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INTRODUCTION

Pediatric nephrolithiasis is increasing globally and is endemic 
in developing countries. It is usually associated with urinary 

tract infection (UTI), anatomical and metabolic abnormalities, 
together with climate and dietary factors. Therefore, 
nephrolithiasis in children has a high rate of  recurrence; with 
an overall 5-year recurrence rate of  55% (95% confidence 
interval: 38-70%).[1,2]

The treatment options for pediatric stones are shock wave 
lithotripsy (SWL), retrograde intrarenal surgery (RIRS), 
percutaneous nephrolithotomy (PNL) and open/laparoscopic 
stone surgery. The ideal treatment modality is that with high 
stone clearance rate and low morbidity. In view of  this, SWL 
is generally preferred for renal stone <1 cm and PNL offers 
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high stone clearance with low morbidity for upper urinary tract 
stones >1.5 cm.[1,3]

Woodside et al. were the first to report successful PNL in a 
14-year-old child in 1985. Afterwards, the procedure became 
more popular and was enforced by wider experience in adult 
PNL and miniaturization of  the equipment. Nowadays, PNL 
has become the standard treatment for renal stones >1.5 cm in 
preschool-aged patients.[3] Furthermore, a “mini-perc”/tubeless 
PNL technique has been introduced to reduce the morbidity of  
the standard PNL with comparable stone clearance.[1,4] Herein, 
we introduce our early experience with PNL in managing 
pediatric stones and demonstrate the outcome of  tubeless PNL 
in comparison to the standard one.

MATERIALS AND METHODS

The study was reviewed and approved by our institutional ethical 
review boards and informed consent was obtained from the 
family of  each child. Between May 2011 and April 2013, a total 
of  38 children underwent PNL for renal stones in our hospitals. 
Nine patients had bilateral renal stones with a total of  47 PNL 
procedures performed. Patient, stone(s) and upper tract-related 
factors were recorded in a prospective database. Inclusion criteria 
included: Stone burden >1.5 cm with functioning renal unit, 
no UTI, no anatomical renal abnormalities and a minimum 
of  6 months follow-up postoperatively. Three patients had 
percutaneous nephrostomy tube (NT) inserted initially to 
drain infected hydronephrosis. Those with documented UTI 
underwent surgery 1-week after clearance of  infection. For cases 
with bilateral stones, asynchronous procedures were performed.

Preoperative investigations in the form of  urinalysis, renal 
function tests, complete blood count, coagulation profile, 
random blood sugar, abdominal ultrasonography (US), 
plain abdominal X-ray (kidneys, ureters, bladder [KUB]), 
noncontrast computerized tomography (NCCT) were done in 
all patients. Fifteen patients already had intravenous urography 
done outside our hospitals. Renal scan using 99mtechnetieum 
dimercapto-succinic acid (DMSA) was indicated for those with 
severe hydronephrosis and cortical thinning.

The procedure was started under general anesthesia (GA), with 
administration of  intravenous broad-spectrum antibiotic 1 h 
before induction of GA. With the child in lithotomy position, an 
8.5-French pediatric Storz cystoscopy was initially performed to 
place an ipsilateral 4- or 5-French ureteral catheter (UC). Later, 
the patient was placed in the prone position. Iodinated contrast 
media was injected through UC and the renal access was performed 
under fluoroscopic guidance. Tract dilatation was performed 
using graded dilators up to a 24-French and then an Amplatz 
sheath 20- or 24-French was introduced (according to surgeon 

preference). A 17-French Wolf rigid nephroscope was used for 
all cases and a flexible 15-French nephroscope was available when 
indicated. Stones were fragmented with a pneumatic lithotripter 
and extracted by grasper. Number and location of access points, 
blood loss, hospitalization time, stone burden, stone clearance, and 
complications (according to the modified Clavien classification) 
were recorded.[5] Success was defined if stones are totally removed 
without the need for an auxiliary procedure.

After confirmation of  stone clearance fluoroscopically, UC was 
left in all cases. According to surgeon choice, a 14-French NT 
was left in the renal pelvis (conventional PNL) or not (tubeless 
PNL). For unreachable significant fragments (≥4 mm), the UC 
was replaced by double-J stent prior to SWL.

On postoperative day 1, documentation KUB (for radio-opaque 
stones) and US were performed. When the urine was clear, NT 
was to be removed by the 1st or 2nd postoperative day followed 
by UC removal 1-2 days later in case there was no leakage or 
fever. In tubeless PNL, UC was removed once the urine was 
clear with no leakage or fever. Stone analysis was performed for 
all cases. All patients were advised to take plenty of  oral fluids 
and low-salt diet. For cystine stones, patients were maintained 
on potassium sodium hydrogen citrate 1 mEq/kg/day in 
2-3 divided doses. For struvite/matrix stones, stone and 
urine cultures were done and patients were maintained on 
the appropriate antibiotics for 3 consecutive months. The 
follow-up visits were scheduled at 1, 3, 6, 12, 18 and 24 months 
postoperatively; where urinalysis and US were performed for 
all patients. Further management was individualized.

Statistical analysis was performed using inter-cooled STATA®, 
version 9.2, Texas, USA. Analysis included; the Chi-square test 
or Fisher’s exact test for comparison of  the categorical data, 
and the Mann-Whitney U-test (values expressed as median, 
inter-quartile range) compare the noncategorical data.

RESULTS

A total of  25 boys and 13 girls, aged ranges between 3 and 
12 years (median 8), underwent 47 PNL procedures. Right 
sided PNL was done for 21 cases. Previous ipsilateral open 
renal surgery for stones was recorded in 7 children. UTI (42%), 
hematuria (37%), and abdominal pain (21%) were the 
common presenting symptoms. Three units had already a NT 
access to drain an infected kidney. Radiolucent renal stones were 
detected in 10 patients. Stones were single in 42.5% (pelvic 
in 34%, in calyceal in 8.5%), multiple (pelvic and calyceal) in 
49% and staghorn in 8.5%. HN was noted in 35 renal units, 
with severe HN detected in 6 (split renal function ranged 
from 10% to 24% in DMSA scan). No associated metabolic 
abnormalities were noted in any of  the patients.
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Stone length ranged from 1.5 to 5 cm (median 2.3). Only one 
subcostal access was established in each procedure using 20-Fr 
Amplatz in 13 patients and 24-Fr Amplatz in the rest. Access 
was gained through the lower posterior calyx in 39 units and 
through the middle calyx in 8. After completion of  PNL, 17 
procedures passed tubeless and the rest (30/47 patients) had 
a 14-French NT left in the renal pelvis [comparison between 
conventional and tubeless PNL is shown in Table 1]. The 
operative time ranged from 30 to 120 min (median 90). The 
median hospital stay was 3 days (range: 2-15).

As regards the stone clearance; 43 units were clear after the 
first session PNL. Nephroscopic clearance under GA through 
the same access tract was performed for one patient 2 days 
postoperatively. Single session SWL under GA was performed 
for 3 patients with unreachable fragments after 3-4 weeks in the 
presence of double-J stent. Accordingly, our initial stone-free rate 
(SFR) was 91.5% and cumulative SFR after auxiliary procedures 
was 100% at 3 months follow-up visit [Figures 1 and 2].

Overall complications were noted in 5/47 (10.6%) of  patients; 
Clavien Grade II in 4 patients and Grade IIIa in 1 patient. 
Tubeless PNL was not associated with more complications/

auxiliary procedures than conventional PNL [Table 1]. There 
was no significant bleeding that necessitates transfusion in any 
except one case with staghorn stone. No case required open 
conversion. Two cases, with previously infected kidney and 
NT, suffered from postoperative high grade fever for 24 h in 
spite of  absence of  significant growth in urine culture from 
the NTs prior to PNL and they were managed conservatively. 
One case, with severe HN preoperatively, developed leakage of  
urine after removal of  the UC (with no stone on postoperative 
NCCT) and resolved spontaneously by the 6th postoperative 
day. An 11-year-old girl had recurrent hematuria for 5 days 
after PNL, for which renal angiography was done and revealed 
no abnormalities. The patient was then treated conservatively.

Stone analysis was available for 42 procedures and revealed 
calcium oxalate in 15 (31.9%), uric acid in 7 (14.9%), struvite 
in 6 (12.7%), matrix in 3 (6.4%), cystine in 3 (6.4%) and 
mixed in the rest (27.7%). After a median follow-up period 
of  12 months (range: 6-24), all patients were stone-free; no 
recurrence or hydronephrosis was encountered.

DISCUSSION

Pediatric urolithiasis is usually associated with metabolic 
disturbances or UTI, which leads to multiple recurrences or 
with obstructive anomalies that necessitate reconstruction 
along with removal of  the stone, hence the validity of  PNL 
in treating such stones.[1]

Percutaneous nephrolithotomy for pediatric renal stones >2 cm 
is associated with less hospital stay, less blood transfusion and 
less JJ stent implantation, compared with open surgery. Both 
techniques had comparable outcome.[6] Moreover, pediatric 
PNL has higher stone-free and lower re-treatment rates for 
1-2 cm renal stones, compared with SWL.[7] When comparing 
PNL to RIRS for renal stones 1-3 cm, both have similar SFR 
and complication rate, although RIRS is associated with shorter 
operative time and hospital stay as well as no blood transfusion 
required.[8] Further studies are still needed to confirm such 
benefits of  RIRS. Our results are comparable to pediatric 
PNL in the literature; Table 2.[9-17] Clinical Research Office 

Table 2: Outcomes of pediatric PNL in the literature
Report Number of 

procedures
Mean age 

(years)
Mean stone 

burden (cm2)/length (cm)
SFR after 

fi rst PNL %
Complication 

rate %
Mean hospital 

stay (days)

Onal et al.[9] 1205 8.8 4.09 81.6 27.7 5.1
Samad et al.[10] 188 8.2 2.72 59.3 54.3 4.5
Holman et al.[11] 138 8.9 5.07 98.2 16.7 4.8
Guven et al.[12] 107 7.1 2.72 70.1 14 -
Bhageria et al.[13] 102 11.95 >2 83 23 -
Shokeir et al.[7] 82 6.6 1.44 95 4.9 3
Rizvi et al.[14] 62 - 4.7 67.7 59.6 4
Badawy et al.[15] 60 6 >1.5 83.3 18.3 3.9
Raza et al.[16] 43 6.4 4 79 32.6 -
Present study 47 7.9 2.4 91.5 10.6 3.9

PNL: Percutaneous nephrolithotomy, SFR: Stone-free rate

Table 1: Comparison of conventional versus tubeless PNL
Variable Conventional 

PNL (n=30) %
Tubeless 

PNL (n=17) %
P

Age at presentation (years) 8 (6, 11) 8 (6, 9) 0.929
Sex: male 76.7 47.1 0.057
Laterality of stone (s): Right 40 52.9 0.391
Location of stone (s): Pelvic 40 23.5 0.449
Opacity of stone (s): Opaque 80 76.5 0.776
Stone (s) length (mm) 21 (18, 29) 25 (20, 27) 0.190
Ipsilateral previous open 
renal surgery

13.3 17.7 0.692

Preoperative urine cultures: 
Infected

30 58.8 0.069

Operative time (min) 90 (66, 108) 90 (75, 100) 0.938
Hospital stay (days) 4 (3, 4) 3 (2, 4) 0.067
SFR after fi rst PNL 90 94.1 0.627
Overall complications 0.397

Clavien Grade II 6.7 11.8
Clavien Grade IIIa 0 5.9

Follow-up (months) 11 (8, 18) 14 (6, 18) 0.955

PNL: Percutaneous nephrolithotomy, SFR: Stone-free rate
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of  the Endourological Society PNL Global Study showed 
that pediatric PNL has similar success and complication 
rates to those in adults in presence of  appropriate evaluation, 
equipments and experience.[12] Extended indications of  PNL in 
children were addressed by Samad et al. to include those with 
anatomically abnormal kidneys, impaired renal function and 
synchronous bilateral PNL.[10]

Regarding the age of  the child at interference, many series 
stated the safety and efficacy of  PNL in all pediatric age groups 
including infants.[17] Although we routinely used NCCT, for 
preoperative evaluation of  PNL for surgical planning and to 
exclude retrorenal colon (up to 4.4% in normally situated 
kidneys), some authors suggest that intravenous urography may 
be enough for those with no anatomical renal abnormalities 
or previous ipsilateral renal surgery.[18] To minimize children 
exposure to radiation, we did postoperative NCCT in one case 
only with persistent urine leak after NT removal to exclude any 
migrating ureteral stones, otherwise KUB and US were used 
to define our SFR.

In our practice, we limited fluoroscopy time to the minimum. 
Alternatively, ultrasound guidance of  pediatric PNL provides 
less radiation exposure, no adjacent organ injury, and equivalent 
outcome as fluoroscopic guidance.[19] A single subcostal puncture 
was used in all of our cases. It was shown that supracostal PNL in 
children is similar to the subcostal ones, however the complication 
rate in the former (15-50%) is relatively higher.[13,20]

Percutaneous nephrolithotomy in pediatric population was 
reported using either the adult-size or pediatric instruments 
with no significant difference in the clinical outcome.[17,20] 
Although the smallest adult-size instrument (17-Fr rigid 
nephroscope) had been used in the current study with 
reasonable outcome, we recommend using the pediatric 

instruments to minimize the potential impact on such growing 
kidneys, and to decrease the blood loss and painful incisions. 
Moreover, the operative time is not significantly longer with 
the use of  pediatric nephroscopes. Ultra-mini-PNL using a 
novel 6-Fr mininephroscope through an 11-13 Fr metal sheath 
together with holmium: YAG laser lithotripsy is an interesting 
alternative for renal stones <2 cm.[21] The nephrostomy-less 
and the totally tubeless PNL are increasingly practiced in the 
literature and reported to be safe and effective procedures 
for both adults and children; with a significant reduction of  
hospital stay and analgesic requirement.[17,20,22] In our study, 
the outcomes of  the nephrostomy-less and conventional PNL 
were comparable and hence tubeless PNL can be done safely 
for children.

Second-look PNL is getting more popularity among the 
endourologists, especially in adults where it is usually done 
under local anesthesia. On the contrary, it has to be done under 
GA in children.[23] In our study, both SWL and nephroscopic 
clearance for residual stones were comparable, so decision for 
such cases should be individualized as both will be done under 
GA. Flexible ureteroscope (which was temporarily unavailable 
during our study period) and/or multiple puncture PNL can 
improve SFR and minimize auxiliary procedures.[1,9]

As regards the complication of  PNL in the pediatric 
population, many series stated that it is comparable to those in 
adults.[12] In our study we had 10.6% with minor complications 
that were managed conservatively, which is acceptable as our 
early experience. According to the largest pediatric PNL study; 
a longer operative time, larger sheath size, mid calyceal puncture 
and partial staghorn stones were the predictors of  complicated 
PNL on multivariate logistic regression analysis.[9]

We did not notice any recur rence after our shor t 
follow-up (median 12 months) probably because of  our 

Figure 1: Non-contrast computerized tomography (a and b) and matrix 
calculi specimen after percutaneous nephrolithotomy (PNL) (c) of a 
3-year-old girl with recurrent bilateral stagging renal stones 3.8 cm 
on the right side and 4.5 cm on the left. She underwent successful 
eventless asynchronous bilateral tubeless PNL (1 month apart). 
Stone culture showed proteus mirabilis infection. The patient received 
prophylactive trimethoprim/sulfamethoxazole at dose of 2/10 mg/kg 
at bedtime for 3 months. No recurrence was noticed after 18 months 
of follow-up

cba

Figure 2: Kidneys, ureters, bladder (a), IVU after 30 min (b) and 
postoperative KUB (c) of a 12-year-old boy showing a 2.5-cm left 
renal pelvis stone and 7, 6 mm lower calyceal calculi. Non-contrast 
computerized tomography scan showed no retrorenal colon. 
Conventional percutaneous nephrolithotomy through the lower calyx 
was successfully done with smooth postoperative recovery. He was 
discharged from the hospital after 4 days

cba
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patients’ adherence to the instructions and follow-up visits. 
The reported stone recurrence rate after pediatric PNL was 
2.4-31.2% within a follow-up period of  0.5-11 years. This 
was usually related to re-growth of  residual stone fragments, 
duration of  follow-up and cystine stones.[7,10,24]

CONCLUSION

We presented our initial experience of  pediatric PNL. In 
our hands (after many years of  practicing adult PNL), the 
procedure is quite safe and effective. With accumulating 
experience, we will be able to do tubeless PNL with earlier 
hospital discharge of  our patients. Limitations of  our 
study include the relatively small number of  cases, lack of  
randomization and the short-term follow-up.
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