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Abstract

Objectives: Kidney stones are treated with many methods, but there is no consensus on which method should be preferred for
1-2 cm lower renal stones. In our study, we aimed to investigate the results of mini (Percutaneous Nephrolithotomy) PCNL and
(Retrograde Intrarenal Surgery) RIRS in lower renal pole 1-2 cm stones.

Methods: Twenty-four mini PCNL and 55 RIRS patients were included in the study. Demographic data of the patients and informa-
tion about stones on Non-Computed Tomography (NCCT) were recorded. Stone-free status (SFR), need for additional treatment
and complications of both methods were compared.

Results: Operative time was 55.2+20.8 min in mini PCNL and 70.7+36.5 min in RIRS, which was statistically significantly lower
(p=0.002). Length of hospital stay was 2.4+1.5 days in the mini PCNL and 1.3£0.7 days in the RIRS, which was statistically signifi-
cantly longer (p=0.011). In the postoperative 1st month and 3rd month stone-free rates (SFR) were higher in the mini PCNL group.
While the 1st month SFR was 91.6% and 54.5%, the 3rd month stone-free rates were 95.8% vs. 69.1%, respectively (p<0.001). The
need for re-treatment was statistically lower in the mini PCNL group (p<0.001). In terms of complications, the incidence of compli-
cations was 16.6% (pain in 2 patients, fever in 1 patient, need for blood transfusion in 1 patient) in the mini PCNL group and 21.8%
(pain in 2 patients, fever in 8 patients, sepsis in 2 patients) in the RIRS group. There was a significant difference between the two
groups (p=0.008).

Conclusion: Mini PCNL has a higher SFR, less need for re-treatment and fewer complications
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pproximately 2-3% of stone disease is reported in pe- invasive methods are applied for kidney stones requiring
diatric patients and its prevalence has recently been surgery due to technological advances.® Retrograde Intra-
reported to increase up to 10.6%." Increasing incidence  renal Surgery (RIRS) and Percutan Nephrolithotomy (PCNL)
of stones has become a major health concern.? Minimally  are treatment options for kidney stones, but there is no
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consensus on which method should be preferred for 1-2
cm.* While the advantage of flexible urethroscopy is less
renal damage and bleeding, the disadvantage is the need
for Double J (D-J) stent placement and the possibility of re-
intervention and ureteral injury. Although the possibility of
renal damage and bleeding is higher in PCNL procedure,
this situation has been minimized with improved instru-
ments (mini PCNL, super mini PCNL).*¢ The aim of this ret-
rospective study was to compare the efficacy and safety of
mini PCNL and RIRS for lower pole 1-2 cm kidney stones in
children

Methods

This study was approved by the Ethical Review Commit-
tee of Izmir Tepecik Training and Research Hospital (No:
2024/02-06, Date: 04.03.2024). Artificial intelligence (Al)
assisted technologies (such as Large Language Models
[LLMs], chatbots or image generators, ChatGPT) were not
used in the study. All procedures performed in the study
involving human participants were conducted in accor-
dance with the ethical standards of the institutional and/
or national research committee and the 1964 Helsinki Dec-
laration and its later amendments or comparable ethical
standards.

We retrospectively analyzed the clinical data of patients un-
der 18 years of age who underwent mini PCNL and RIRS at
Izmir Tepecik Training and Research Hospital between Jan-
uary 2018 and December 2023. In order to perform stone
operation in children, a specialized experience is required.
Since there may be more complications in stone surgery
in pediatric patients than in normal people, this study con-
sists of cases performed by specialists with at least 5 years
of surgical experience in stone surgery. Inclusion criteria
were (1) under 18 years old, (2) patients with no anatomi-
cal urinary tract abnormalities, (3) 1-2 cm lower pole kidney
stones and patients who will undergo surgery for this stone
for the first time (4) urine culture-negative patients. Exclu-
sion criteria were (1) acute pyelonephritis, (2) previous his-
tory of stone surgery, (3) <1 cm or >2 cm kidney stone. Af-
ter inclusion and exclusion criteria, 65 patients undergoing
mini PCNL and 24 patients underwent RIRS were included
in the study.

The primary endpoint of the study was to determine the
SFR and complication rates of SMP and RIRS methods at 1st
and 3rd months postoperatively. The secondary endpoint
was to compare the preoperative and postoperative results
of both surgical methods.

Urine cultures were performed before both procedures.
The procedure was planned after the urine culture was
negative. Patients undergoing the procedure received a

single dose of antibiotic prophylaxis before the operation.

Stone size was determined as the maximum diameter of
the stone. In the case of more than one stone, the total
stone size was obtained by summing the long axes of the
stones. Stone volume was obtained by multiplying the tri-
axial dimensions of the stone and dividing by two (x X y x
z/2). Stone density was measured using bone windows on
a Non-Contrast Computerized Tomography (NCCT) image.

For mini PCNL, the operative time was defined as the time
from the time the nephrostomy needle was inserted into
the collecting system until the skin was closed, while for
RIRS it was defined as the time from the time the URS was
inserted through the mea to the placement of the D-J stent.

SFR was evaluated by fluoroscopic evaluation at the end of
the procedure. No nephrostomy catheter or D-J stent was
placed in completely tubeless PCNL. Nephrostomy tube
and/or D-J stent were placed if there were any residual
stones, extravasation and bleeding. SFR was assessed with
Kidney-Ureter-Bladder graphy (KUB) or NCCT in imaging
studies performed at 1%t and 3@ months after surgery. Re-
sidual fragments <4 mm were defined as clinically insignifi-
cant residual fragments.

Duration of surgery, nephrostomy tube and/or D-J stent
placement, intra-postoperative complications and postop-
erative hemoglobin (Hb) decline were recorded. Complica-
tions were evaluated using the Clavien grading system."”

Endoscopic Procedure

Mini PCNL

All PCNLs were performed in supine position. The patient
was first placed in the lithotomy position under general an-
esthesia. In this position, a 5F ureteral catheter was placed
into the renal pelvis. The selected calyx was identified un-
der fluoroscopic guidance and a 0.035-inch guidewire was
inserted into pelvicaliceal system through a needle into
the calyx. A nephrostomy tract was created with metal dila-
tors (16F) accompanied by the guide wire. Fragmentation
of the stone burden was accomplished using a Holmium:
YAG laser with a laser fiber up to 365 Im and/or pneumatic
(Vibrolith®, Elmed, Ankara, Tirkiye) lithotripter. Stone frag-
ments were suctioned through the oblique tube under the
influence of negative pressure suction and pressure regula-
tion of the pressure ventilator. Larger fragments were col-
lected with forceps or baskets. After removal of the stones,
the SFR was evaluated by endoscopic and fluoroscopic im-
aging. D-J stent was placed in the presence of inaccessible
small fragments, bleeding, and edema. A nephrostomy
tube was placed in patients with significant bleeding or ex-
travasation.
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RIRS

In the lithotomy position, a 0.035-inch guidewire was in-
serted under rigid ureterorenoscopy (URS) guidance. A
ureteral access sheath (9.5F, 35 cm, Boston Scientific, USA)
was placed with the guidewire. The stone localized in the
lower kidney pole was accessed with a flexible URS. This 1-2
c¢m stone in the lower renal pole was fragmented with Hol-
mium: YAG laser. D-J stent was placed in each patient and
removed after 1-3 months.

Statistical Method

The data were evaluated in the statistical package program
IBM SPSS Statistics 25.0 (IBM Corp., Armonk, New York, USA).
Categorical variables were presented as frequency (%).
Continuous variables were expressed as meanzstandard
deviation (SD). Categorical variables were given as frequen-
cy and percentage. The relationship between categorical
variables was evaluated with the Pearson Chi-Square test.
Mann Whitney U test was used to compare two groups of
independent continuous variables where the normal dis-
tribution assumption was not met. A value of p<0.05 was
considered statistically significant.

Results

No difference was found in the comparison of demograph-
ic data (age, gender, BMI). There was no difference between
the groups in the preoperative NCCT evaluations (stone
density, stone size, etc). The mean length of stone volume
was 330.6+80.8 mm? in the mini PCNL and 270.6+£60.2 mm?
in the RIRS, but this difference was not statistically signifi-
cant. Table 1 shows the preoperative demographic and
NCCT data of the patients.

Operative time was 55.2+20.8 min in the mini PCNL and
70.7£36.5 min in the RIRS, which was statistically signifi-
cantly lower (p=0.002). The mean length of hospital stay
was 2.4+1.5 days in the mini PCNL and 1.3+£0.7 days in the
RIRS, which was statistically significantly longer (p=0.011).
After the procedure was completed, 41.6% of the patients
in the mini PCNL were placed with only a nephrostomy
tube, 20.8% with only a D-J stent, 4.1% with both, and
33.3% without a total tubeless. In the RIRS, a D-J stent was
inserted in all patients. Hb decrease in postoperative fol-
low-up was statistically higher in the mini PCNL (1.1+0.8
vs. 0.4+0.2) (p<0.001). Postoperative 1**and 3 month SFR
were higher in the mini PCNL. While the 1t month SFR
was 91.6% and 54.5%, the 3 month SFR was 95.8% vs.
69.1%, respectively (p<0.001). The re-treatment need was
statistically lower in the mini PCNL (p<0.001). Mini PCNL
was performed on 6 patients in the RIRS due to inacces-
sibility of the stone 1-3 months after RIRS procedure. In
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Table 1. Demographic and preoperative NCCT data of the patients

Mini PCNL RIRS P
(n=24) (n=55)
Age (years) 10.31£5.7 11.746.1 0.763
BMI (kg/m?) 18.3+3.9 17.7+2.8 0.651
Gender (n, %)
Female 8(33.3) 18 (32.7) 0.817
Male 16 (66.6) 37 (67.3)
Stone number (n, %)
Single 21 (87.5) 50(90.9) 0.785
Multiple 3(12.5) 5(9.1)
Stone side (n, %)
Right 13 (54.1) 38 (69.1) 0.216
Left 11 (45.9) 17 (30.9)
Stone Density (HU) 968+310 886+279 0.337
Stone Size (mm) 16.4+3.7 13.1£2.8 0.09
Stone Volume (mm?3) 330.6+80.8 270.6+60.2 0.04
Stone Density (HU) 968+310 886+279 0.337

BMI: Body MassIndex.

the RIRS group, D-J stent was placed in 3 patients due to
ureteral orifice stenosis and RIRS was performed again in
the following period. URS was performed in 2 patients in
the RIRS group after the fragments remained in the ure-
ter. Follow-up decision was taken for 1 patient in the mini
PCNL group and 5 patients in the RIRS group because of
the localization of the stones, which were considered to
be insignificant. Intraoperative and postoperative results
are described in Table 2.

The incidence of complications was 16.6% (pain in 2 pa-
tients, fever in 1 patient, need for blood transfusion in 1 pa-
tient) in the mini PCNL and 21.8% (pain in 2 patients, fever
in 8 patients, sepsis in 2 patients) in the RIRS. There was a
significant difference between the two groups (p=0.008).
Clavien 1 complications were higher in the mini PCNL and
Clavien 2 complications were higher in the RIRS. Clavien
3 complications were observed only in the RIRS group.
Clavien 4 and 5 complications were not observed in both
groups. Table 3 shows the postoperative complications of
the two groups.

Discussion

There is no consensus on the management of renal lower
pole stones because they are more challenging to reach
compared with renal stones in other localizations.® It is im-
portant to provide SFR in pediatric patients due to more
underlying genetic factors and more recurrence.”” ESWL,
RIRS and PCNL may be considered as treatment options for
1-2 cm renal lower pole stones; however, ESWL is not pre-
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Table 2. Comparison of patients peroperative and postoperative results
Variables Mini PCNL (n=24) RIRS (n=55) P
Mean operating time (min) 55.2+20.8 70.7+36.5 0.002
Mean postoperative hospital stay (days) 24+1.5 1.310.7 0.011
Mean (SD) hemoglobin drop, g/dL 1.1£0.8 0.4+0.2 0.001
Blood transfusion rate (n, %) 1(4.1) 0 NA
Tube
Nephrostomy tube only 10 (41.6) - NA
Ureteral stent only 5(20.8) 55 (100)
Total tubeless 8(33.3) -
Nephrostomy tube and Ureteral stent 1(4.1) -
SFR at 1 month
Yes 22 (91.6) 30 (54.5) 0.000
No 2(8.4) 25 (45.5)
SFR at 3 months
Yes 23 (95.8) 38(69.1) 0.000
No 1(4.1) 17 (30.9)
Re-treatment rate
Yes 0(0.0) 12(21.8) 0.00
No 24 (100) 43 (78.2)
Type of re-treatment procedure
Follow 1 5 0.00
RIRS 0 3
URS 0 2
ESWL 0 1
Mini PCNL 0 6

SFR: Stone Free Rate; RIRS: Retrograde Intrarenal Surgery; URS: Ureterorenoscopy; ESWL: Electroshock Wave Therapy; PCNL: Percutaneous Nephrolithotomy.

Table 3. Comparison of postoperative complications of both groups

Complication Mini PCNL RIRS p
(n=24) (n=55)

Clavien Grade |

Pain 2(8.3) 2(3.6) 0.001
Clavien Grade ll

Fever (>38.5 °C) 1(4.1) 8(14.5) 0.001

Blood transfusion rate 1(4.1) 0 NA
Clavien Grade 3

Sepsis 0 2(3.6) NA
Total 4(16.6) 12(21.8) 0.008

ferred by most clinicians because of the failure to complete
SFR and the need for additional re-treatment.*

Regarding ESWL treatment in pediatric patients, Demirke-
sen et al."% 126 patients and reported the results of ESWL
for upper and middle pol-renal pelvis and lower pol stones.
In their study, they found ESWL success rate of 80% in renal
pelvis stones, 65% in upper and middle pol stones and 62%
in lower pol stones. In our study, we preferred RIRS or mini
PCNL in this patient group because of the lower success rate

for lower pol stones and the larger stone size (1-2 cm) of the
patients. In addition, compared to RIRS, PCNL also provides
higher SFR, although more complications, more blood loss
and longer hospitalizations have been reported.'

In order to overcome the disadvantages of PCNL, it has
been aimed to perform operations with a thinner access
sheath. With technological advances, small PCNL tech-
niques have been developed.'? Bilen et al'? evaluated
three different sizes of PCNL access sheaths (14 Fr, 20 Fr and
26 Fr). They reported that the rate of postoperative compli-
cations and the rate of patients requiring blood transfusion
were lower in patients using the lower access sheath (14
Fr). In our study, we used mini PCNL with a 16F sheath in
patients undergoing PCNL.

RIRS is a difficult surgical procedure in the presence of a nar-
row infundulopelvic angle and a long calyx in lower pole
stones.®! In order to improve the SFR and to overcome the
related procedural failure, instruments called baskets, which
allow the stone to be carried to other parts of the kidney
and fragmentation, have been developed.'? In a systematic
review, Karim et al.'" examined the influence of lower pol



336

calcicial anatomy, i.e. infundibular pelvic angle, infundibu-
lar length and infundibular width on success and reported
that the SFR ranged between 78% and 88% and that the
infundibular pelvic angle was the most important factor in
treatment outcomes. In their meta-analysis, Kang et al.'"™ re-
ported that the SFR of kidney stones treated with RIRS was
approximately 66.7-94.1%. Other important factor affecting
SFR include stone size. Jiao et al.'® reported the safety and
efficacy of mini PCNL and RIRS. They reported that mini PCNL
was more effective than RIRS, especially in the lower pole be-
tween 1 and 2 cm kidney stones. In our study, we performed
RIRS on a pediatric patient with 1-2 cm lower pole kidney
stones. Our SFR rate was 54.5% in RIRS patients at 1% month
follow-up and 69.1% at 3 month follow-up. Compared to
mini PCNL, the SFR rate was lower. As a result, we can con-
clude that mini PCNL is a more feasible treatment option to
achieve SFR in lower pole kidney stones.

Due to the low efficacy of RIRS, additional procedures may
be needed. Jia et al.'”” compared the results of RIRS and
super mini PCNL in 1-2 cm kidney stones in children and
reported that no additional treatment was required in pa-
tients who underwent super mini PCNL, while 16% of pa-
tients who underwent RIRS required URS or RIRS and 4%
required ESWL. It is remarkable that 6 patients in the RIRS
group in our study could not reach the stone and required
mini PCNL operation in another session. In 1 of them, the
procedure could not be performed due to ureteric orifice
stenosis, and in 5 of them, access to the lower polic calyces
with a flexible ureterorenoscope was not available due to
the narrow infundibulopelvic angle.

The operation time varies depending on many factors such
as stone density, composition, size and volume, and local-
ization."" Prolonged operation time increases the possibil-
ity of complications. Especially prolonged intrarenal pres-
sure may lead to an increased risk of postoperative fever
and urosepsis."® Gao et al.""! compared 9 studies on opera-
tion time in their meta-nalysis and reported that the op-
eration time was shorter in patients who underwent mini
PCNL compared to RIRS. In our study, the operation time
was found to be statistically significantly shorter in patients
undergoing mini PCNL compared to RIRS.

Renal hemorrhage is one of the most worrying complica-
tions during PCNL.'" Since renal parenchymal integrity is
not disrupted in RIRS patients, severe hemorrhage is gener-
ally not observed.®! Sabnis et al.™ found that the decrease
in Hb between RIRS and mini PCNL was higher in the mini
PCNL group compared to RIRS. In our study, the mean Hb
level was 1.1+0.8 g/dL in the mini PCNL and 0.4+0.2 g/dL
in the RIRS and was higher in the mini PCNL. Only 1 patient
required blood transfusion.
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Less length of hospital stay is one of the success criteria in
the postoperative period. Shorter hospitalization periods
also reduce the cost of healthcare services.?” Chen et al.?!
compared the results of RIRS and PCNL in pediatric patients
in their randomized controlled study and found a shorter
hospital stay in the RIRS. Another study showed that the
hospital stay was significantly shorter in RIRS compared to
PCNL for renal stone; however, the hospital stay was sig-
nificantly shorter in patients who were treated with totally
tubeless PCNL.2"2 |n our study, although the proportion
of patients who underwent total tubeless treatment was
high, the duration of hospitalization was found to be high-
er in the mini PCNL group.

There are different opinions about both operative tech-
niques in terms of complications.>'22421 Gao et al.'" report-
ed no difference between the RIRS and mini PCNL groups in
terms of complications. In another study, PCNL was reported
to have higher complication rates than RIRS, and with the
reduction of access sheath size, PCNL complications were
similar to RIRS.?" Li et al.® reported 12% fever and 3% sepsis
in the RIRS group and 10% fever and 6.7% bleeding in the
PCNL group. In another study, the total complication rate
was reported as 12.5% in the mini PCNL group and 8.3% in
the RIRS group.? In our study, Clavien 2 and 3 complications
were found to be higher in the RIRS group, whereas Clavien
1 complication was found to be higher in the mini PCNL
group. Clavien 4 and 5 complications were not detected in
both groups. There were 14.5% cases of postoperative fever
(Clavien Il) in the RIRS group and 8.2% in the mini PCNL. One
case of postoperative urosepsis (Clavien Ill) was reported in
3.6% of patients in the RIRS group and recovered after treat-
ment. In the mini PCNL patient group, 1 patient required
blood transfusion, and complications such as interventional
embolization, colon injury and pleural injury were not seen.

The limitation of this study is that it was a retrospective and
single-center study. In addition, a uniform examination
method was not used for SFR evaluation in post-operative
controls to reduce radiation exposure.

Conclusion

This study demonstrated that both mini PCNL and RIRS are
safe and feasible surgical options for the treatment of 1-2
cm lower pole kidney stones; however, a higher SFR was
found in the mini PCNL. In addition, the need for re-treat-
ment was lower in mini PCNL. In our study, the incidence
of complications in mini PCNL was found to be low and is
different from other studies. This study will contribute to
the literature and may shed light on future studies. More
studies on this subject are needed because the incidence
of calculi in pediatric patients is lower than in adults.
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