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Purpose: 7R HYDOXDWH WKH VDIHW\ DQG HI¿FDF\ RI SHGLDWULF SHUFXWDQHRXV QHSKUROLWKRWRP\ 3&1/ XVLQJDGXOWVL]HGLQVWUXPHQWVLQWKHPDQDJHPHQWRISHGLDWULFXURlithiasis.
Materials and Methods: We retrospectively reviewed the medical records of 38
FKLOGUHQ\RXQJHUWKDQ\HDUVZKRKDGXQGHUJRQH3&1/VZLWKDGXOWVL]HGLQVWUXPHQWVLQRXUFHQWHUEHWZHHQ$XJXVWDQG)HEUXDU\
Results: 7KHUH ZHUH  ER\V DQG  JLUOV ZLWK D PHDQ DJH RI    \HDUV
UDQJHPRQWKVWR\HDUV 7ZHOYHSDWLHQWVKDGFRPSOHWHVWDJKRUQVWRQH0HDQ
VWRQHEXUGHQZDVFP7KHWUDFWZDVGLODWHGEHWZHHQ)DQG)6WDQGard PCNL was performed in 8 patients and tubeless PCNL in the next 37 subjects.
Simultaneous transurethral lithotripsy was done in 9 patients. Stone clearance rate
ZDV0HDQSUHDQGSRVWRSHUDWLYHKHPRJORELQOHYHOVZHUHDQG
JG/UHVSHFWLYHO\0HDQKRVSLWDOL]DWLRQZDVGD\V(LJKWVXEMHFWV
had postoperative fever beyond day 1. Blood transfusion was required in only one
SDWLHQW,QRQHSDWLHQW \HDUVROG ZLWKDVWDJKRUQVWRQHK\SRQDWUHPLDDQGVHL]XUH
occurred, which were treated conservatively without any adverse sequela. There was
DVLJQL¿FDQWGLIIHUHQFHLQKRVSLWDOVWD\EHWZHHQWXEHOHVVDQGVWDQGDUG3&1/JURXSV
(P 
Conclusion: We concluded that PCNL using adult sized instruments was relatively
safe in children, with a clearance rate of 67%. We suggest prospective randomized
studies to compare mini-perc and adult sized instruments use in pediatric PCNL.
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INTRODUCTION

U

UROLWKLDVLVDIIHFWVRIWKHSRSXODWLRQ
in developed countries, of which 1% to
3% are children.  Certain factors, such
as anatomical and metabolic abnormalities, small
NLGQH\ VL]H DQG KLJK UHFXUUHQFH UDWHV LQÀXHQFH
children stone treatment.  Surgical management
of stone has evolved over the past two decades.
6LQFHWKHDGYHQWRIVKRFNZDYHOLWKRWULSV\ 6:/ 
in the 1980s, most stones have been treated with
this modality. 
Although SWL is the treatment of choice for
stones in children, percutaneous nephrolithotomy
3&1/  LV UHFRPPHQGHG XQGHU YDULRXV FRQGLtions, including large stone burden, cysteine
stones, and residual stones after failed SWL or
open surgery.  7KH¿UVW3&1/LQDGXOWVZDVGRQH
by Fernstrom and Johansson in 1976  and the
¿UVW3&1/LQSHGLDWULFVZDVUHSRUWHGE\:RRGsides and colleagues with adult sized instrument
in 1985.  Today, PCNL is a well established
treatment option for pediatric nephrolithiasis.
Concerns about major complications and sequelae of renal puncture with adult sized instruments
lead to the design of small sized instruments and
the mini-perc technique.  Nonetheless, singleSKRWRQ HPLVVLRQ FRPSXWHG WRPRJUDSK\ &7 
XVLQJ GLPHUFDSWRVXFFLQLF DFLG '06$  GHPRQVWUDWHGWKDWWKHUHZDVQRVLJQL¿FDQWFKDQJHLQWKH
JOREDOXSWDNHGHVSLWHDVLJQL¿FDQWIXQFWLRQDOGHcrease in the tract site.  Wadhwa and associates
XVHGGLHWK\OHQHWULDPLQHSHQWDDFHWLFDFLG '73$ 
and DMSA scans pre-operatively and 3 months
after the procedure, and showed that adult sized
instruments had no adverse effect on renal funcWLRQ DQG JORPHUXODU ¿OWUDWLRQ UDWH *)5  UHQDO
function improved after stone removal and there
was no new scar on renal DMSA scan after standard PCNL.  Similarly, other studies using radioisotope scans found no change in differential renal
IXQFWLRQRUDQ\VLJQL¿FDQWVFDUULQJDQGDVLJQL¿cant increase in GFR in the long-term follow-up
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after PCNL. 
Li and coworkers prospectively showed that acute
SKDVH PDUNHUV VXFK DV WXPRU QHFURVLV IDFWRUĮ
71)Į LQWHUOHXNLQ ,/ ,/DQG&UHDFWLYH SURWHLQ GLG QRW VLJQL¿FDQWO\ GLIIHU EHWZHHQ
PLQL3&1/ 03&1/  DQG FRQYHQWLRQDO 3&1/
WKXVWKHEHQH¿WRI03&1/LQWHUPVRIORZHULQvasiveness remains unproven.  It is reported that
bleeding and transfusion are more common after
standard PCNL.  In this study, we present our
exprience in this area.

MATERIALS AND METHODS
Study Population
We retrospectively reviewed medical records of
38 children younger than 15 years who had unGHUJRQH  3&1/ SURFHGXUHV EHWZHHQ $XJXVW
DQG)HEUXDU\
The pre-operative workup included urinalysis,
urine culture, serum level of creatinine, coagulaWLRQSUR¿OHFRPSOHWHEORRGFRXQWXOWUDVRQRJUDSK\DQGLQWUDYHQRXVS\HORJUDSK\ ,93 RUQRQ
contrast abominal CT scan. Patients with positive
XULQH FXOWXUH ZHUH WUHDWHG ZLWK FXOWXUHVSHFL¿F
antibiotics. Prophylactic antibiotics were administered to all other children.
Surgical Technique
8QGHUJHQHUDODQHVWKHVLDDRU)XUHWHUDOFDWKeter was inserted in retrograde fashion for opaci¿FDWLRQRIWKHSHOYLFDOLFHDOV\VWHP&DUPÀXRUoscopy-guided punctures were made at the lower
posterior calyx with the patient in the prone posiWLRQIROORZHGE\WUDFWGLODWLRQZLWKSRO\WHWUDÀXRURHWK\OHQHGLODWRUVDQGSODFHPHQWRIDRU
30F Amplatz sheath based on the degree of hydroQHSKURVLV REVHUYHG DW ÀRXURVFRS\ DIWHU FRQWUDVW
injection and surgeon preferance. Intercostal access was obtained by creating skin punctures over
the lateral portion of the rib during full expiration.
Pneumatic and/or ultrasonic stone fragmentation
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Table 1. Basic information in the tubeless and standard PCNL.*
Variable

Tubeless PCNL

Standard PCNL

Gender

P
.033

Male





Female

12

0

Side

.030

Right

22

1

Left

15

7

Mean age, y



6.3 ± 2.2



Mean stone burden, cm

3.0 ± 0.9

2.5 ± 0.5

.19

*PCNL indicates percutaneous nephrolithotomy.

was done using the Swiss LithoClast Master. A
nephrostomy tube was left in the kidney at the
HQGRIWKHSURFHGXUHLQRXU¿UVWSDWLHQWV
During our experience with standard PCNL, we
observed that spontaneous displacement of the
nephrostomy tube in some of our patients caused
QRVLJQL¿FDQWFRPSOLFDWLRQVXFKDVSURORQJHGIHver, protracted urine leakage, or transfusion; thus,
we performed tubeless PCNL in our next subjects.
6WRQHFOHDUDQFHZDVGH¿QHGDVWKHDEVHQFHRIUHsidual fragments or the presence of fragments less
WKDQ  PP RQ WKH NLGQH\ XUHWHU EODGGHU .8% 
[UD\RUXOWUDVRQRJUDSK\ZHHNVDIWHUWKHVXUJHU\
This study was approved by the Medical Ethics
Committee of Hasheminejad Clinical Research
Development Center and was fully explained to
the patients’ parents. A written informed consent
was obtained from all the parents.
Statistical Analysis
The data were analyzed using SPSS software
(the Statistical Package for the Social Sciences,
9HUVLRQ6366,QF&KLFDJR,OOLQRLV86$ 
Univariate analyses were perfomed to detect any
VLJQL¿FDQW DVVRFLDWLRQ EHWZHHQ HDFK RI WKH GHpendent and independent variables. The 95% con¿GHQFHLQWHUYDOZDVFDOFXODWHG

RESULTS
7KHUHZHUHER\VDQGJLUOVZLWKDPHDQDJH
RI\HDUV UDQJHPRQWKVWR\HDUV 
Percutaneous nephrolithotomy was done on the
ULJKWVLGHLQUHQDOXQLWVDQGRQWKHOHIWLQ
VXEMHFWVKDGELODWHUDO3&1/ 7DEOH 
7KHPRVWFRPPRQV\PSWRPVZHUHÀDQNSDLQDQG
XULQDU\WUDFWLQIHFWLRQ 87, 7KHUHZDVDSRVLWLYH
family history of stone disease in 30% of patients.
Three patients had history of open surgery and 6
had unsuccessful SWL. Twelve patients had compelete staghorn stones. Mean stone burden was
FP
Access was gained from the lower posterior calyx
LQDOOWKHVXEMHFWVH[FHSWZKRKDGXSSHUSROH
access. The tract was dilated to 30F in 33 renal
XQLWVDQG)LQUHQDOXQLWV7XEHOHVV3&1/
was done in 37 renal units and a nephrostomy
tube was inserted in 8 patients. In 37 renal units,
there was subcostal access, 7 had intercostal access, and one was a transplanted kidney. Simultaneous transurethral lithotripsy was done in 9
patients. Table 1 shows patients’ characteristics in
WKHVWDQGDUGDQGWXEHOHVV3&1/V7DEOHVKRZV
a comparison of pre and postoperative parametres
in the standard and tubeless groups. Based on the
ZHHNSRVWRSHUDWLYH.8%DQGXOWUDVRQRJUDSK\
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Table 2. Pre and postoperative parameters in tubeless and standard percutaneous nephrolithotomy.*
Tubeless

Standard

P

12.67 ± 1.7

12.71 ± 1.9

.95

Postoperative Hb, g/dL

11.39 ± 1.6



.65

Pre-operative Cr, mg/dL

0.73 ± 0.19



.60

Postoperative Cr, mg/dL



0.63 ± 0.19

.11

Mean Hb drop, g/dL



1.5 ± 0.69

.24

3.5 ± 1.1

5 ± 1.6

.001

Parameters
Pre-operative Hb, g/dL

Mean hospital stay, day
)CJOEJDBUFTIFNPHMPCJOBOE$S DSFBUJOJOF

Table 3. Frequency of complications in the tubeless
and standard percutaneous nephrolithotomy.
Complication

Tubeless

Standard

Transfusion

1

0

Fever

6

2

Extravasation

0

0

1MFVSBMJOKVSZ

0

0

$PMPOJOKVSZ

0

0

Hyponatremia (seizure)

1

0

7KHUHZDVDVLJQL¿FDQWGLIIHUHQFHLQKRVSLWDOVWD\
between tubeless and standard PCNL groups (P <
 LQWKHPXOWLYDULDWHDQO\VLVDGMXVWHGIRUSRVWoperative fever, stone burden, Hb drop, and AmSODW]VKHDWKVL]H7KHUHZHUHQRVLJQL¿FDQWLQWHU
group differences in Hb drop and Amplatz size (P
!   DGMXVWHG IRU DJH DPSODW] VKHDWK VL]H DQG
access site.

DISSCUSION

VWRQH FOHDUDQFH UDWH ZDV   LQ WXEOHVV
DQGLQVWDQGDUGJURXSV 
Eight subjects had postoperative fever beyond
day 1 up to 7th postoperative day, and were treated
conservatively without any other intervention. No
readmission occurred because of fever or other
complications. Transfusion was required only in
one patient because of Hb drop below 7 g/dL.
7KH LUULJDWLRQ ÀXLG ZDV  WR  & UHYHUVH RVmosis sterile water. In a 3-year-old patient with
staghorn stone, seizure occurred after tubeless
PCNL; workup showed hyponatremia (Na = 113
PHTG/  7KH SDWLHQW ZDV WUDQVIHUUHG WR WKH LQWHQVLYHFDUHXQLW ,&8 DQGWUHDWHGFRQVHUYDWLYHO\
through slow correction of hyponatremia, and
discharged from the ICU without any adverse
VHTXHODLQKRXUV7DEOHFRPSDUHVFRPSOLFDtions in the two groups.
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Anatomic and metabolic abnormalities in children have made stone recurrence and multiple
surgical interventions more likely. To avoid any
sequela, less invasive procedures, such as SWL
and PCNL, are treatments of choice. 
Stone-free rates after pediatric PCNL range from
67% to 100%.  Large retrospective studies have
shown success rates as high as 90% with PCNL
monotherapy.  Mahmud and Zaidi achieved a
stone-free rate of 60% with PCNL monotherapy,
which was improved to 100% with SWL sandwich therapy.   Our stone-free rate was 67% at
ZHHN IROORZXS 6LQFH RXU FHQWHU LV D UHIHUUDO
center over the country, many patients are followed up elsewhere and most of our patients were
lost due to long-term follow-up period. Our relatively lower stone-free rate can be attributed to
more complex stones and usage of a single tract
only. Although multiple access tracts increase the
stone-free rate, we refrained from this approach
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to avoid the associated complications. On the other hand, attempts to extract staghorn stones from
a single tract can result in nephroscope torque on
the renal parenchyma and inadvertent injury and
bleeding; therefore, we did not stress on this maneuver.
In an effort to decrease renal damage, Jackman
and colleagues introduced the “mini-perc” technique using a 15F peel-away vascular sheath that
needs a smaller skin incision and smaller tract size,
and low complication rates and less pain were reported.  Gunes and associates reported a higher
incidence of complications, such as bleeding, in
children younger than 7 years with adult sized
instruments and standard PCNL.  Although we
did not use the mini-perc technique, our study did
QRWVKRZVLJQL¿FDQWEOHHGLQJRUSURORQJHGKRVSLtal stay. The reason for lower complications at our
center may be that pediatric PCNL is only performed by experienced surgeons.
Wadhwa and coworkers showed marginal renal
function improvement after stone removal on
isotope scan.  Although creatinine level is not a
sensetive indicator for small parenchymal damage, access to patients’ renal radioisotope scans
was limited due to the retrospective nature of the
study; thus, we used increasing serum levels of
creatinine as a proxy for renal function. There
ZHUHQRVLJQL¿FDQWGLIIHUHQFHVLQFUHDWLQLQHOHYHO
pre and postoperatively in our subjects. Despite
encouraging results, concern remains regarding
safety of endourologic treatment in pediatric patients and its subsequent effects on the growing
kidney. 
$FFRUGLQJWR6DPDGDQGFROOHDJXHVRIWKHLU
candidates for pediatric PCNL had UTI in the
past.  A history of documented UTI was positive
in 13.3% of our patients probably because of the
general use of antibiotics without any evaluation
in febrile children.
'XULQJ 3&1/ ÀXLG DEVRUSWLRQ RFFXUV WKDW PD\
result in overload and hyponatremia; hence, a

ORZSUHVVXUHV\VWHPDQGLVRWRQLFLUULJDWLRQÀXLG
should be used to prevent this complication. 
At the same time, irrigation solutions must be
warmed to prevent hypothermia,  which can
RFFXU TXLFNO\ LQ VPDOO FKLOGUHQ :H XVHG  WR
&UHYHUVHGRVPRVLVVWHULOHZDWHUDVLUULJDWLRQ
ÀXLG DQG VLJQL¿FDQW K\SRQDWUHPLD RFFXUUHG LQ
only one subject, who had a prolonged operative
time because of a staghorn stone. We had no case
of hypothermia, and assume that we can use reversed osmosis sterile water for irrigation in children without fear of hyponatremia, especially in
patients with small stone burden.
,WZDVUHSRUWHGWKDWWZRVLJQL¿FDQWIDFWRUVLQ+E
drop and transfusion rate were number and size
of the tract.  Mean Hb decrease in our study was
JG/DQGWKHUHZDVQRVLJQL¿FDQWGLIference in Hb drop between tubeless and nephrostomy cases or those done with two different Amplatz sheath sizes. Zeren and associates reported
DWUDQVIXVLRQUDWHDQGVXJJHVWHGWKDWORQJHU
operative time and larger Amplatz sheath and
stone burden were associated with greater transfusion rates. 
In line with other studies,  the most common
complication in our study was fever, which perVLVWHGIRUGD\VVWDUWLQJIURPWKHst postoperative day. Only one of our patients with a large
VWRQH  FP  DQG QHJDWLYH SUHRSHUDWLYH XULQH
culture had fever for 6 days. All the patients with
fever were managed conservatively without any
intervention.
Samad and colleagues reported a stone-free rate
of 59% with PCNL monotherapy and a 3.6%
transfusion rate.  Only one of our patients
 UHTXLUHGWUDQVIXVLRQ7KLVPD\EHGXHWR
RXUKLJKWKUHVKROG +EJG/ IRUWUDQVIXVLRQ
or our patients’ higher levels of pre-operative Hb.
Tubeless PCNL is less painful and less troublesome for adults and it shortens their hospital stay.

The literature on this subject in the pediatric
population is scant.  Our study showed that
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KRVSLWDOVWD\ZDVVLJQL¿FDQWO\ORZHULQWKHWXEHless group compared to the standard group. In the
pediatric population, urolithiasis is more prevaOHQWLQER\VZLWKDPDOHBWRBIHPDOHUDWLRRI
WR    :H DOVR KDG D  PDOHBWRBIHPDOH
ratio; this may be because of the higher incidence
of anatomical abnormalities in the male gender.
This study has some limitations, such as lack of
a control group, short follow-up period, and low
sample size.
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CONCLUSION
In our study, PCNL using adult sized instruments
appeared to be safe and effective. However, further prospective randomized studies with larger
sample sizes are needed to compare mini-perc
with adult sized instruments used in PCNL.
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