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Background: Efficacy of percutaneous nephrolithotomy in adults has been studied well in past. 
However, such studies are sparse within paediatric age group. As this procedure is being adopted 
in smaller and older children alike, we wanted to determine its safety and efficacy in two different 
age groups of children (preschool age and school age). Methods: The records of 59 children 
undergoing PCNL at our department from December 2009 to May 2017 were reviewed 
retrospectively. Patients were placed into 2 age groups including children ≤7 years old (group 1) 
and those ≥7 years (group 2). Twenty-seven patients were put in preschool group with mean age 
of 4.8±2.1 years while 32 patients in school age group having mean age of 11.8±4.6 years. 
Results: Stone size was calculated showing mean 309±55 mm2 in preschool and 324±63 mm2 in 
school age group respectively (p=0.1). The mean operative time was 150.1±38.7 minutes and 
166.3±39.6 minutes in the preschool and school age children respectively (p=0.1). The mean 
length of hospital stay was 3.1±1.4 days and 2.9±1.3 days in preschool and school going children 
(p=0.5). The stone clearance with PCNL was seen in 96.3% (pre-school group) and 93.75% 
(school age group) as monotherapy (p=0.1), which increased to 100% after combining it with 
extracorporeal shock wave lithotripsy. Conclusion: PCNL is equally effective in both pre-school 
and school age groups in terms of stone free rates. Complication rates were not different between 
the two groups. 
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INTRODUCTION 
Incidence of paediatric urolithiasis in the world 
shows a wide variation between the developing and 
the advanced nations, with a prevalence of 5–15% 
and 1–5%, respectively.1–4 Pakistan lies in a stone 
belt countries and the possible reasons for such a high 
stone disease incidence include low fluid intake, high 
environmental temperature, imbalance dietary habits, 
metabolic causes, chronic diarrhoea and lack of 
public awareness about stone disease and its 
prevention.4 Dietary factors that increases the risk of 
renal stone formation include high intake of salt 
(sodium) and animal protein, while low intake of 
calcium. The surgical management of renal calculi 
has changed considerably with the introduction of 
extra-corporeal shock wave lithotripsy and per-
cutaneous nephrolithotomy (PCNL).4 

As there are more chances of stone 
recurrence in children so minimally invasive 
interventions are preferred now a days. Important 
thing in children is that even when using these least 
invasive techniques, emphasis should be on achieving 
the maximum possible clearance rates.4 These 
procedures have become standard for treating renal 

stones, with proved safety and efficacy in different 
age groups. They have been utilized both as 
monotherapy and combined as dual therapy.5,6 Adult 
sized instruments for paediatric percutaneous 
nephrolithotomy were used for the first time that 
included seven children. 7However, there is not much 
data available in literature on paediatric PCNL by 
using adult sized instrument.6,8 There arise some 
technical challenges when PCNL is done in young 
children or if there is functional or some anatomical 
abnormalities. In cases where the collecting system in 
kidney is not dilated then the use of   adult sized 
instruments in preschool age children may be 
potentially more traumatic because of their size. 
Other important point is that children of preschool 
age have relatively mobile and smaller sized kidneys 
as compared to the school age children.9 In these 
situations special attention and skills are required. 
Although studies in past have reported safety of 
PCNL in age group below 18 years old (paediatric 
group) but very little attention has been given to the 
fact that even in the age group below 18 years there 
are those children who are very small for size such as 
those below age of seven years. They have reported 
on use of larger size instruments safely in paediatric 
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age group in general but they haven’t commented on 
younger age children. This variation of age and size 
even within the paediatric age group might affect 
PCNL outcomes. Such studies in which paediatric 
group has been further sub classified into subgroups 
are sparse. Then there is a challenge in countries like 
Pakistan where there are very rare paediatric 
urologists and let alone paediatric endourologists. 
Then comes the problem of the instruments size 
available. 

We report the comparison of outcomes of 
PCNL in two age groups of children in terms of stone 
free rates and the complication rates seen among 
them. It is perhaps the first study to our knowledge 
from a developing country like Pakistan, where 
paediatric urology is present only in very few health 
care centres. 

MATERIAL AND METHODS   
It is a retrospective comparative study of 59 children 
who underwent PCNL procedure from December 
2009 till May 2017 at our department. After taking 
Ethical committee approval for this study from our 
hospital, Patients were divided into 2 age groups 
including those ≤7 years old (Group 1) and those ≥7 
years (Group 2).  All the children included in these 
groups underwent PCNL for treating renal stones> 
2cm in size and were below age of 18 years. Patients 
having positive urine cultures, deranged renal 
functions, history of open renal surgery on same side 
previously and bleeding disorders were excluded 
from the study. 

Children were initially diagnosed after 
taking full history and physical examination. 
Radiological investigations used for renal stone 
included X-ray KUB (Kidney ureter and Bladder), 
Ultrasound KUB (Kidney ureter and Bladder) and 
Computed tomography. Stone burden in these 
children were calculated as mm2 after multiplying the 
two largest dimensions of the stone seen on 
radiography. In cases of multiple stones, all stones 
individual measurements were taken and their sum 
was used. Once decision for percutaneous 
nephrolithotomy (PCNL) was made, a complete 
blood count (CBC), serum urea, creatinine, 
electrolytes and PT/APTT were done one day before 
the PCNL procedure. Preoperatively one unit of 
blood was arranged after doing blood cross match 
and grouping, if need for transfusion arise during the 
surgery or after PCNL. Children having positive 
urine cultures were treated preoperatively with 
antibiotics according to the culture and sensitivity 
reports of urine culture. 

Consent was taken from the parents of the 
children after explaining in detail about the technical 
challenges and possible outcomes in terms of success 

rates (stone clearance) and complications that could 
arise during or after the procedure. PCNL was done 
in all children by standard technique under general 
anaesthesia. Children were kept in lithotomy 
position, cystoscopy was done and then with the help 
of fluoroscopy imaging (SEIMENS model 
no.07721710, made in Germany) a three French (3 Fr 
Boston scientific) open end catheter was passed up to 
renal pelvis in lithotomy position. Patient position 
was then changed on the operating table to prone 
position. Pelvi-calyceal system was punctured by 
using an 18 G spinal needle under fluoroscopic 
guidance. The glide wire (0.035 inch, Boston 
scientific TM Guide, USA) was passed through the 
spinal needle into pelvi-calyceal system. The tract 
was dilated by using serial metallic dilators passed 
over glide wire. Twenty Fr paediatric nephroscope 
(Karl Storz made in Germany) was then introduced to 
reach the stone under fluoroscopic control through 
the PCNL sheath. Swiss Pneumatic lithoclast (2 mm 
probe) was used to break the stones into smaller 
fragments and three prongs grasper was used to 
extract these stone fragments. Ante grade ureteric 
catheter was used if there was fear of blockade of 
ureter later on due to the fragments left per-
operatively. Nephrostomy tube was passed in patients 
having bled per operatively. In those children where 
we didn’t pass nephrostomy tube 4/0 silk was used to 
close the wound. Manual compression of wound site 
was done for 5 minutes for achieving haemostasis, in 
case nephrostomy tube was not placed. Injection 
Bupivacaine 0.025% diluted equally in 2-3 ml 
distilled water was used for injecting in the peri-tube 
area or the wound site (that was closed) to minimize 
immediate post op pain and so the need for narcotic 
analgesics.  We removed Nephrostomy tube on 2nd 
or third postoperative day followed by removal of the 
catheter. Ureteric catheter (Double J stent, Boston 
scientific) was removed after two weeks under 
general anaesthesia. 

On follow up visits ultrasound KUB 
(Kidney, Ureter and Bladder) and X-Ray KUB was 
done at 2 weeks and one month to see for any 
residual stone fragments radiologically. We didn’t do 
CT scan of the children in follow up to see the 
residual stones size to avoid further exposure of these 
children to radiation. Children having absence of 
stone fragments were declared stone free and those 
having less than 4 mm residual stones were labelled 
as clinically insignificant residual stone fragments 
(CIRF). While patients having residual stone 
fragment size of more than 4 mm were declared as 
procedure failure. The PCNL Procedural success was 
considered in those children who had either no stone 
fragments (stone free) or clinically insignificant 
residual stone fragments (<4 mm size) on follow up. 
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For data collection, a questionnaire was completed 
after chart review to evaluate different variables. The 
patients included in the respective groups were 
analysed for gender, age, Stone size, stone site, 
PCNL approach, operative time, stone clearance, 
hospital stay and per operative and post-operative 
complications (fever, sepsis, peri-nephric collection, 
haemorrhage). Per operative blood loss was estimated 
by subtracting post-operative haemoglobin from 
preoperative haemoglobin.  

SPSS ver16 was used for data analysis. 
Mean±SD was calculated for quantitative variables 
like age, stone size and operative time. Frequency 
percentage was calculated for qualitative variables 
like gender, location of stone, per-operative stone 
clearance and per-operative and post-operative 
complications. Independent t-test was used to find p-
value for comparing numerical values such as 
hospital stay, operative time and Chi square test was 
used for percentage stone clearance. The p-value of 
less than 0.05 was considered as statistically 
significant. 

RESULTS 
Two groups having age of ≤7 years (preschool) and 
≥7 years (school age) with 13/27 (48.1%) boys and 
14/27 (51.9%) girls in preschool group while 24/32 
(75%) boys and 8/32 (25%) girls in school age group 
were analysed. Stone size was calculated showing 

mean 309± 55mm2 in preschool and 324±63 mm2 in 
school age group respectively (p=0.1). Access was 
through lower pole in 20/27(74%) patients and via 
mid pole in 7/27 patients (26%) in preschool age 
group. In school age group access was done through 
lower pole in 25/32 (78.12%) patients, via mid pole in 
7/32 (21.87%) patients. The mean operative time was 
150.1±38.7 minutes and 166.3±39.6 minutes in the 
preschool and school age children respectively 
(p=0.1). The mean length of hospital stay was 
3.1±1.4 days and 2.9±1.3 days in preschool and 
school going children (p=0.5). The stone clearance 
with PCNL was seen in 96.3% (pre-school group) 
and 93.75% (school age group) as monotherapy 
(p=0.1). Stone clearance increased to 100% by 
combining it with ESWL as shown in table 1. DJ 
(double J) stent was placed in total of 6/27 (22.2%) 
and 7/32 (21.87%) preschool and school age children. 
The range of follow-up was 4–12 months. The most 
common presenting symptom was abdominal or flank 
pain in 19/27 (70.3%) preschool children compared 
to 22/32 (68.75%) school age children. The other 
common symptoms were haematuria in 18/59 
(30.5%) patients. The most frequent location of the 
stones was in the pelvis, followed by the lower calyx. 
Transfusion was required in 7 % among ≤7 year age 
group and in 4 % in ≥7 year age group. Most of the 
complications were of minor grades (Table-2). 

 
Table-1: Demographics and clinical study variables 

Frequency & Percentage (%) Mean ±SD * p-value 
Variables  Pre-School Age  

(≤7 years) 
School Age 
 (≥7 years) 

Pre-School Age  
(≤7 years) 

School Age  
(≥7 years) 

- 

Total number of patients (n=57) 27 32 - - - 
Number of boys 13/27 (48.1%) 24/32 (75%) - - 
Number of girls 14/27 (51.9%) 8/32 (25%) - - 

- 

Stone size - - 309±55mm2 324±63mm2 0.1 
Lower pole PCNL ** 20/27 (74%) 25/32 (78.12%) - - 
Mid pole PCNL** 7/27 (26%) 7/32 (21.87%) - - 

- 

Operative time - - 150.1±38.7 minutes 166.3±39.6 minutes 0.1 
Length of hospital stay - - 3.1±1.4 days 2.9±1.3 0.57 
Stone clearance with PCNL monotherapy - - 96.3% 93.3% 
Number of patients with ancillary ESWL for 
residual stones^ 

1/27 (3.7%) 
 

2/32 (6.25%) - - 

0.17 
- 
 

Number of patients with ancillary DJS for 
residual stones^^ 

6/27 (22.2%) 7/32 (21.87%) - - - 

*Standard deviation (SD), **Percutaneous nephrolithotomy (PCNL), ^Extracorporeal shock wave lithotripsy (ESWL), ^^Ureteric DJ stents 

Table-2: Complications (modified Clavien Classification) of PCNL+ 

Complication grade Complication Group (<7 years age) Group (>7 years age) p-Value 
1 Transient Urine leak 3(11.1%) 4 (12.5%) 1.0 
1  Transient haematuria 2(7%) 3 (9.3%) 1.0 
2 Transfusion need 2 (7%) 1 (4%) 0.58 
2 UTI* 1 (3.7%) 2/32(6.6%) 0.45 
2 Wound infection - - - 
3a     
3b Dj stent for urinoma - 1 (3.1%) 1.0 
4a Urosepsis - 1 (3.1%) 1.0 
4b - - - - 
5 - - - - 

*Urinary tract infection. +Percutaneous nephrolithotomy 
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DISCUSSION 
The prevalence of renal stone disease has been noted 
to be alarmingly high in Pakistan as it is located in 
the stone belt region.9 It is known that the recurrence 
rate for stone disease increases as time passes and 
children are more prone to this risk.10 That is why 
individuals who forms stone at such an early age 
needs very keen attention with a target of achieving 
the maximum possible stone clearance rates by using 
minimal invasive surgical interventions.10,11,12 

Wickham et al.11 first reported PCNL to be a 
feasible as a one-stage procedure. The tract can either 
be formed by an interventional radiologist or a 
urologist; at our centre it is formed by the urologist 
on operation table. Some people have the notion that 
a smaller calibre nephroscope is less damaging to 
nephrons.6 From the same perspective, Jackman et 
al.8 used a 7 Fr rigid cystoscope. Many centres have 
used adult-sized nephroscopes in pediatric group, 
without increase in complications rates. Some studies 
have even mentioned about using double punctures or 
even going for the options of secondary and tertiary 
PCNL in children to attain complete or maximum 
stone clearance.5,6 It has been witnessed that such 
minimal invasive approach has significantly reduced 
the costs of the treatment.7,13,14 As we receive 
children from far flung north region of the Pakistan 
(including long difficult journey in hilly areas) so we 
have utmost effort to gain maximum stone clearance 
in one treatment which is possible by using the mode 
of PCNL even in children of less than 7 years of age. 

PCNL has clearance rates of ≥90% in some 
reports even those children harbouring complex 
calculi.15,16 Adult-sized nephroscopes have been used 
with acceptable outcomes in children, with lesser 
rates of complication  and little or no evidence of 
scarring or sequelae.17 But some studies have 
different opinion like the one by Gunes et al.18 
reporting a significant increase in complications rates 
in children who were aged less than 7 years while 
using adult-sized equipment. Doing PCNL procedure 
in children requires a good grip about knowledge of 
renal anatomy and a much meticulous technique to 
minimize complications such as loss of blood and 
need for the transfusion.19 We used a 20 Fr 
nephroscope after a single tract dilatation without 
much effort, and completely cleared stones with 
minimal injury to the renal tissue, retrieving the large 
fragments swiftly. In the present series the duration 
of surgery included, the initial cystoscopy and   
retrograde open-end catheter placement and the 
change of position of child from lithotomy to prone. 
In literature 83–90% at maximum and 63% at 
minimum stone clearance was reported with PCNL in 
children.5,6,13 Overall complication rate was 6%, with 

the commonest complication being pyrexia; others 
report an equally high incidence of pyrexia.16,17 In a 
study conducted by Unsal et al., the nephrostomy 
tract was dilated up to 12F-18F using Amplatz 
dilators in those ≤7 years of age in their study while 
we had it dilated up to 24 Fr and we used adult size 
nephroscopes in children younger than 7 years of age. 
They had dilated the tract up to 26 Fr only in a 
subgroup of the children of ≥7 years of age in which 
they had used adult sizes nephroscopes.9 They noted 
that blood transfusion was required in 5.9 and 13.3% 
of the children in the younger and older groups, while 
in our study transfusion was required in 7 % among 
≤7 year age group and in 4 % in ≥7 year age group. 
They had comparatively higher transfusion rates in 
the older children group as compared to ours that 
may be due to variations in surgical expertise of a 
surgeon who is operating on children.  

Samad et al19 reported that mean operative 
time for PCNL was 80 minutes and 93 minutes for 
children of age ≤5 years and ≥5 years respectively 
while we noted in our study the operative time longer 
as compared to their experience. This prolonged 
operative time in our study, 150.1±38.7 minutes and 
166.3±39.6 minutes for age ≤7 years and ≥7 years 
respectively (p=0.1) may be due to our initial 
minimal invasive surgical experience. The mean 
stone burden in their groups was 20.5 and 31.4 mm in 
the respective groups compared to mean stone burden 
of 309±55mm2 and 324±63mm2 in age ≤7 years and 
≥7 years respectively in our study population. Most 
of the children in their study had a lower pole 
approach in the respective age groups similar to our 
study.19   

Aron M et al20  in a study of 19 children of 
age range 20 months to 5 years documented that 
complete clearance with PCNL monotherapy was 
achieved in 17 patients (89%), which increased to 
94.7% with adjunctive shockwave lithotripsy.20 In yet 
another study on 20 children of mean age of 3.1 years 
( preschool age ) having  stone size of (20–46) mm, 
the stones were successfully cleared in 79.16% of the 
children, which increased to 91.67% when 
extracorporeal shockwave lithotripsy was used as 
adjunctive procedure.6 These results were comparable 
to our data where stone clearance with PCNL was 
96.3% (pre-school group) and 93.75% (school age 
group) as monotherapy (p=0.1), which increased to 
100% by combining it with ESWL.  

In post-operative complications we noted 
UTI in 1/27 (3.7%) in preschool while 2/32 (6.6%) in 
school age children. In one study post-operative UTI 
was seen in 2% and 4% in these age groups after 
PCNL.19 While in another study UTI was seen in 
13.3% of children more than 7 years of age. In a very 
few recent studies regarding use of the instrument 
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size in paediatric patients it has been shown that no 
significant differences in the complication rates were 
found between the instrument groups, according to 
the modified Clavien classification system.21,22 They 
found that bleeding in PCNL procedure seems to be 
linked with diameter of dilatation, calibre of 
nephroscopes used and importantly the stone 
burden.21–23 In our study it should be noted that there 
was no hypothermia especially in preschool age 
group after PCNL, as we do the best possible effort to 
drape and cover the child, the temperature of 
operation theatre is set high and also the fluids for 
irrigation purpose are warmed enough before use.  

There is a recent literature coming regarding 
use of smaller sized nephroscopes for small size 
stones (size up to but less than 2 cm) however its 
evident that there are some limitations of Ultra Mini 
PCNL (UMP), such as longer operative time is taken 
to fragment and completely clear out stones having 
size more than 2 cm through 11–13F sheaths. 
Similarly, for a larger burden of stone, multiple 
calculi or branched calculi (especially in a dilated 
pelvi-caliceal system, UMP has not been so 
successful to be able to replace standard PCNL. 
Thus, the role of UMP technique appears to be more 
suitable for low-volume upper tract urolithiasis 
only.23,24 We had stone size more than 2 cm size so 
micro perc and ultramini PCNL were not the feasible 
options even if we had these instruments available at 
our facility. In a recent study done in turkey it was 
found that staghorn stones, right-sided PCNL, 
Younger age, use of mini-PCNL, longer operative 
time, and blood transfusion rates were among the risk 
factors for postoperative febrile urinary tract 
infections.25 

In a recent study comparing PCNL and 
RIRS in preschool children; no major complications 
were observed for both groups. Minor complication 
of Clavien grades 1–3 were seen in 15.5% and 
12.5% for the PCNL and RIRS group, respectively.26 

We had seen clavien grade 1–3 in 19% patients in the 
preschool children but that may be due to the higher 
stone burden in our cases as compared to that in that 
study. In another study by Bodakci et al27 mean 
hospital duration was 4.3 days in infants who 
underwent mini PCNL, while we had mean hospital 
stay of 3.1 days in preschool children. Three (6.2%) 
of their patients, needed blood transfusions while in 
our series we had 7% transfusion rates in preschool 
age group which was slightly higher as compared to 
them. Colonic perforation developed in one case 
(2%) while we had no such complication. Seven 
patients (14%) had UTI in their cases while we had a 
lower rate of 3.7% in our preschool children. Stone-
free rate reached 81.2 % in their series23 while we 
had stone free rate of 96.3%. Tubeless mini PCNL 

has been tried successfully in preschool children as 
well.27 Xiao B et al28 observed that transfusion 
requirements may be sometimes low in mini PCNL 
cases but overall complications and stone free rates 
are not superior in mini PCNL patients as compared 
to standard PCNL groups.28  Senocak et al29   found 
that degree of hydronephrosis, operative time and 
number of tracts were among the important risk 
factors for bleeding in children who underwent 
PCNL29.   

Limitations of this study are that the number 
of patients was smaller in the study groups and it was 
a retrospective study. However, our sample size was 
still relatively better than the very few studies 
available in the literature regarding the outcomes of 
PCNL. We had done sub classification of the 
paediatric age group to know differences in 
outcomes. We had stone size more than 2 cm size so 
micro perc and ultramini PCNL were not the feasible 
options even if we had these instruments available at 
our facility. In literature role of mini PCNL has been 
proven beneficial for smaller size stones only. 
Multicentre prospective study has not been done yet 
to compare the role of mini PCNL and standard 
PCNL instruments in paediatric age groups especially 
for stone size larger than 2 cm size and needs to be 
done to elaborate the differences between different 
age groups in paediatric renal stones. 

CONCLUSION 
We here concluded that results for PCNL are 
comparable in the very young children (less than 7 
years) and in children of more than 7 years of age. 
PCNL can be performed safely even in younger 
children with minimal complications. 
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