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Abstract. The incidence of kidney stones in children has increased in recent years. Unlike adults, the
treatment of pediatric kidney stones is more difficult because of the size of the stones and the high risk of
recurrence.

The present study aimed to evaluate the management of pediatric kidney stones with percutaneous
nephrolithotomy in general and with both types of percutaneous nephrolithotomy (PCNL).

Methods. This retrospective cross-sectional study was conducted at Al-Safeer Al-Imam Al-Hussein
Hospital from November 1, 2019 to October 31, 2021. A total of 90 children with kidney stones were
divided into 45 with tubular PCNL and 45 with tubeless PCNL. The children were followed up for at
least six months postoperatively.

Results. After PCNL, only 4 children were not stone-free and no injury was noted, whereas sepsis was
noted in only one child. Renal status after PCNL was stable renal function in 97.8% of children and
improved renal function in 2.2% of children, while no deterioration of renal function was noted. The
characteristics of the children, the characteristics of the surgical procedure (except access), and the
results of PCNL were not significantly different among the different types of PCNL

Conclusion. PCNL in both variants (with and without tubing) is a safe and effective surgical option in
the treatment of children with renal stones.
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EdekTuBHicTb Ta 0€3N€YHICTh NEPKYTAHHOI HE(PPOTITOTOMII B JIKYBaAHHI
ce4oKaM’IHOi XBOPOOM Y JiTeil IOMIKIJIbHOrO BiKy

'Tocmitanb Cadip Anb-Imam Anb-XyceitH, Kepbena, Ipak
*Memnunnii kosnemk Kepoencpkoro yHiBepcurety, Kepbena, Ipak

Pestome. Ocmannimu poxamu 3pocmae 3axeoprosanicmo Ha cewoxam sny xeopooy (CKX) y dimeii. Ha iominy 6io
dopocaux, aikysanus CKX y dimeii € Habaeamo ckAaQOHiwUM uepe3 po3mip KamMeHie i BUCOKULl pU3UK peyudusy.

Memor yvoeo docnidxucenns 6yn0 oyiHumu egekmugHicms ma Oe3neyHicmv NepPKYMAaHHOI Hegpoasimomomii
(IIHJIT) i3 3acmocysauHsam Hegppocmomu ma 6e3 makoi y nikysanns CKX'y dimeil.

Memoou. Pempocnekmuene nepexpecte docaioxcens, npogedene 6 aikapti Anv-Caghip Anv-Imam Anv-Xyceiin
npomseom nepiody 3 1 aucmonada 2019 p. no 31 scoemus 2021 p. 3azanom 90 dimeii i3 CKX 6yau po3dineni na 2 epynu
3anexcHo 6id 3acmocyeants Heghppocmomu (n = 45) ma be3 Heghpocmomu (n = 45). Ilepiod cnocmepesceHHs cKaAag wjo-
HalimeHwe 6 micsayie nicas onepauyi.

Pezyaomamu. Ilicas ITHJIT auwe y 4 dimeii 6yau diacHocmoeani KOHKpeMeHmu HUpoK, mpasmamuyHe nouKo-
0XCeH s HUPOK He nogidomasnocs, modi sk cencuc 6yao eusenerno auute ¢ 1 dumunu. 97,8% dimeii nicas ITHAT manu
cmabinbHy @yHkyicto HUpoK, y 2,2% 3 HUX chocmepieanocs NOKpaueHHs QyHKyiei HUpoK i He 6Y10 Hco0H020 Nn08ido-
MAeHHS w000 3HUIICeHHs PYHKUIT HUpok. Xapakmepucmuku dimeil, 0cobausocmi XipypeiuHozo 6Mmpy4aHHs, 3a 6UHAMKOM

docmyny ma pesyavmamie I[TH/IT cymmeego He 8i0pi3Hsaucy Midc epynamu.

Bucnosku. ITHJIT obox munie (i3 3acmocyeaHuam Hegpocmomu ma Oe3 makoi) € Oesneunum i egheKmueHuUM
Xipypeiunum memodom y AiKyeaHHi dimeil i3 ceHoKam siHOI X80pooor.

KarouoBi ciioBa: dimu, cewoxam ’ana xeopoba, nepKymarnna Heghponimomomis, Hegopocmoma.

Introduction. Renal stone disease in children is a
global health problem of multi-factors etiology. Inci-
dence of pediatric nephrolithiasis had increased in the
United States during the last twenty years to 6-10% in
one year [1, 2], accompanied by high hospital admis-
sion and surgical treatment rates [3-5]. The incidence
of childhood renal diseases in Iraq is high with the pre-
dominance of stone disease [6]. Gender variation is
observed in pediatric renal stones with a higher risk in
adolescent females [7]. Pediatric renal stones are found
in all age groups with a high risk of recurrence rate. Ad-
ditionally, frequency, composite and clinical features
of renal stones in children differ in geographical vari-
ances, history of the disease, genetics, climate, diet,
and socioeconomic status [8, 9]. Metabolic disease is
the common etiology of pediatric renal stones among
Iraqi children, followed by infection, anatomical ab-
normalities, idiopathy, and others [10]. The clinical
presentation of pediatric renal stones is related to their
age [8]. Abdominal or flank pain is the presentation of
adolescents, while nausea, vomiting, and irritation are
the presentations among younger age children with the
rare feature of hematuria. However, many children with
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nephrolithiasis are identified incidentally [11]. In addi-
tion to clinical features, laboratory and x-ray findings,
the diagnosis of pediatric renal stones is based on ultra-
sound examination [12]. Exposure to high radiation in
the diagnosis and management of renal stones must be
avoided as possible. After medical conservative therapy
of children, the surgical option is considered the treat-
ment of choice. The common treatment choices for
pediatric renal stones are extracorporeal shockwave
lithotripsy, retrograde intrarenal surgery with ureteros-
copy, and percutaneous nephrolithotomy (PCNL). The
PCNL is commonly indicated in staghorn calculus, in-
fected large renal stones and renal stones with anatomi-
cal abnormalities [13].

PCNL is associated with a stone-free rate of 70-
97% [14], with a high success rate in stone size less than
2 c¢cm [15]. Although the high stone-free rate of PCNL
in children, many complications are reported with
longer hospital stays [16]. Stone recurrence in chil-
dren is widely reported after management with a rate
of 19-34% rate after three years [17]. Preventive strate-
gies like routine monitoring, high fluids intake, dietary
modification, and medicines are required after PCNL
in children with renal stones to avoid recurrence [18].
The first report of PCNL in children was in the United
States in 1985 and from that date, the use of PCNL in
the management of pediatric nephrolithiasis was slow.
Recently with advances in medical and surgical tech-
nologies, the PCNL is replacing open surgery becoming
an alternative to extracorporeal shockwave lithotripsy
and ureteroscopy [19]. Conventionally, the PCNL is
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followed by the application of a nephrostomy tube and
ureteral stent tube for adequate drainage preventing and
assessing bleeding, and allowing the surgeons to second
look for residual stones in the kidney. This method is
accompanied by high discomfort and pain resulting
from renal fistula and the long presence of ureteral stent
[20]. For these reasons, many physicians and urologists
revealed that tubed PCNL for patients with renal fis-
tula leads to pain, discomfort, and long hospital stay as
compared to tubeless PCNL is dependent on not plac-
ing nephrostomy and not accompanied by dangerous
bleeding complications [21, 22].

After the advancement of PCNL in the last de-
cades, the routine tubed technique was under question,
with the advancement of significance for the tubeless
technique [23]. Nephrostomy placement or displace-
ment is related to many complications like discomfort,
pain, infection, urinary leak, hemorrhage, and longer
hospital stays [24]. To avoid or lower these adverse ef-
fects of the tubed technique, the tubeless PCNL is de-
veloped by inserting a double J ureter stent after the
percutaneous nephrolithotomy [25]. In children, the
tubeless PCNL showed similar effectiveness and out-
comes reported for routine tubed PCNL with lower
disadvantages of pain and discomfort reported for the
latter technique [26, 27]. Although the advantages of
tubeless PCNL are all over the world, this technique is
slowly disseminated till now [28].

PCNL is the common surgical treatment option
for the management of renal stones for adults and chil-
dren in Iraq [29, 30]. The tubed PCNL is widely used
in the management of pediatric nephrolithiasis in Iraq
[30], however, recent advances by a little number of
Iraqi surgeons revealed an appropriate efficacy and
lower disadvantages of PCNL for adults and children
by the implementation of the tubeless technique [31,
32]. For that, more research are required nationally and
internationally to encourage physicians and surgeons to
explore the advantage and disadvantages of the tubeless
technique.

The present study aimed to evaluate the man-
agement of pediatric kidney stones with percutaneous
nephrolithotomy in general and with both types of per-
cutaneous nephrolithotomy

Materials and methods. The present project was a
retrospective cross-sectional study implemented in the
Safeer Al-Imam Al-Hussein Hospital in Karbala gover-
norate-Iraq through the period of two years from 1st of
November 2019, to 31st of October 2021. The studied
population was children with kidney stones admitted to
the hospital. Inclusion criteria were pediatric-age pa-
tients (<5 years) with kidney stones of size more than
two centimeters. Exclusion criteria were older age chil-
dren, positive urine culture, kyphoscoliosis, coagulopa-
thy, and parents who refused to enrollment of children
in the study. The study ethics were implemented regard-
ing the Helsinki Declaration by documented agreement
of parents, approved by the ethical committee in Medi-
cal College of Karbala University and hospital authority

in addition to managing future complications. A sample
of ninety children with kidney stones was enrolled in
the present study and divided into two groups according
to PCNL techniques (45 children operated with tubed
PCNL and 45 children with tubeless PCNL).

Information on children was collected directly by
the researcher through a prepared questionnaire ac-
cording to previously published data [21-23]. The
questionnaire included general characteristics of chil-
dren with kidney stones (age, gender, stone types [ma-
trix or others], side of stone [right or left], opacity of
stones [opaque or lucent], size of stones, and surgery
history of kidney), surgical treatment features of chil-
dren with kidney stones (PCNL type [tubed or tube-
less], approach [upper, middle, lower and multiple]
rheumatoid nodules, x-ray of hand with bone erosions,
morning stiffness, ESR level, access [single or additive
tract], blood transfusion, hepatitis, anomalies of kidney
[double moiety or horseshoe kidney] and anesthesia
[general or neuroaxial]), and PCNL outcomes (clear-
ance, injuries, sepsis and renal status [stable, improved
and declined]).

The diagnosis of kidney stones was done by the
researcher according to history, clinical examination,
laboratory, and ultrasound findings. The surgery of
PCNL was done by the researcher after the approval of
parents and most of the children were generally anes-
thetized. The children were set in lithotomy position
first and the cystoscopy was placed then we put 3 fr.
ureteric catheter under fluoroscopy then change posi-
tion to prone position and start by injecting contrast in
the catheter and using needle 18G by bull eye technique
then insert guidewire and sequential dilatation did then
use 12fr. nephroscope and we use the pneumatic device
to destruct the stones and extract them by active grasper
after completing the stones we put 3 or 4 fr Dj stents.
The nephrostomy tube was put in the PCS if there is
bleeding happened or during a preoperative period.
Bacteremia was not resolved by antibiotics or if an in-
jury to the pelvis happened.

The children were followed up for six months post-
operatively by a second visit to a clinic or by phone
calling to assess the outcomes of PCNL for each study
group and manage any complications. The children’s
information was entered and interpreted statistically
by the SPSS program-26. Data were presented as mean
(M) and standard deviation (SD) and compared with
the Student’s test. The difference in group proportions
was compared with the 2 test. Suitable statistical tests
for data were implemented accordingly and a p-value of
<0.05 was significant.

Results. In this study, ninety children with kidney
stones were enrolled with a mean age of four years; the
age of 2-3 years represented 31.1% of children, and the
age of 4-5 years represented 68.9% of them. Male chil-
dren with renal stones were more than females (61.1%
vs. 38.9%). The matrix stones were present in only two
studied children. Right-sided renal stones are present in
58.9% of children, while left-sided stones are present in
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41.1% of them. About two-thirds (65.6%) of stones were
opaque and 34.4% of them were lucent. The mean size of

the stone was (30.1 mm) and 6.7% of children had previ-
ously operated kidneys (Table 1).

Table 1
General characteristics of children with kidney stones
Variable No. %
Age M=SD (441 years)
2-3 years 28 31.1
4-5 years 62 68.9
Gender
Male 55 61.1
Female 35 38.9
Stone types
Matrix stone 2 2.2
Other stones 88 97.8
Side
Right 53 58.9
Left 37 41.1
Opacity
Opaque 59 65.6
Lucent 31 344
Size M£SD (30.1£14.7 mm)
Surgery history of kidney
No previous surgery 84 93.3
Previously operated kidney 6 6.7
Total 90 100.0

The PCNL was the treatment of choice for the
studied children with renal stones; 50% of them by
tubed PCNL and the other 50% of them by tubeless
PCNL. PCNL approach used was commonly through
the upper pole (76.7%); followed by; the middle
pole (17.8%), lower pole (4.4%), and multiple poles
(1.1%). The main access was single (97.8%) or addi-

tive tract (2.2%). No blood transfusion and hepatitis
infection were reported. Anomalies of the kidney de-
tected surgically were only horseshoe kidney (3.3%)
and double moiety (1.1%). General anesthesia was
implemented for 98.9% of children who had under-
gone PCNL, while neuroaxial anesthesia was used for
only one child (Table 2).

Table 2
Surgical treatment features of children with kidney stones

Variable No. %
PCNL types
Tubed 45 50.0
Tubeless 45 50.0
Approach
Upper pole 69 76.7
Middle pole 16 17.8
Lower pole 4 4.4
Multiple poles 1 1.1
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Continuation of Table 2

Variable No. %
Access
Single access 88 97.8
Additive tract 2 2.2
Blood transfusion
No 90 | 100.0
Hepatitis
Negative 90 | 100.0
Anomalies
Normal bilateral functioning 86 95.6
kidneys
Double moity 1 1.1
Horseshoe kidney 3 33
Anesthesia
General anesthesia 89 98.9
Neuroaxial anesthesia 1 1.1
Total 90 100.0

A post-PCNL stone-free was detected in 95.6% Post-PCNL renal status was a stable renal function in
of children and only four children had no stone free. 97.8% of children and improved renal function in 2.2%
The post-PCNL injury was not reported, while the of them, while no reported declined renal function
sepsis was detected in only one child postoperatively. (Table 3).

Table 3
PCNL outcomes

Variable No. %
Clearance
Stone free 86 95.6
No stone free 4 4.4
Injuries
No 90 100.0
Yes 0 -
Sepsis
No 89 98.9
Yes 1 1.1
Renal status
Stable 88 97.8
Improved 2.2
Declined -
Total 90 100.0

Children’s general characteristics like age, gender, surgery history of kidney were not significantly different
stone types, kidney side, stone opacity, stone size, and regarding PCNL type (Table 4).
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Table 4
Distribution of children’s general characteristics according to PCNL types
PCNL types
Variable Tubed Tubeless P
No. % No. | %
Age 0.17 NS
2-3 years 11 24.4 17 37.8
4-5 years 34 75.6 28 62.2
Gender 0.8 NS
Male 28 62.2 27 60.0
Female 17 37.8 18 40.0
Stone types 1.0NS
Matrix stone 1 2.2 1 2.2
Other stones 44 97.8 44 97.8
Side 0.8 NS
Right 26 57.8 27 60.0
Left 19 42.2 18 40.0
Opacity 0.2 NS
Opaque 2 | 7 27 | 600
Size 0.3 NS
M+SD 28.6+14.5 31.5+14.9
Lucent 13 | 289 18 | 400
Surgery history of kidney 0.3 NS
No previous surgery 41 91.1 43 95.6
Previously operated kidney 4 8.9 2 4.4

Tubed PCNL was significantly related to the mid-
dle pole approach, while tubeless PCNL was signifi-

The access, anomalies, and anesthesia implemented
were not significantly different concerning PCNL types

cantly related to the upper pole approach (p=0.002). (Table 5).
Table 5
Distribution of Surgical treatment features according to PCNL types
PCNL types
Variable Tubed Tubeless P
No. % No. %

Approach 0.002 S
Upper pole 30 66.7 39 86.7
Middle pole 14 31.1 4.4
Lower pole 0 - 8.9
Multiple poles 1 2.2 -
Access 0.1 NS
Single access 43 95.6 45 100.0
Additive tract 2 4.4 0 -
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Continuation of Table 5
PCNL types
Variable Tubed Tubeless P
No. % No. %
Anomalies 0.5 NS
Normal bilateral functioning 44 97.8 42 93.3
kidneys
Double moiety 0 - 1 2.2
Horseshoe kidney 1 2.2 2 4.4
Anesthesia 0.3 NS
General anesthesia 44 97.8 45 100.0
Neuroaxial anesthesia 1 2.2 0 -

Although no significant difference in clearance out-
come regarding PCNL types (p=0.3), 3 children had no
stone-free after post-tubed PCNL, while only one child
had no stone-free following tubeless PCNL. The sepsis

was not significantly different concerning PCNL types
(p=0.3), however, one child had sepsis after tubeless
PCNL. The renal status outcome was not significantly
different regarding PCNL types (p=1.0) (Table 6).

Table 6
Distribution of PCNL outcomes according to PCNL types
PCNL types
Variable Tubed Tubeless P
No. % No. %
Clearance 0.3 NS
Stone free 42 93.3 44 97.8
No stone free 3 6.7 1 2.2
Sepsis 0.3 NS
No 45 100.0 44 97.8
Yes 0 - 1 2.2
Renal status 1.0 NS
Stable 44 97.8 44 97.8
Improved 1 2.2 1 2.2

Discussion. Until now, many surgeons preferred
the classical PCNL using a nephrostomy tube in the
management of pediatric kidney stones although it is
associated with discomfort, pain, and longer hospital-
ization duration. To overcome these complications,
new techniques were developed like mini-PCNL and
tubeless PCNL [33, 34].

The present study showed a stone-free rate of
(95.6%) for children with kidney stones treated by both
techniques of PCNL. This stone-free rate is better than
the results of Ebeid et al, [35] study in Egypt and Pelit
et al, [36] study in Turkey which reported stone-free
rates of (86.3% and 84.7%, respectively) after PCNL
for children with nephrolithiasis. This higher stone-free
rate of both PCNL techniques in our center is attrib-
uted to the advanced instruments used and highly ex-

perienced surgeons with adherent follow-up of patients.
Our study also revealed no injuries with only one child
with postoperative sepsis. This finding is close to the re-
sults of the Kagalkar et al, [37] study in India. In our
study, no child had a declined renal status following
PCNL, while 97.8% of children had stable renal status
and 2.2% of them had improved renal status. Similarly,
Lu et al, [38] studies in China reported higher efficacy
with renal function stability following PCNL in chil-
dren with urolithiasis.

The current study showed no significant difference
in stone-free rate between tubed and tubeless techniques
of PCNL of children with kidney stones (p=0.3). This
finding coincides with the results of Igbal et al, [26] ret-
rospective study in Pakistan on 35 children with kidney
stones grouped into 18 children surgically operated with
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tubed PCNL and 17 children with tubeless PCNL and
reported no significant difference in stone-free rate be-
tween the two groups. In a systematic review study con-
ducted in the United Kingdom by Amer et al, [39] on 24
studies, the stone-free rate was not significantly different
between tubed and tubeless PCNL techniques. Although
no significant difference between tubed and tubeless
PCNL techniques in postoperative sepsis (p=0.3), one
child operated with tubeless PCNL had sepsis following
the surgery. This finding is consistent with the results of
an aal-Toma study in Iraq which found a significant asso-
ciation between children with kidney stones operated by
tubeless PCNL and postoperative sepsis [32]. However,
Abbott et al, [40] retrospective study in the USA revealed
that tubeless PCNL was an effective and safe technique
like tubed PCNL although a large proportion of urolo-
gists continued performing the tubed technique. Our
study found similar renal status outcomes for children
operated with both tubed and tubeless PCNL (p=1.0).
This finding is similar to the results of Keshavamurthy
et al, [41] retrospective study in India and Lee et al, [42]
systematic review study in South Korea which stated that
renal status outcome of tubed and tubeless PCNL was
similar.

The general characteristics of children in the cur-
rent study were not significantly different between tubed
and tubeless PCNL (p>0.05). This finding is consistent
with the results of many previous pieces of literature
[26, 27, 43]. In the same manner, surgical character-
istics like access, anomalies, and anesthesia of children
were not significant between tubed and tubeless PCNL
(p>0.05). This finding is similar to the results of the Xun
et al, [44] meta-analysis study in China. The only sig-
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