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OBJECTIVE To compare outcomes of microepercutaneous nephrolithotomy (PNL; microperc) with mini-
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PNL (miniperc) in the treatment of pediatric renal stones of sizes 10-20 mm.

MATERIALS AND
METHODS

Patients aged <18 years who underwent PNL for renal stones of sizes 10-20 mm between August
2011 and March 2014 in 3 referral centers were reviewed retrospectively. Patients were evaluated

in the following 2 groups: microperc (group 1) and miniperc (group 2). Demographics and
perioperative parameters (fluoroscopy and operation time, hemoglobin drop, and stone-free and
complication rates) were retrospectively analyzed.
RESULTS A total of 119 patients were evaluated, including group 1 (n ¼ 56) for microperc and group 2

(n ¼ 63) for miniperc. We found mean stone sizes as 13.4 � 3.4 and 14.8 � 3.7 mm in the
groups, respectively (P ¼ .046). Mean operation and fluoroscopy times were 57.1 � 31.2 minutes
and 132.4 � 92.5 seconds in the microperc group and 68.9 � 36.7 minutes and
226.2 � 166.2 seconds in the miniperc group, respectively (P ¼ .110 and P <.001). Stone-free
rates were similar in both groups (82.1% vs 87.3%; P ¼ .433 and 92.8% vs 93.6%; P ¼ 0673) on
postoperative day 1 and at first-month follow-up. The mean hemoglobin drop in group 2 differed
from that in group 1 significantly (P <.001). The difference of average hospitalization times was
statistically significant (43.0 � 15.4 vs 68.5 � 31.7 hours; P <.001).
CONCLUSION Our outcomes show that microperc may be preferred as an alternative to mini-PNL for the treatment

of pediatric kidney stones of sizes 10-20mmwith comparable success and complication rates, as well as
shorter hospitalization and fluoroscopy times. UROLOGY 85: 1015e1018, 2015.� 2015 Elsevier Inc.
n recent years, there has been an increasing inci-
dence and prevalence of stone disease in pediatric
Ipopulation.1,2 Currently, an overall incidence of

pediatric nephrolithiasis has been reported as to be
increasing at a rate of 4% per year.3 To overcome this
important health problem, technologic refinements in
endourology have been advancing rapidly to achieve the
highest success with the lowest morbidity rate over the
years.

Percutaneous nephrolithotomy (PNL) in pediatric
population was first reported in a 14-year-old child in
1985.4 Afterward, Jackman et al introduced “miniperc” as
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a miniaturized PNL through an 11F peel-away vascular
access sheath in infants and preschool-age children.5

Today, miniperc is a well-established treatment modal-
ity and recommended especially for pediatric population.6

Recently, to decrease tract size and related morbidity,
microperc was present as a current new technologic
advancement based on improvements in the optical
puncture system.7 The feasibility and safety of microperc
in pediatric population were highlighted in limited
number of studies.8,9

Herein, we present our comparative clinical study of
microperc vs miniperc in the treatment of pediatric renal
stones. According to our best knowledge, this is the first
report of a comparison of these 2 modalities.
MATERIALS AND METHODS

Patients aged <18 years who underwent PNL for renal stones of
sizes 10-20 mm between August 2011 and March 2014 in 3
referral centers were reviewed retrospectively. The patients were
ttp://dx.doi.org/10.1016/j.urology.2015.02.010
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Table 1. Demographic values of the patients

Micro-PNL
(Group 1)

Mini-PNL
(Group 2) P Value

N 56 63
Male/female 31/25 26/37
Age (y)* 7.63 � 5.04 9.32 � 4.98 .100
Stone size (mm)* 13.4 � 3.4 14.8 � 3.7 .046
Stone localizationsy

Lowerz 28 6
Middlez 2 4
Upper þ middle — 1
Pelvicz 17 15
Pelvic þ middle 2 2
Pelvic þ lower 7 35

PNL, percutaneous nephrolithotomy.
* Mean � standard deviation.
y Distribution of stones in the kidney.
z Isolated.
classified in the following 2 groups according to the tract size:
microperc (group 1) and miniperc (group 2). Demographics
such as age, stone size, and perioperative parameters (fluoros-
copy and operation times, hemoglobin drop, stone-free rate
[SFR], and complication rate) were retrospectively analyzed and
compared by using a database system.

Routine biochemical and microbiological tests were per-
formed preoperatively. The patients with positive urine culture
results were also treated with appropriate antibiotics. Radiologic
evaluation was performed with renal ultrasonography (US),
intravenous urography, and/or computed tomography, if
required.

Operative Techniques
Mini-PNL procedure was performed in a standard fashion in the
prone position under general anesthesia. A ureteric catheter was
inserted into the kidney by the cystoscopic guidance to
demonstrate the configuration of the kidney with a diluted
contrast agent. Percutaneous renal access to the proper calyx
was achieved using an 18-ga needle with the C-arm fluoroscopy
guidance; 15F and 17F rigid nephroscopes were used within 18F
and/or 20F Amplatz sheath. Stone fragmentation was achieved
using ultrasound energy, and/or pneumatic intracorporeal lith-
otripsy. Stone removal was carried out with retrieval forceps.
Nephrostomy tube was routinely placed at the end of the pro-
cedure and removed on postoperative days 1-2.

Microperc procedure was performed in a standard manner in
the prone position under general anesthesia as described in the
literature.7 After insertion of a 6F ureteral catheter, percuta-
neous renal access to the proper calyx was achieved using a
16-ga “all-seeing needle” (PolyDiagnost, Pfaffenhofen, Ger-
many) with the C-arm fluoroscopy guidance, and then, inner
puncture shaft was removed. A 3-way connector allowing the
insertion of a 0.9-mm, flexible, micro-optic, laser fiber and
irrigation system was attached to the outer tip of the shaft. Stone
fragmentation was performed using a 200-mm holmium:yttrium-
aluminum-garnet laser fiber in different settings to achieve
dusting of fragments of sizes 1-2 mm according to stone disin-
tegration. The operative times were defined as the duration
between the beginning of the renal puncture and removal of
percutaneous system from the kidney for both procedures.

Barring complications, patients were routinely discharged
after removal of the urethral and ureteral catheters. All patients
underwent a radiologic assessment with plain radiography on
the first postoperative day and at their 1-month follow-up
appointment. Overall success was defined as no residual frag-
ment on plain radiography (kidney, ureter, and bladder [KUB])
and US images on the first month of follow-up. Postoperative
complications were evaluated using the Clavien grading
system.10

Data collections were performed using the SPSS statistical
package (version 16.0J; SPSS, Inc., Chicago, IL). Patient and
operative-related parameters were compared between the groups
using the Mann-Whitney U test for numerical variables and the
chi-square test for categorical variables. P values of <.001 for the
Mann-Whitney U test were considered statistically significant.

RESULTS
A total of 119 patients were evaluated, including group 1
(n ¼ 56) for microperc and group 2 (n ¼ 63) for mini-
perc. The mean ages of the patients were 7.63 � 5.04
years in group 1 and 9.32 � 4.98 years in group 2
1016
(P ¼ .100). We found the mean stone sizes as 13.4 �
3.4 mm in the microperc group and 14.8 � 3.7 mm in the
miniperc group (P ¼ .046). A total of 35 patients
(62.5%) simply had preferred microperc to retrograde
intrarenal surgery, open stone surgery, and/or shock wave
lithotripsy as the first treatment option, and 24 patients
(38.0%) had a previous treatment history with these
modalities before mini-PNL (P ¼ .295). The de-
mographic values and stone characteristics of patients are
summarized in Table 1.

Although SFRs were 82.1% in group 1 and 87.3% in
group 2 on postoperative day 1, the difference was not
statistically significant (P ¼ .433). After the spontaneous
passage of the small fragments, the stone-free status
increased to 92.8% in group 1 and 93.6% in group 2. The
mean operation and fluoroscopy times were 57.1 �
31.2 minutes and 132.4 � 92.5 seconds in the microperc
group and 68.9 � 36.7 minutes and 226.2 � 166.2 sec-
onds in the miniperc group, respectively (P ¼ .110 and
P <.001).

The mean hemoglobin drop in group 2 differed from
that of group 1 significantly (P <.001). All accesses were
subcostal interventions. Meanwhile, the difference in
average hospitalization times was statistically significant
(43.0 � 15.4 vs 68.5 � 31.7 hours; P <.001). However,
there was no statistically significant difference regarding
overall complication rates (P ¼ .159). A total of 3
complications (5.3%) were observed in the microperc
group, including saline extravasation (n ¼ 1) requiring
percutaneous abdominal drainage (Clavien grade IIIb)
and persistent renal colic (n ¼ 2) requiring stent insertion
in the microperc group (Clavien grade IIIb). Overall
complication rate was 12.6% in the miniperc group.
Hemorrhage requiring blood transfusion was seen in 5 of
them, and 1 patient underwent ureterorenoscopy and JJ
stent insertion because of larger fragments in the ureter
removing from the kidney (Clavien grade IIIb). Fever
that required intravenous medical treatments was
observed in 1 patient postoperatively (Clavien grade I).
One patient had urinary tract infection postoperatively
and was treated with appropriate antibiotic according to
UROLOGY 85 (5), 2015



Table 2. Comparison of postoperative outcomes

Micro-PNL Mini-PNL P Value

Operative time* (min) 57.1 � 31.2 68.9 � 36.7 .110
Fluoroscopy time* (s) 132.4 � 92.5 226.2 � 166.2 <.001
Hospitalization* (h) 43.0 � 15.4 68.5 � 31.7 <.001
Hemoglobin drop* (g/dL) 1.10 � 1.90 1.85 � 1.39 <.001
Stone-free rate,y n (%) 46/56 (82.1) 55/63 (87.3) .433
Success rate,z n (%) 52/56 (92.8) 59/63 (93.6) .673
Complications, n (%) 3 (5.3) 8 (12.6) .159
Fever (Clavien grade I) — 1
Urinary tract infection (Clavien grade II) — 1
Hemorrhagex (Clavien grade II) — 5
Renal colic requiring D-J stent insertion (Clavien grade IIIb) 2 1
Saline extravasation requiring percutaneous abdominal

drainage (Clavien grade IIIb)
1 —

Abbreviation as in Table 1.
Bold indicates statistically significant values.

* Mean � standard deviation.
y Outcomes on postoperative day 1.
z Stone-free rate at first month.
x Requiring blood transfusion.
culture results (Clavien grade II). The clinical and
operative outcomes are summarized in Table 2.
COMMENT
Although urolithiasis in pediatric population had been
reported to be 1%-3% of all urinary tract calculi previ-
ously,11 an increasing overall incidence of pediatric
nephrolithiasis has been mentioned in current population-
based studies.2,3 On the other hand, the current re-
finements in equipments such as smaller sheaths and optic
puncture systems have been suggesting that PNL pro-
cedures might be performed with minimal injury to pedi-
atric kidney stones without reducing the effectiveness.

Mini-PNL has gained a deserving popularity in pedi-
atric endourology based on published reports previously;
however, micro-PNL might be considered as a promising
alternative with its smallest tract size. Although micro-
PNL procedure requires only laser fragmentation
without the ability of retrieval of the fragments, it pro-
vides an advantage with optical renal puncture system.
Moreover, all layers are commonly passed in a single step
from the skin to the kidney via fiber optic by monitori-
zation, with no need for tract dilatation. Owing to this
facility, we may consider that a safety access can be per-
formed without harming surrounding organs and causing
a major bleeding. On the other hand, mini-PNL has an
advantage of retrieval of the fragments with graspers or
forceps besides having multiple steps and larger tract di-
latations compared with microperc. Therefore, based on
contribution to this area, we aimed to present our clinical
study addressing comparison of microperc and miniperc.

There are several studies presenting feasibility and safety
of microperc in pediatric population. Initially, Silay et al9

reported an SFR of 89.5% and only 1 complication as to be
saline intravasation managed with percutaneous drainage
intraoperatively among 19 pediatric patients in their
micro-PNL series. Then, Hatipoglu et al8 compared shock
UROLOGY 85 (5), 2015
wave lithotripsy and microperc procedure for pediatric
renal stones and found a similar SFR and lower additional
treatment in their study. Besides the aforementioned
clinical trials about micro-PNL, a greater number of clin-
ical studies have been reported for mini-PNL in the
treatment of pediatric kidney stones. Jackman et al5 first
reported “miniperc” using an 11F peel-away vascular ac-
cess sheath in 11 patients aged 2-6 years. They stated an
SFR of 85% without procedure-related complication.

Miniperc is a multistep procedure similar to standard
PNL with the advantage of providing a smaller tract size. It
may be considered that complications related to smaller
tract size in mini-PNL are expected to be lower in contrast
to conventional PNL equipment for pediatric population.
Bilen et al12 compared different sizes of PNL tracts (26F,
20F, and 14F tracts) in 46 pediatric patients. They reported
that smaller sized tracts achieved lower transfusion rates
but did not significantly have effects on SFRs. Recently,
Bodakci et al13 reported their single-center experience of
mini-PNL in infants <3 years of age and stated an SFR of
81.2%. The authors also specified colonic perforation in 1
case as well as persistent hemorrhage and urinary tract
infections regarding their complications.

Regarding our results, the SFRs were comparable
between microperc and miniperc. Our outcomes collab-
orate with other clinical reports addressing success and
complication rates of microperc and miniperc.9,11,12 We
may consider that retrieval of stone fragments via a
sheath in miniperc is advantage for the clearance of the
fragments compared with that in microperc. Additionally,
this fact may also prevent a possible renal colic in the
postoperative period. Although mean stone size in min-
iperc seems to be larger, it does not differ statistically.
However, besides the sizes, localizations of stones also
should be considered in preference of either microperc or
miniperc for the treatment of pediatric kidney stones. In
the microperc group, the number of isolated lower pole
stones (LPSs) was quite higher than that in the miniperc
1017



group, whereas coexistences of LPSs and renal pelvic
stones were seen in the miniperc group. Based on our
outcomes, herein, we may assume that microperc might
be considered for moderate sized and isolated LPSs in
pediatric population. In addition, miniperc may be
considered for coexistences of LPSs and renal pelvic
stones. However, these suggestions may not be relevant
unless a subgroup statistical analysis is performed
regarding SFRs according to different localizations of
stones. This drawback is also originated from the retro-
spective nature of our study. Furthermore, SFRs and
operative time may also be undesirable for microperc with
the increase of stone burden. Thereby, we limited the
stone sizes between 10 and 20 mm to evaluate the role of
microperc in pediatric moderate-sized kidney stones.
Moreover, microperc has already been fashioned for these
sizes of kidney stones in previous clinical trials.8,9 Our
present study is first in terms of being a comparison of
microperc and miniperc in pediatric kidney stones.

Meanwhile, we also found statistically significant dif-
ference with respect to mean hemoglobin drop. More-
over, 5 of the miniperc patients required blood
transfusion, whereas transfusion was needed for none of
the patients in the microperc group. Microperc has an
advantage of the fact that all layers are commonly passed
in a single step without needing larger tract dilatation as
described previously. Owing to this facility, indeed, we
may consider that a great hemorrhage might not be
expected related to larger sheaths used in miniperc.
Furthermore, the mean hospitalization time was pro-
longed in the miniperc group compared with that in the
microperc group. This fact may also be related to pro-
longed periods until removal of nephrostomy catheter in
miniperc procedures. Herein, we should highlight that no
patient required a nephrostomy catheter insertion in
microperc postoperatively as described in its standard
fashion. Although the operative time seems to be shorter
in the microperc group, the difference was not statistically
significant. Moreover, the fluoroscopy time differed
significantly compared with that in microperc. These facts
may also be associated with requiring multiple steps in
processing of dilatation to kidney in miniperc.

The overall complication rate seems to be higher in
miniperc; however, the difference was statistically signifi-
cant (5.1% vs 12.9%; P¼ .084). A total of 3 complications
were observed in the microperc group including saline
extravasation requiring percutaneous abdominal drainage
(n ¼ 1; Clavien grade IIIb) and persistent renal colic (n ¼
2; Clavien grade IIIb) requiring stent insertion in the
microperc group. One patient underwent ureterorenoscopy
and JJ stent insertion because of fragments in the ureter
removing from the kidney in the miniperc group (Clavien
grade IIIb). Fever requiring hospitalization for intravenous
medical treatment was also observed in 1 patient post-
operatively in the miniperc group (Clavien grade I).

There are also some limitations of the present study.
The stone-free status was assessed with KUB and US
1018
because of the concerns about the radiation exposure. It is
well known that KUB and US are not as sensitive as
computed tomography in the detection of residual stone
fragments. In addition, we did not perform an analysis
regarding the cost-effectiveness of procedures in our
study. Further prospective studies may reflect this area
considering the facts such as hospitalization, requirement
of additional equipment in miniperc including neph-
rostomy catheter and Amplatz sheath. Meanwhile,
retrospective nature may be considered as the main lim-
itation of the study. Despite these factors, we believe that
our study may contribute to the pediatric stone literature
with regard to a comparison of microperc with miniperc
procedures.

CONCLUSION
The outcomes of our present study show that microperc
may be preferred as an alternative to mini-PNL for the
treatment of pediatric kidney stones of sizes 10-20 mm
with comparable success and complication rates, as well
as shorter hospitalization and fluoroscopy times. Howev-
er, further clinical trials are needed to support our
opinion.
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