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Abstract The objective of the study is to evaluate the
effectiveness and safety of miniaturized percutaneous
nephrolithotomy (mini-PNL) method in infantile patients
<3 years of age diagnosed with renal stones. We studied 48
renal units in 40 patients of infantile patients <3 years of
age who underwent mini-PCNL at our institute. The mean
age of the patients was 24.02 (5-36) months. The mean
diameter of the stones was 22.3 mm (11-45 mm). Intra-
renal access was achieved under fluoroscopic (n = 43) or
ultrasonographic (n = 5) guidance under general anesthe-
sia. A 20 Fr peel-away sheath, a 17 Fr rigid nephroscope
and a pneumatic intracorporeal lithotripsy were used. Mean
operative time for PNL was 85 (25-135) min. Mean fluor-
oscopy time was estimated as 3.7 min. The mean hospi-
tal stay was 4.3 days (2-10). Mean hemoglobin loss was
0.89 g/L (11.56-10.67) and three of the patients, including
one case during the perioperative period, required blood
transfusions. Colonic perforation developed in one case. In
two patients, urinary drainage persisted for more than 24 h
after withdrawal of the nephrostomy tube. Seven patients
developed urinary tract infections (UTI). At the end of the
postoperative first week, the stone-free rate was estimated
to be 81.2 %. In conclusion, for percutaneous management
of renal stones in the infantile age group, mini-PNL is an
applicable treatment modality that can be applied through
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small incisions. It has higher stone-free rates, shorter hospi-
tal stays, and excellent esthetic outcomes. In this age group
especially, surgical exposure to hypothermia and radiation
should be avoided.
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Introduction

Urolithiasis is a serious problem worldwide. In recent stud-
ies, an increase in the incidence of stone disease has been
observed. This condition also demonstrates similar trends
in the pediatric population. In an epidemiological study
in Turkey, the incidence of stone disease was estimated as
14.8 % [1]. In our country, stone disease is most frequently
seen in the Southeastern Anatolia Region, where our hospi-
tal is situated.

Stone disease in children is often associated with anatomic
and metabolic abnormalities or infectious diseases, and the
risk of recurrence is high [2-5]. These factors make mini-
mally invasive procedures more important in this age group.

According to EAU guidelines, shock wave lithotripsy
(SWL) is preferred in the management of renal stones
smaller than 2 cm in diameter. However, SWL requires
repetitive sessions and is performed under anesthesia [6,
7]. However, in the management of renal stones larger than
2 cm in diameter, percutaneous nephrolithotomy (PNL)
has been considered to be the gold standard. In addition, in
cases with cystine stones, SWL refractory stones, or resid-
ual stones following open surgery/SWL, PNL have been
recommended [7].

In line with advances in technology, as a result of the
use of relatively more miniature endoscopic instruments,
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serious changes have been made recently in the manage-
ment of pediatric renal stones [6, 8]. Various studies have
been published about the safe use of PNL in the pediatric
age group. In these studies, stone-free rates up to 90 %
have been reported for PNL procedures [6]. However, a
limited number of studies have been performed about the
management of renal stones by PNL in the infantile age
group (0-3 years). Because of the relatively small and frag-
ile kidneys, and smaller ureteral and urethral calibers of
the infants, this intervention poses difficulties and creates
concerns for urologists. Urologists have been reluctant to
perform PNL in children because of concerns regarding the
use of large instruments in pediatric kidneys, parenchymal
damage and the associated effects on renal function, radia-
tion exposure with fluoroscopy, and the risk of major com-
plications including sepsis and bleeding [9].

In this study, we aimed to evaluate the effectiveness and
safety of miniaturized PNL (mini-PNL) method in infantile
patients <3 years of age diagnosed with renal stones, and
we present our single-center experiences on this issue.

Patients and methods

Our hospital is a tertiary care diagnostic and therapeutic
research center that provides health care to nearly seven
million people in the Southeastern Anatolia Region. During
the period between January 2011 and January 2014, mini-
PNL was applied to 48 renal units of 40 infants (17 girls
and 23 boys), including eight patients with bilateral kidney
stones. Symptomatic patients with kidney stones up to 2 cm
were first referred for SWL treatment. Mini-PNL was the
first treatment option for the patients with stones >2 cm and
shock wave-resistant stones <2 cm. Also mini-PNL was
mainly performed in the case of retrograde intrarenal sur-
gery (RIRS) failure or patient preference. Patients’ sex, age,
stone size, location, and laterality were the preoperative
factors. The demographic values, perioperative and pre-
operative measures including age, stone location and size,
presence of hydronephrosis, diagnostic imaging methods,
laterality, operation type, number and type of access, and
fluoroscopy time were prospectively recorded into a patient
entry system. The postoperative parameters evaluated
were the duration of the hospitalization, stone clearance
rates, hemoglobin decline, complication rates, auxiliary
methods and insertion of double-J (DJ) stent if applicable.
Pretreatment evaluation included physical examination, a
detailed history, creatinine, urine culture, urine analysis,
plain radiography, intravenous urography (IVU) and ultra-
sonography. Computed tomography (CT) was not regularly
performed unless the surgeon opted. Whenever detected,
positive urine cultures were treated with appropriate antibi-
otics preoperatively.
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Stone size was determined by measuring the longest
axis on preoperative radiologic investigation; in cases of
multiple calculi, stone size was defined as the sum of the
longest axis of each stone. The decision to perform stenting
was made according to the duration of the procedure, stone
load, and hematuria or the degree of visible trauma. The
patients were monitored for postoperative complications.

The nephrostomy tube was removed 1-2 days after the
procedure, when the drainage was clear, in the absence of
pain, fever, or urine leakage around the tube, and the Dou-
ble-J stent was extracted 4 weeks later. On postoperative
day 1, urethral and ureteral catheters were withdrawn. The
patient was discharged from the hospital when the nephros-
tomy tube was removed, as long as there was no leakage
from the PNL site and the urine was clear.

Kidney ureter bladder graphy (KUB) was done to assess
the stone-free rate in all patients after 1 day and 1 week of
follow-up. Clearance was defined as no residual stone on
KUB and ultrasound. All fragments <4 mm were consid-
ered Clinically Insignificant Residual Fragments (CIRF).
Data were recorded prospectively in a database.

Mini-PNL technique

All procedures were performed under general anesthesia.
The urologist inserted a 4F/5F retrograde ureteral catheter
into the patient in the lithotomy position. The tip of the cath-
eter was sited at the renal pelvis or within the upper pole
calyx, and its position was confirmed by instilling a small
amount of radiographic contrast medium into the collecting
system. A 10-12 F Foley catheter, depending on patient’s
age, was inserted into the urethra and taped to the ureteric
catheter. Then, the patient was turned to the prone position
with appropriate padding placed under the chest region to
avoid pressure sores and to provide adequate ventilation
during the procedure. In addition, the gonads of the patient
were protected from X-rays using gonad shields (Fig. 1).

During the operation, patients were kept warm because
of an increased risk of hypothermia in the pediatric popula-
tion [10]. To that end, an external heater was used routinely
(Nellcor WarmTouch, 220-240V, 50/60 Hz, USA).

The renal collecting system was opacified by retrograde
injection of contrast agent via the ureteral catheter, and a
mobile fluoroscopy C-arm was used to determine the calyx
to be punctured. The selected calyx was punctured under
fluoroscopic imaging using a 16-ga intravenous cannula
(angiocath) [11]. Once the calyx was accessed, an straight
tip, 0.035 in. diameter, 180 cm length, hydrophilic guidewire
was negotiated past the stone into the distal ureter and pref-
erably into the bladder. Later, the track was dilated sequen-
tially initially using plastic fascial dilators 6, 8, and 10 F. The
guide wire was kept in place if possible during the operation.
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Table 1 Symptomatic findings of patients
Abdominal pain 22 (55 %)
Vomiting/nausea 16 (40 %)
UTI history 13 (32 %)
Hematuria 11 (27 %)
Restlessness 9 (22 %)
Incidental 4 (10 %)
Septic manifestations 3 (8 %)
Anuria/oliguria 38 %)
Table 2 Patient demographics and stone characteristics

Fig. 1 Prone position of infant patient Number of patients 40 (48 renal units)

A Fr peel-away sheath was used in renal units. The
majority of cases were accessed via the lower pole calyx.
In some cases, the access tract was established via a mid-
dle posterior calyx. A 17 Fr rigid nephroscope (Richard-
Wolf, Knittlingen, Germany) and a pneumatic lithoclast
were used in some cases. Small fragmented stones were
extracted using grasping forceps. When necessary, X-ray or
ultrasound was used to search for fragments. At the end of
the procedure, fragmentation and clearance were assessed
by fluoroscopy. Extracted fragmented stones were sent to
analysis for stone typing.

At the end of the operation, a 14-Fr foley catheter was
inserted as a nephrostomy tube. Anterograde pyelography
was performed to evaluate the collecting system and assess
the amount of extravasations. A nephrostomy tube was not
inserted (tubuless) at the end of the same operation. For
example, operating time was between 30 and 60 min, sin-
gle access, and no residual stone fragments were present in
such cases.

Results

Between January 2011 and January 2014, 40 infant patients
underwent 48 mini-PNL procedures in our institute (eight
patients had treatment for bilateral renal stones). There
were 17 girls and 23 boys. Presenting complaints of
the patients are shown in Table 1 in order of decreasing
frequency.

The mean age of the patients was 24.02 (5-36) months.
Stones were localized inside the right (n = 27) or left
(n = 21) kidneys. They were detected in the renal pelvis
(n = 22), lower pole (n = 4), lower pole + pelvis (n = 12),
middle pole (n = 1), upper pole (n = 1), staghorn (n = 6)
and proximal ureter (n = 2). The mean diameter of the
stones was 22.3 mm (11-45 mm). Renal units were reached
through one (n = 38 renal units) or two (n = 10) access

Bilateral stones
Patient age (months)
Gender F/M

8
24.02 (5-36 months)
17/23

Stone size (mm) 22.3 (11-45)
>2 cm 26
<2 cm 22

Laterality L/R 21727

Location pelvis 22
Lower pole 4
Lower pole + pelvis 12
Moderate pole 1
Upper pole 1
Staghorn 6
Proximal ureter 2

Hydronephrosis
Grade 0 10
Grade 1 21
Grade II 14
Grade III 3

Stone opacity
Opaque 37
Radiolucent 11

Access type
Ultrasonic 5
Fluoroscopic 43

tracts. Intrarenal access was achieved under fluoroscopic
(n = 43 renal units) or ultrasonographic (n = 5) guidance.
Radiological evaluation of the stones revealed opaque and
non-opaque stones in 37 and 11 patients, respectively.
Demographic characteristics of the patients, mean size of
the stones, grade of hydronephrosis, and access type are
summarized in Table 2.

The type of approach was decided upon stone location,
and middle (n = 10) or lower (n = 38) poles were used for
access to stones. Upper pole access was not required in any
patients. On perioperative evaluation, tubeless PNL was
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Table 3 Distribution of stone compositions

Table 4 Intraoperative and postoperative parameters

Uric acid 2
Cystine 4
CaOx-CaP 5
CaOx 6
CaP 7
Unknown 16

applied without any massive bleeding with shorter opera-
tive times in a total of nine patients. Mean operative time
for PNL was 85 (25-135 min) minutes. Mean fluoroscopy
time was estimated as 3.7 min. On postoperative day 1,
complete stone-free state was achieved in 70.8 % of renal
units (34/48). Still, clinically significant (n = 9 renal units)
or insignificant (n = 5) residual stones were detected. At
the end of the postoperative first week, 81.2 % of renal
units (39/48) were spontaneously relieved of their clinically
insignificant residual stone fragments. Patients with clini-
cally significant stones underwent SWL (n = 4), re-PNL
(n=3)or URS (n = 2).

Stone analysis showed 2 uric acid stones, 4 cystine
stones, 6 calcium oxalate (CaOx) stones, 7 calcium phos-
phate (CaP) stones and 5 calcium oxalate—calcium phos-
phate stones. Also the stone composition was not known in
16 patients. Distribution of stone compositions was shown
in Table 3.

Mean hemoglobin loss was 0.89 g/L (11.56-10.67) and
three of the patients, including one case during the perio-
perative period, required blood transfusions. Mean post-
operative serum creatinine levels were not statistically
different when it compared to its mean preoperative levels
(p > 0.05).

Upon detection of a foul-smelling discharge around the
nephrostomy tube, radiological examinations were per-
formed which revealed colonic perforation. Oral intake by
the patient was discontinued. DJ stent was implanted on an
emergency basis, and the patient was given antibiotic ther-
apy for 7 days. The nephrostomy tube was withdrawn under
control, and the patient was managed conservatively with-
out any requirement for additional surgical intervention.

The mean hospital stay was 4.3 days (2-10 days). In
two patients, urinary drainage persisted for more than 24 h
after withdrawal of the nephrostomy tube. In one patient,
a conservative approach was used because of minimal uri-
nary leakage that ceased on postoperative day 5. In another
patient, a DJ stent was implanted on the postoperative day
2 because of profuse drainage. The stent of this patient was
removed 30 days postoperatively. In four patients, a subfe-
brile state developed that could be brought under control
using antipyretics during the early postoperative period.
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Operative time (mean mins) 85
Hospitalization time (mean days) 43
Fluoroscopic screening time (mean mins) 3.7
Double JS 8
Ureteral catheter 40
Tubeless PNL 9
Tube PNL 39
Postop hemoglobin decrease (mean) 0.89

Postoperative clearance at 24 h

Complete 34 (70.8 %)
Residual fragments 9
CIRF 5
Postoperative clearance at 1 week
Complete 39 (81.2 %)
Residual fragments 9
CIRF -
Access type
Ultrasonic 5
Fluoroscopic 43
Perop bleeding (procedure stopped) 1
Postop bleeding (transfusion required) 2
Fever 4
UTI 7
Colonic perforation 1
Prolonged urinary leakage 2
Additional procedures
URS 2
Re-PNL 3
SWL

Seven patients developed urinary tract infections (UTI).
Peri- and postoperative complications that developed sec-
ondary to the PNL procedure are shown in Table 4. Also,
when complications were investigated in terms of stone
composition, there was no statistical correlation between
them (p > 0.05).

Discussion

Presenting symptoms of pediatric stone disease vary with
the age of the patients. Especially in older children, com-
plaints of classical flank pain and hematuria have been
observed. However, in relatively younger children, the inci-
dence of gastrointestinal symptoms such as sudden abdom-
inal cramps, nausea and vomiting, and nonspecific symp-
toms as irritability increases [4, 5]. Generally, painless or
painful macroscopic hematuria is less frequently seen, and
microscopic hematuria is more frequently observed, which
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might be the only finding in the diagnosis of stone disease.
In our series, infantile patients presented most frequently
with complaints of abdominal pain (n = 22; 55 %), nausea/
vomiting (n = 16; 40 %), UTI (n = 13; 32 %), hematuria
(n=11; 27 %), restlessness (n = 9; 22 %), incidental stone
disease (n = 4; 10 %), septic manifestations (n = 3; 8 %),
and anuria/oliguria (n = 3; 8 %). Medical history of 13
patients revealed that these patients had previously suffered
from UTI. Based on these results, we recommend attentive
evaluation of patients presenting with recurrent UTI for the
presence of urolithiasis.

Surgical management of urolithiasis in children has
evolved dramatically in the last two decades. In the 1980s,
the advent of SWL revolutionized pediatric stone manage-
ment, and it is currently the procedure of choice for treating
most upper tract calculi in industrialized nations. Today,
SWL is one of the main modalities for treating pediatric
renal stones, and selected cases can be managed effectively
and safely using SWL. However, the long-term effects of
shock waves on developing kidneys are not clear and many
studies have shown that the success rate of SWL decreases
significantly with increasing stone size and number [12—
14]. The requirement for multiple sessions and the need for
general anesthesia in children are other drawbacks of this
procedure [15].

Percutaneous nephrolithotomy (PNL) has significantly
higher stone-free rates and lower requirements for ancillary
procedures compared with SWL [9, 16, 17]. This trend is
further promoted by the introduction of mini-PNL, which is
postulated to be less invasive compared with standard PNL
because of the miniaturized instruments [18]. However,
PNL may present problems in children, despite modifica-
tions such as the “mini-perc,” because of the small size and
mobility of the pediatric kidney, friable renal parenchyma,
and the small size of the collecting system. Today, PNL is
typically reserved for larger stone burdens and failed SWL
treatments because of its more invasive nature [15, 17, 18].

Due to the location of our hospital in an endemic stone
region, we very often encounter cases of pediatric stone
disease. Recently, we have not performed open stone sur-
gery due to increased experience at the pediatric PNL. In
compliance with urological guidelines, we perform SWL as
first-line management in children with stones smaller than
2 cm in size. For stones refractory to SWL or those with
a density of more than 1,000 HU, we prefer PNL. Gener-
ally, in the pediatric age group, higher stone-free rates (73—
96 %) have been reported in PNL series [19-21]. Unsal
et al. [9] reported stone-free rates of 83.3 % in a pediatric
population <5 years of age using mini-PNL monotherapy.
In our study, the mean stone size was 22.3 mm, and the
stone-free rate was estimated to be 81.2 %. In our study,
the stone-free rate was similar to those reported in the
literature.

Few centers have reported their experiences with PNL
in infants and very young children [9, 10, 14]. In a mini-
PNL series performed in 19 infants, Guohua Zeng et al. [6]
indicated stone-free rates of 85 and 95 % for stones with a
mean diameter of 2.2 cm at the end of the first and second
PNL sessions, respectively. In the recently published origi-
nal study, Guven et al. reported a stone-free rate (SFR) of
94.7 % in 17 infants and small children with large renal cal-
culi who underwent PNL. Unlike in adults as well as older
children, management of large stones in infants requires a
high level of performance and experience. We believe that
an SFR of 94.7 % for PNL monotherapy in infants could be
successful [16]. As far as we know, ours is the largest series
investigating the efficacy of mini-PNL in this age group.
We achieved a mean stone-free rate of 81.2 % in 48 renal
units of 40 infants at the end of the first post-PNL week.
We believe that an SFR of 81.2 % for PNL monotherapy in
infants is acceptable.

However, it should be kept in mind that the higher inci-
dence of metabolic and anatomic abnormalities in infants
(when compared to the adult population) is a major concern
in stone formation and may influence the choice of man-
agement option and the ultimate effectiveness of treatment
[8].

Percutaneous nephrolithotomy with adult-size instru-
ments may present problems in infants and preschool-aged
children because of the small size and mobility of the pedi-
atric kidney, friable renal parenchyma, and the small size
of the collecting system [7]. One of the most frequent and
serious complications encountered during percutaneous
nephrolithotomy is massive bleeding which appears to
approach 7-15 % in many studies reported in the litera-
ture. Bleeding is an important factor affecting both patient
mortality and stone-free rates. Calibers of the instruments
used, stone burden, and operating time have been reported
as influential factors on the requirement for blood transfu-
sion in the pediatric age group [22, 23]. In our study, bleed-
ing requiring blood transfusion occurred in a total of three
patients (7.5 %) during the peri- and postoperative periods
(n =1 and 2 patients, respectively).

Pediatric PNL conveys a higher risk of hypothermia
compared to adult patients [24]. Especially in cases with
challenging calyceal access or those with excess stone
burden, pediatric patients can easily enter into hypother-
mia during prolonged operations because of cold irriga-
tion, and the partially uncovered body of the patient might
delay recovery from anesthesia [25]. To refrain from these
problematic conditions, we believe that ambient room tem-
perature should be adjusted, and irrigation fluids should
be brought to body temperature to avoid exposure of the
patient to a cold environment during preoperative and post-
operative periods. In our study group, hypothermic compli-
cations were not observed in any patients. We recommend
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routine warming of the irrigation fluid and use of external
heaters during PNL, especially in the infantile age group.

One of the unavoidable downsides of PNL surgery is
exposure to radiation. Exposure to radiation is a much more
important issue for pediatric patients. One of the measures
to be taken to avoid this problem is to use ultrasonographic
guidance during creation of an access tract. Penbegiil et al.
[26] reported significantly less exposure to radiation in
their series of 19 cases in which they created access tracts
under ultrasonographic guidance. In our study, we planned
to make US-guided intrarenal accesses in 10 patients; how-
ever, we could only achieve US-guided intrarenal entry in
seven of these cases without the aid of fluoroscopic sup-
port. One of the important issues concerning alleviation of
radiation exposure during PNL relates to protection of the
patients’ gonads. Meticulous care should be exerted in this
age group due to incomplete gonadal maturation. In our
routine practice, we achieve gonadal protection by plac-
ing a thyroid shield under the gonadal region of the patient
[27].

One of the most serious complications encountered dur-
ing percutaneous nephrolithotomy is colonic perforation,
which has been reportedly encountered more often dur-
ing entry into the upper and lower poles of the horseshoe
kidneys. In PNL series cited in the literature, colonic per-
forations have been reported at a rate of 0.2-0.8 % [28].
Intestinal trauma can be revealed on antegrade pyelograms
obtained at the end of the operation that demonstrates leak-
age of gas or colonic contents from the inside or periphery
of the nephrostomy tract, or development of colocutaneous
fistula after removal of the nephrostomy tube. Various ther-
apeutical approaches have been described concerning the
management of colonic perforation developed during per-
cutaneous nephrolithotomy. In cases with retrorenal colonic
perforations, placement of a stent inside the pelviocalyceal
system to divert the urinary system from the colon and then
pulling nephrostomy tube back into the colon so as to allow
formation of a controlled colocutaneous fistula are recom-
mended approaches. Also in our series, colonic perforation
developed in one case. Foul-smelling drainage around the
nephrostomy tube was observed on the postoperative day
1. We detected retrorenal colonic perforation. As has been
recommended in the literature, we inserted a DJ stent and
created a controlled nephrocutaneous tract. The patient was
discharged uneventfully following a conservative therapeu-
tic approach.

As reported in the study by Bilen et al. [15], after sur-
gery in tubeless mini-PNL operations, the lack of bleeding
or minimal bleeding may indicate that there is no need for
a nephrostomy tube, or that placing a urethral stent might
be sufficient and even less invasive. In recent years, many
studies have been performed related to tubeless PNL. In
these studies, relatively shorter hospital stays and lesser
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requirements for analgesia have been reported in cases with
tubeless PNL [29, 30]. We also applied tubeless PNL in
which we achieved complete stone-free rates in relatively
shorter operative times in nine (18.7 %) patients without
using a lithotriptor for stone extraction.

One of the minor complications encountered after per-
cutaneous nephrolithotomy is prolonged postoperative
urinary leakage around nephrostomy tract, which is seen
in 8 % of cases [23, 31]. In the literature, in cases of pro-
longed drainage exceeding 24 h, implantation of DJ-stent
has been recommended. In our series, in two cases pro-
longed drainage developed. In one patient, a conservative
approach was applied. On postoperative day 2, a DJ stent
was inserted in the other patient.

Conclusions

For percutaneous management of renal stones in the
infantile age group, mini-PNL is an applicable treatment
modality that can be applied through small incisions. It has
higher stone-free rates, shorter hospital stays, and excel-
lent esthetic outcomes. In this age group especially, sur-
gical exposure to hypothermia and radiation should be
avoided.

Conflict of interest None to declare.
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