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Şenol Adanur • Tevfik Ziypak • Ahmet Ali Sancaktutar •

Abdülkadir Tepeler • Berkan Reşorlu • Haluk Söylemez •
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Received: 12 June 2013 / Accepted: 26 September 2013 / Published online: 18 October 2013

� Springer-Verlag Berlin Heidelberg 2013

Abstract We aimed to evaluate the effectiveness of

percutaneous nephrolithotomy (PNL), stone-free rates, and

related complications in children with radiolucent renal

stones. A total of 56 patients aged \16 years from four

institutions were enrolled in our study. Asymptomatic,

clinically insignificant residual fragments measuring

\4 mm or a complete stone-free status was accepted as the

criterion for clinical success. Complications were evaluated

according to the modified Clavien classification. The mean

age of the patients was 7.8 ± 4.5 years. The mean stone

size was calculated as 24.07 ± 10.4 mm. The median

operative and fluoroscopy times were 53.2 min

(15–170 min) and 172.4 s (5–520 s), respectively. The

success rate after PNL monotherapy was 87.4 %; the total

success rate with shock wave lithotripsy used as an auxil-

lary treatment method was detected as 94.6 %. The total

complication rate was 19.6 % (11 patients). No adjacent

organ injury was observed. All of the complications that

occurred were minor according to the Clavien classification

(Clavien Grades I–II). PNL can be applied to radiolucent

pediatric renal stones in children with similar success, and

complication rates as noted for radiopaque stones.
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Introduction

Urolithiasis is a globally serious problem. The prevalence

of this disease has demonstrated increments in both the

adult and pediatric populations in the last quarter of the

twentieth century [1]. A prevalence rate of 14.8 %, sup-

ported by a nationwide epidemiological study performed in

1991, is accepted as indicative of an endemic status in

Turkey [2].

Stone disease in the pediatric age group can be associ-

ated with metabolic diseases, genetic diseases, geographic

regions, socioeconomic conditions, drug exposure, infec-

tion diseases, and other environmental factors with a high

risk of recurrence [3]. Therefore, appropriate treatment

methods should be selected for this age group. Minimally

invasive procedures are the most important treatment

modalities for this age group.

The medical and surgical treatment of urolithiasis in

children has evolved during the last two decades. Mini-

mally invasive methods have developed rapidly, and have

replaced open surgical treatment modalities for renal or

ureteral stones. The first pediatric percutaneous nephroli-

thotomy (PNL) series was performed in 1985 on seven

pediatric patients with a median age of 14 years using

adult-sized instruments [4]. Following the first reports of

PNL procedures performed by Woodside on children, PNL
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has been accepted as a minimally invasive procedure in

children as well as adults. According to European Asso-

ciation of Urology (EAU) guidelines, shock wave litho-

tripsy (SWL), which is another minimally invasive

treatment option, can be applied to pediatric renal stones

smaller than 2 cm [5]. Stones larger than 2 cm in diameter

and renal stones irresponsive to SWL can be treated

effectively using PNL [6].

Renal stones can be classified according to their order of

increasing degree of permeability to radiation as radi-

opaque (impermeable), poorly radiopaque, and radiolucent

calculi [5]. This classification is important because it

changes the modalities of diagnosis, treatment, and moni-

toring of the patients. The diagnosis, management, and

follow-up of radiolucent stones in particular require much

more experienced approaches. Only 2–3 % of all cases of

nephrolithiasis occur in children and adolescents. Nearly

3–10 % of these urinary calculi are radiolucent [7].

As far as we can tell, no study investigating the effec-

tiveness of PNL in the treatment of radiolucent stones in

the pediatric age group has been cited in Pubmed, or

appeared in the medical literature in the English language.

We believe this is the first study in the literature.

The aim of this study was to determine the effectiveness

of PNL as a minimally invasive method in the management

of radiolucent stones in children.

Patients and methods

We evaluated PNL procedures as applied to radiolucent

pediatric stones in four urology departments that are highly

experienced in the management of urolithiasis. The medi-

cal files and records of 56 patients aged\16 years who had

undergone PNL procedures for the treatment of radiolucent

renal stones during the period between 2009 and 2012 were

analyzed retrospectively.

Patients with radiopaque stones, musculoskeletal

deformities, abnormal renal anatomy, and bleeding diath-

esis were excluded from the study. All of the patients

underwent metabolic evaluations, including analyses of

urine pH, urinary stones, serum calcium, phosphorus, and

uric acid, plus measurements of calcium, phosphorus, uric

acid, cystine, and creatinine in 24 h urine samples. In all of

the patients, the urinary analyses were performed and the

urine cultures were obtained preoperatively. The operations

were carried on if the patients had sterile urine cultures. For

preoperative radiological evaluations, kidney–ureter–blad-

der (KUB) radiograms, intravenous pyelograms, renal

sonograms (US), and non-contrasted whole abdominal

computed tomograms (NCCT) were obtained.

Indications for PNL were based on the size of the stone,

and the stone’s resistance to SWL treatment [8]. Stones

larger than 20 mm, and those smaller than 20 mm but

refractory to SWL treatment were included in the analysis.

Pre- and postoperative complications were evaluated

according to the modified Clavien classification [9]. The

PNL technique and the positioning of the patient on the

operating table were similar among the four centers.

Surgical technique

In all of the centers, while the patient was placed in the

lithotomy position, first a ureteral catheter was inserted

through a (9–13F) rigid cystoscope. Then, the patient was

laid into the prone position. A radiopaque agent was

delivered through a ureteral catheter so as to perform ret-

rograde pyelographic examination. Percutaneous renal

access was achieved using an 18 G needle, and a guidewire

under ultrasonographic guidance or with the aid of fluo-

roscopy in cases with calyces where the stones formed a

filling defect. Amplatz or balloon dilator was used as a

dilating instrument. Also, 15–22F nephroscopes were

employed. To avoid hypothermia, irrigation fluids were

heated, and extremities were covered with warm blankets.

The stones were fragmented using ultrasonic or pneu-

matic lithotriptors. Stone forceps were used for stone

extraction. A 14F nelaton or foley catheter was used as a

nephrostomy tube in case it was needed. The ureteral

catheters were removed after termination of the procedure.

The patient characteristics, location and size of the

stone(s), number of access points, operative and fluoros-

copy times, stone-free rates, the types and frequencies of

complications, blood transfusion rates, and the duration of

hospitalizations were recorded. The portable ultrasound

and antegrade pyelography were used to determine post-

operative residual stones. The nephrostomy tubes were

removed on the postoperative first or second days. The

patients were discharged after the cessation of both

hematuria, and (if present) leakage from the nephrostomy

tract. The presence of clinically insignificant (\4 mm)

postoperative residual fragments or a stone-free status was

considered as treatment success. The patients were fol-

lowed up with US at postoperative first month, while non-

contrasted CTs were obtained for patients with suspect

hydronephrosis and urinary stones. Identification of sub-

stance of stones was done by chemical analysis (wet

chemistry).

Results

The total number of renal stones in children and the

numbers of PNL procedures for radiolucent and radiopaque

pediatric stones were shown for each hospital during the
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same time period in Table 1. In these populations, a total of

56 pediatric cases with radiolucent stone were enrolled in

the study. The patient population consisted of 25 (44.6 %)

female and 31 male (55.4 %) children. The mean age of the

patients was 7.8 ± 4.5 years (1–16 years). Calculi were

localized in the right (n = 24; 42.8 %) and left (n = 32;

57.2 %) kidneys. They were situated in the renal pelvis

(n = 13; 23 %), lower calyces (n = 15; 27 %), both upper

calyces and pelvis (n = 5), and multiple calyces (n = 23).

Eighteen patients had a history of failed SWL. We found

metabolic abnormalities in 36 patients (64.2 %). Eight

patients had hypocitraturia, seven had cystinuria, seven had

hyperuricosuria, six had hyperuricemia, five had hyper-

calciuria, and three had hypomagnesuria. The patient,

stone, and operative characteristics are presented in

Table 2.

In all of the patients, the procedure was realized through

a single access site. The mean renal stone diameter was

calculated as 24.07 ± 10.4 mm. The mean operative time

for PNL was 53.2 min (15–170 min). The mean fluoros-

copy time was 172.4 s (5–520 s).

For the fragmentation of the stones, ultrasonic (n = 32

patients; 57 %) or pneumatic (n = 24; 43 %) lithotriptors

were used. Following the PNL procedure, a 14F Foley or

Nelaton catheter was inserted intrarenally. Eighteen

patients (32.1 %) underwent tubeless PNL. The mean

hospital stay was 3.08 days (1–6 days).

Following the PNL procedure, complete stone-free rates

were achieved in 45 (80.3 %) patients, and clinically

insignificant residual stones (\4 mm) were detected in four

(7.1 %) patients. The total success rate of the PNL proce-

dure in the patients with clinically insignificant residual

stones and those who were completely relieved from their

calculi was determined as 87.4 %. Seven patients (12.5 %)

with residual stones who had not received SWL therapy

preoperatively underwent postoperative SWL treatment. In

four of these seven patients, stone-free status was achieved

after SWL. The total stone-free rate was determined as

94.6 % when SWL was applied as an auxillary treatment to

PNL in patients with urolithiasis, including those with

clinically insignificant residual stones. Distribution of stone

compositions was shown in Table 3.

The total complication rate of the PNL procedures was

19.6 % (n = 11). Major intraoperative complications and

additional organ injury were not observed. Blood transfu-

sion was required in a total of five patients during post-

operative (n = 3) and intraoperative (n = 2) periods.

Postoperative fever was observed during the first post-PNL

day in five patients, which was relieved spontaneously in

three patients. In the remaining two patients, the febrile

state was kept under control with the administration of

Table 1 The numbers of PNL procedures for radiolucent and radi-

opaque pediatric stones

Number of PNL procedures

for radiolucent stones

Number of PNL procedures

for radiopaque stones

Center 1 8 38

Center 2 13 110

Center 3 9 32

Center 4 26 127

Total

number

56 307

Table 2 Patient, stone and operative characteristics

No. % Mean Range

Age 7.8 1–16

Female/male 31/25

Stone side (right/left) 24/32

History of unsuccessful SWL 18

Stone localization

Multi-calyces 23 41

Upper and pelvis 5 9

Pelvis 13 23

Lower calyx 15 27

Stone burden (mm) 24.07

Operative time (min) 53.2 15–170

Fluoroscopy time (sn) 172.4 5–520

Type of lithotriptor

Ultrasonic 32 57

Pneumatic 24 43

Auxillary treatment procedure 7 12.5

After PNL stone-free rate 49 87.4

Final stone-free rate 53 94.6

Hospitalization time (days) 3.08 1–6

Table 3 Distribution of stone compositions

Stone analysis n (%)

Uric acid 15 (26.7)

Matrix 12 (21.4)

Struvite 8 (14.2)

Cystine 7 (12.5)

Unknown 14 (25)

Table 4 Complications of PNL

Postoperative fever 5 (8.9 %)

Prolonged tract leakage 1 (1.8 %)

Required blood transfusion 5 (8.9 %)

Overall complication 11 (19.6 %)
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third generation cephalosporins. Urine leakage from the

nephrostomy tract was observed in one patient after the

removal of the nephrostomy tube. All emergent compli-

cations were minor as assessed by the modified Clavien

classification criteria (Clavien Grades I–II). None of the

patients developed any major complications (Clavien

Grades III–IV). The complications are listed in Table 4.

Discussion

The management of urolithiasis in children differs from

that of adults because of the factors that have an impact on

treatment modalities, such as anatomic and metabolic

abnormalities, relatively smaller sized kidneys, and higher

stone recurrence rates. These etiologic factors increase the

importance of minimally invasive urologic treatment

modalities in pediatric urolithiasis [10].

In most of the centers in Europe, SWL is currently the

primary mode of treatment for upper urinary tract stones in

children. However, a lack of consensus still exists relating

to the precise definition of a stone-free state, the decision of

clinically significant residual stone fragments, and what

size stones would be treated. In additon, the requirement of

multiple SWL sessions and the need for general anesthesia

in pediatric cases comprise disadvantages of the procedure

[11].

The localization of radiolucent renal and ureteral stones

during SWL is generally accomplished by US or the

imaging of the collecting system after IV injection of the

contrast agent through percutaneously or retrograd inserted

ureteral catheters [12]. In our PNL series, 18 pediatric

cases had a history of failed SWL applied to their radio-

lucent kidney stones. We used US to focus on kidney

stones.

Percutaneous nephrolithotomy (PNL), which is a stan-

dard urolithiasis therapy for adults, has also become a

standard procedure for pediatric cases with the appropriate

indications [13]. A successful percutaneous access into the

collecting system is the most critical step during a PNL

procedure. Accurately and precisely targeted PNL access

increases the chance of a direct approach to the stone and

its visualization, while shortening operative time [14].

Intraoperative US is as effective as conventional fluo-

roscopy and KUB in delineating residual stone fragments.

The use of US as an imaging modality during every stage

of the operation might protect the patient and the surgical

team from the harmful effects of the radiation, and also

decrease the risk of adjacent organ and tissue injury. At the

same time, non-opaque and semi-opaque stones can be

visualized and managed more easily [15]. The combined

use of US and fluoroscopy can also shorten the duration of

fluoroscopic examinations [16, 17]. For our patients, we

used intraoperative US during the PNL procedures to

assess both access into the calyceal system and postoper-

ative stone-free status. In patients with adequate pelvical-

yceal dilation, we performed US-guided intrarenal access,

while in the remaining patients we previously delivered a

radiopaque agent through a retrogradely inserted ureteral

catheter, and then entered into the calyx, under the guid-

ance of fluoroscopy showing the filling defect of the tar-

geted stone.

Stone-free rates of PNL monotherapy reported range

from 86 to 98 % in the recent literature [10]. In the liter-

ature, a limited number of PNL applications have been

cited for the management of radiolucent kidney stones. In a

study by Resorlu et al. [18] the authors compared the

efficacies of SWL, retrograde intrarenal surgery (RIRS),

and PNL for the clearance of radiolucent kidney stones.

They reported a success rate of 91.4 % after PNL proce-

dures were applied to 140 patients with radiolucent stones.

Penbegül et al. [19] reported a success rate of 82.35 %

following PNL monotherapy performed on a total of 17

children with radiopaque (n = 14) and semi-opaque

(n = 3) stones under US-guided intrarenal access. In our

study involving 56 pediatric patients with radiolucent

stones, while our success rate after PNL monotherapy was

87.4 %, our final stone-free rate was 94.6 %. According to

this stone clearance rate, the success rate of PNL applied to

radiolucent stones was found to be comparable to that of

the radiopaque calculi. We interpreted these relatively

higher stone clearance rates, and deemed it necessary to

perform routine preoperative retrograde pyelography with

simultaneous visualization of the ureterorenal unit and the

creation of a filling defect of the targeted stone. In addition,

routine intraoperative US guidance should be used to detect

residual stone fragments (if any) starting from the renal

access and following the appropriate removal of the

calculi.

In the literature, tubeless PNL has been reported to

reduce postoperative pain, the need for postoperative

analgesia, hospital stays, and perioperative costs [20].

Khairy Salem et al. [21] presented their experiences with

tubeless PNL in pediatric patients so as to determine its

indications and limitations. They also reported relatively

shorter hospital stays, fewer perioperative problems, and a

decreased number of painful episodes related to tubeless

PNL applications. We also used tubeless PNL in 18

(32.1 %) patients, and achieved shorter operation times,

bloodless intraoperative manipulations, and complete

stone-free rates.

One of the most frequently encountered and serious

complications of PNL is massive bleeding with a rate

apparently climbing up to 7–15 %, as cited in the literature.

Bleeding is an important factor that increases mortality and

the risk of the postoperative retention of residual stone
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fragments. The caliber of the instruments used in PNL,

stone burden, and operative times have been reported to

affect the requirement for blood transfusion in pediatric

cases [22, 23]. In our study, in parallel with the literature

findings, a total of five (8.9 %) patients had bleeding epi-

sodes requiring blood transfusions during (n = 2) and after

(n = 3) the operation.

Pediatric PNL procedures convey a relatively higher risk

of hypothermia when compared with those applied to

adults [24]. Especially in cases that pose difficulties during

intracalyceal access or in prolonged PNL applications

because of heavy stone burden, children can easily enter

into a hypothermic state owing to cold irrigations and their

partly uncovered body, which can all contribute to longer

anesthesia times [25]. To avoid these adverse effects, we

warmed the patients with hot compresses preoperatively,

and 15 min before the operation we heated the irrigation

fluids up to body temperature, and used them during the

operation. Additionally, near the completion of the proce-

dure we warmed our patients with an automatic heater

mounted under the operating table. Therefore, we did not

encounter any incidents of hypothermia or prolonged

anesthesia times. We recommend the routine application of

these three preventive measures in every pediatric case.

Probably the most disturbing complication of PNL is

colonic perforation, which can lead to sepsis, peritonitis,

and colonic fistula. In the PNL series cited in the literature,

colonic perforation has been reported at a rate of 0.2–0.8 %

[26]. It generally occurs in the presence of a retrorenal

colon. In the normal healthy population, a retrorenal colon

is seen with an incidence of 1 % [27]. In studies conducted

by Gedik et al. [28] routine CT examinations were rec-

ommended to avoid the development of intestinal perfo-

ration. We did not encounter any complications of colonic

perforation in our series of PNL performed for radiolucent

stones. However, in one of our cases, a CT revealed a case

with a retrorenal colon. In this patient, under ultrasono-

graphic guidance, we created an access tract more medi-

ally, avoiding any intestinal segment. We think that in the

presence of a retrorenal colon, the combined use of fluo-

roscopic and ultrasonographic techniques will ensure suc-

cessful intrarenal access.

One of the minor complications encountered after PNL

procedures is prolonged drainage from the nephrostomy

tract, which is seen in 8 % of the cases [23]. We also

observed this complication in 1 (1.7 %) of our patients.

Because of urine leakage from the nephrostomy tract, we

placed a 4.8F 20 cm JJ ureteral stent on the postoperative

fourth day with the achievement of complete dryness.

It is difficult to determine treatment strategy in the

pediatric age group with radiolucent stones. Besides the

above mentioned disadvantages of SWL, complications

of PNL make it difficult to decide on this issue. In the

light of all this information and literature, despite the

difficulties of SWL in radiolucent stones, it should be

preferred as the first choice because of less invasiveness

than PNL. Also our indications were consist of stones

larger than 20 mm, and those smaller than 20 mm but

refractory to SWL treatment. On the other hand, another

minimal invazive treatment modality is RIRS in this

population. However, ureteral calibration is more thin

and insertion of access sheath is more difficult in pedi-

atric patient than adults [29]. In addition, learning curve

of this procedure is long, so expert institutions/or surg-

eans are limited [30]. Furthermore pediatric patients need

more experience. These disadvanatges limit RIRS pro-

cedure in this group. Besides all this fact, RIRS should

be preferred as the first choice before PNL in experi-

enced centers.

The limitations of this study include the application of

PNL procedures by surgeons with various levels of expe-

rience, and its retrospective design.

Conclusion

Percutaneous nephrolithotomy (PNL) procedures per-

formed on radiolucent renal stones in children are safe, and

they are effective treatment modalities that can be applied

to appropriately indicated renal stones with the inherent

advantages of higher stone-free rates, shorter hospital stays,

and acceptable complication rates without the recurrent

requirements for anesthesia.
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