be-
tween both groups. Cases with clinically insignificant
residual fragments smaller than 3 mm were accepted as
stone-free.!” Second session SWL or repeated RIRS
application was defined as re-treatment. Applying a
treatment modality different from the first one to en-
sure stone-free status was defined as the use of auxil-
iary therapy. Complications were classified according
to the Clavien-Dindo grading system.

SHOCK WAVE LITHOTRIPSY TECHNIQUE

Oral diclofenac sodium (dosage: 50 mg for <70 kg,
and 100 mg for >70 kg) was administered 60 minutes
before the SWL sessions. Before SWL, KUB and
USG were used to determine the localization of the
stone, and continuous position analysis was per-
formed during the session. Wolf Piezolith-3000
(Richard Wolf GmbH, Knittlingen, Germany) device
was used. A maximum of 3,000 shocks were deliv-
ered at a rate of 60-90 shocks/min. A maximum of 3
SWL sessions were applied. The patients were dis-
charged after the procedure.

RETROGRADE INTRARENAL SURGERY
TECHNIQUE

RIRS was performed under general or spinal anes-
thesia using a 7.5 Fr FLEX-X2 flexible ureteroreno-
scope (Karl Storz, Tuttlingen, Germany). Ureteral
access sheath (9.5/11.5 Fr or 11/13 Fr) was used in
all cases. Stones were placed in a more suitable place
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in the pelvis or upper pole using a 2.2 F nitinol stone
basket to provide better focusing during lithotripsy.

If the stone could not be mobilized, it was bro-
ken into several pieces and then repositioned to be
fragmented into smaller pieces. Lithotripsy was per-
formed with 272 p fiber holmium:yttrium-aluminum-
garnet laser (Quanta System™, Varese, Italy).
Lithotripsy was applied using 0.5-1.2 J energy and 8-
12 Hz frequency. At the end of the operation, a 28 cm
4.8 Fr JJ stent was placed routinely. The patients were
discharged on the morning of the first postoperative
day. The JJ stent was removed in an average of 2-4
weeks.

STATISTICAL ANALYSIS

Continuous variables were presented as mean and
standard deviation; and categorical variables as num-
bers and percentages. The mean of independent
groups was compared by the Student t-test. Percent-
ages of categorical variables were compared using
the Pearson chi-square or Fisher’s exact test. A p
value of less than 0.05 was considered as statistically
significant. Statistical analysis was performed using
SPSS for Windows version 18.0 (SPSS Inc., Chicago,
IL, USA).

I RESULTS

A significant difference was not observed between
the 2 groups in terms of demographic features and
stone characteristics (Table 1). When comparing

TABLE 1: Comparison of demographic features,
and stone characteristics.

Variables SWL RIRS p value
Patients, n 22 20
Age (meanxSD), years 43.6+14.5 47.5+12.7 0.361
BMI (mean+SD), kg/m? 26.8+1.43 26.9+1.48 0.857
Gender n (%)

Male 14 (63.6) 12 (60.0) 0.808

Female 8(36.4) 8(40.0)
Laterality, n (%)

Right 10 (45.5) 8(40.0) 0.721

Left 12 (54.5) 12 (60.0)
Stone size (mean+SD), mm 14.7+1.66 15.2+1.96 0.404
Stone density (meanSD), HU 976.2+248 991.9+280 0.848

SD: Standard deviation; BMI: Body mass index; HU: Hounsfield unit; SWL: Shock wave
lithotripsy; RIRS: Retrograde intrarenal surgery.
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RIRS with a single-session SWL, the mean proce-
dure time (RIRS 78.2420.6 min vs SWL 45.34£5.06
min) was significantly longer for RIRS (p<0.0001).
In 63.6% of the patients who underwent SWL, the
rate of re-treatment was significantly higher relative
to RIRS due to the requirement of a second session
(p<0.001). In addition, due to the failure of the laser
device during the operation, a JJ stent was placed in
1 patient in the RIRS group; subsequently, the de-
vice malfunction was resolved and a 2" session
RIRS was applied. Although the postoperative 3%-
month SFRs were higher in the RIRS group com-
pared to the SWL group, the difference was not
significant (p=0.70). Treatment results are summa-
rized in Table 2.

After unsuccessful SWL, PNL was performed
in 3 out of 5 patients in whom auxiliary therapy
modalities were applied. RIRS was performed in 1
patient because the residual fragments were too large
to be suitable for spontaneous passage. Steinstrasse
developed in 2 patients. While semirigid uretero-
scopic lithotripsy was applied in 1 patient, the resid-
ual fragments passed spontaneously in the other
patient. The procedural failure was observed in 3 pa-
tients in the RIRS group, and one of these patients
underwent PNL because the flexible ureteroreno-
scope could not reach the calyx containing the stone.
In the other two cases, SWL was applied because the
residual fragments after RIRS were larger than 4
mm.

The overall complication rates were 10% and
9.1% in the RIRS and SWL groups, respectively. In
a patient with high fever in the RIRS group, treatment
was continued with antipyretics and prophylactic an-
tibiotics after blood and urine cultures were obtained.
One patient who developed hematuria was treated

TABLE 2: Comparison of procedure time, and treatment
outcomes of the groups.
Variables SWL RIRS p value
SFR, n (%) 17 (77.3) 17 (85) 0.700
Retreatment, n (%) 14 (63.6) 1(5.0) <0.001
Auxiliary treatment, n (%) 5(22.7) 3(15) 0.700
Procedural time (mean+SD,) minutes 453+£5.06  78.2#20.6  <0.001

SD: Standard deviation; SFR: Stone-free rate; SWL: Shock wave lithotripsy;
RIRS: Retrograde intrarenal surgery.
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TABLE 3: Intergroup comparisons of complications.
Complications SWL RIRS
Fever (Clavien 1), n (%) 0(0) 1(5)
Hematuria (Clavien 1), n (%) 0(0) 1(5)
Steinstrasse (Clavien 3a), n (%) 9.1) 0(0)
Total 9.1) 2(10)

SWL: Shock wave lithotripsy; RIRS: Retrograde intrarenal surgery.

conservatively without the need for blood transfu-
sion. After the development of Steinstrasse in 2 pa-
tients after SWL, ureteroscopic lithotripsy was
performed in 1 patient, and the residual fragments
passed spontaneously in the other patient. The com-
plication rates between the groups are shown in
Table 3.

I DISCUSSION

Due to its non-invasive nature, low morbidity, and
potential outpatient treatment, SWL has been highly
accepted by patients and physicians.'>!* Due to these
advantages, it is still one of the treatment options in
the management of lower calyceal stones, despite
lower SFR and higher re-treatment rates.'* In our
study, we compared SWL and RIRS in the treatment
of 10-20 mm lower calyceal stones. The mean pro-
cedure time of the RIRS group was significantly
longer than the single-session SWL. This result is
consistent with the other studies published in the lit-

erature.'>!’

In our study, SFR was found to be 85% in the
RIRS and 77.2% in the SWL group, and this result is
consistent with the studies published in the litera-
ture.!*!® Although the RIRS group appeared to be suc-
cessful in terms of 3-month SFR compared to the
SWL group, the intergroup difference was not signif-
icant. This is likely due to the lack of a sufficient sam-
ple size. The re-treatment rate was significantly
higher in the SWL group than the RIRS group, and
also consistent with the literature.!*!>!8 These data
show that RIRS may be more effective and prefer-
able when compared with SWL considering its lower
re-treatment and higher SFR.

Since RIRS is a more invasive procedure than
SWL, a higher complication rate can be expected. In
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our study, complication rates were analyzed in both
intervention groups and although the complication
rate was slightly higher in RIRS, the intergroup dif-
ference was not significant. All complications were
managed with conservative therapy or endoscopic
techniques. The results of our study showed that both
treatment modalities are reliable as indicated in the
literature.!*!>18-20 Steinstrasse is a complication that
can affect 2% to 10% of patients who are undergoing
a SWL procedure. It increases the frequency of aux-
iliary procedures after SWL and therefore it is one of
the disadvantages of SWL.?! This complication is di-
rectly related to increased stone burden and was ob-
served in 2 patients in the SWL group in our study.
An auxiliary procedure (ureteroscopic lithotripsy)
was applied to one of these cases.

In our study, there was no significant differ-
ence observed between the treatment modalities in
terms of the rates of auxiliary procedures applied
in both groups. These data in our study are quite
consistent with the results of a previous study by
El-Nahas et al.'* Another detail we observed in our
study is that SWL and RIRS complement each other
as an auxiliary procedure in the treatment of sig-
nificant residual fragments that cannot be removed
after treatment.

There are some limitations in our study; the first
is that it is a retrospective study and the sample size
we described was relatively small for patients treated
with 10-20 mm lower calyceal kidney stones. Addi-
tionally, since USG and KUB have limited accuracy
in detecting residual fragments after treatment, this
may have led to erroneous estimates of the SFR in
the present study.

I CONCLUSION

RIRS and SWL are the preferred treatment modali-
ties in the treatment of 10-20 mm lower calyceal
stones with similar SFR and complication rates. Both
modalities were complementary for the treatment of
residual fragments. Prospective randomized studies
with a larger sample size comparing RIRS and SWL
should be performed to determine the first-line treat-
ment for 10-20 mm lower calyceal stones.
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