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Objective: To assess the efficacy and safety of mini-percutaneous nephrolithotomy (PCNL) for small renal stones 1–2 cm in size in infants less than one year.



Material and Methods: This descriptive case series was conducted in the department of pediatric urology Institute of Kidney Diseases Peshawar, Pakistan, from March 2019 to March 2022. All the patients underwent mini-PCNL in prone position under GA with 14 Fr access sheath and 10 Fr nephroscope. Stone clearance was assessed by non-contrast CT KUB at 30th postoperative day. Patients with no residual fragments on the non-contrast CT KUB were defined as stone-free. Patients with residual fragments of any size were defined as procedure failure. Safety was determined in terms of intra and postoperative complications.



Results: A total of 51 infants were included in the study. The mean age of patients was 9.6 + 1.8 (5–12 month). The mean stone size was 15.8 + 2.7 (10–21) mm in length and 12.3 + 2.2 (8–17) mm in width. PCNL mean operative time was 51.6 ± 7.1 (40–70) minutes. Complete stone clearance at one month was observed in 46 (90.2%) patients. Residual fragments were seen in 5(9.8%) patients with a mean size of 1.6 + 0.4 (0.9–2.0) mm. None of the patients required any additional procedure for clearance of stones. In 7 (13.7%) patients, some post-operative complications were observe, all were grade I complications, including fever in 5(9.8%) and transient hematuria in 2(3.9%) patients.



Conclusion: Mini-PCNL is a safe and effective treatment for renal stones in infants measuring 1–2 cm with high SFR and an acceptable complication rate.
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Introduction

The incidence of pediatric nephrolithiasis has increased over the last decade (1). Approximately 20% of urolithiasis cases in children have been observed in infants (2). This may be attributed to the increased awareness of the disease in the general population and the routine usage of ultrasonography (3). Risk factors for renal stones in infants include environmental and metabolic factors, anatomic anomalies, genetic or dietary factors and urinary tract infection (UTI) (4). The presenting symptoms of renal stones during infancy may include irritability, restlessness, UTIs, blood in urine, or passage of stones in urine (2, 4).

Flexible ureteroscopy (fURS), percutaneous nephrolithotomy (PCNL), and extracorporeal shock wave therapy (ESWL) are commonly used to treat renal stones in children. ESWL is usualy preferred for renal stones <2 cm in diameter (5). However, in children this modality requires general anesthesia (GA) and multiple sessions are needed for complete stone clearance (6). The potential for damage to growing kidneys has been demonstrated by a significant rise in the treated kidney's resistive index (RI) after ESWL (7). 49% of patients who received simultaneous bilateral ESWL for multiple stones or in repeated sessions were observed to have decreased glomerular filtration rates (GFRs) (8). PCNL is the benchmark for managing renal stones >2 cm in diameter. Although invasive, it provides a high stone free rate (SFR) as a monotherapy (5). However PCNL was not very much favoured in children due to the risks associated with treating smaller kidneys with larger instruments that may result in parenchymal damage and the associated impact on renal function (9). PCNL has been found not to cause adverse renal morphologic or functional alteration (10). Moreover, in the last few years, a lot of efforts have been made in terms of miniaturization of PCNL instruments, from standard PCNL (24–30 Fr) to mini-PCNL (18–22Fr), Ultramini-PCNL (11–14 Fr), and micro-PCNL (4.8 Fr) (11). This improvisation in instruments has not only assisted the surgical procedures to be used in the pediatric population but also made the possibility to treat the smaller stones that generally would be treated by ESWL.

Mini-PCNL is a feasible alternative to ESWL to treat small renal stones measuring 1–2 cm in size in children and infants. Only a few studies have been conducted on the safety and efficacy of mini-PCNL for managing renal stones in infants less than a year old. In this study, we aimed to show the efficacy and safety of mini-PCNL for small stones 1–2 cm in size in infants with age below one year.



Materials and methods

This descriptive case series study was conducted after approval by the Institutional Review and Ethical Board (IREB) of the Institute of Kidney Diseases (IKD) at the department of pediatric urology IKD in Peshawar, Pakistan, from March 2019 to March 2022. Informed written consent was taken from the parents of all infants admitted for mini PCNL. We confirm that the study procedures fulfill the Declaration of Helsinki principles (12) and that the manuscript has been prepared according to STROBE guidelines (13).

Infants planned for mini-PCNL having normal renal functions, and negative urine cultures were included. Infants with solitary kidneys, ectopic kidneys, or horseshoe kidneys were excluded. All the patients underwent mini-PCNL. All the procedures were performed by the only pediatric urologist of the hospital. We recorded data including age, gender, renal stone characteristics, pre, and postoperative serum creatinine, pre and postoperative hemoglobin levels, per-operative data including cystoscopy, fluoroscopy and operative times, intra and postoperative complications, hospital stay, size of residual stones and SFR. Non-contrast CT KUB was performed to measure the stone size in milimeter. Postoperative Hb level was checked at 24 h postoperatively.

Efficacy was determined in terms of complete stone clearance. Stone clearance was assessed by non-contrast CT KUB at 30th postoperative day. Patients with no residual fragments on the non-contrast CT KUB were defined as stone-free. Patients with residual fragments of any size were defined as procedure failure. Residual stone fragments were graded based on their size: Grade-1: ≤2 mm, Grade-2: 2.1–4.0 mm, and grade-3: >4 mm. Safety was determined in terms of intra and postoperative complications. The intraoperative complications included failure of access, bleeding, colon injury, liver or splenic injury, renal pelvis injury, contrast extravasation, ureteropelvic junction injury and avulsion. Postoperative complications included fever (>38 °C), transient hematuria, need for blood transfusion, urine leakage and urosepsis. We defined the complications according to Clavien–Dindo system (14). The extracted stone fragments were sent to laboratory for analysis. Dietary advice and medical therapy were adequated postoperatively to all patients according to the composition of stones. We are following all patients with ultrasonography at six monthly intervals for stone recurrence and growth of the residual fragments.

Data were analyzed with SPSS version 25 software for windows. Frequencies and percentages were calculated for qualitative data, whereas means and standard deviations were calculated for quantitative data.



Procedure

All the subjects were admitted to the unit a day before the procedure. Baseline investigations, including clotting profile, were performed. All children underwent mini-PCNL under GA. Cystourethroscopy was performed and 3 Fr ureteric catheter was passed in lithotomy position. Then, the position of the patient was changed into prone. Pelvicalyceal system (PCS) was opacified by retrograde administration of contrast (Urograffin). Puncture was made into the desired calyx by using an 18 G PCNL needle, under fluoroscopic guidance, using the Bull's Eye technique. The glide wire (0.035 inch) was passed through the needle into the PCS and ureter. The tract was dilated by using single step dilator, passed over the glide wire and secured with access sheath measuring 14 Fr wide and 8 cm long. It was followed by the introduction of 10 Fr nephroscope to reach the stone under direct vision. We used a manual irrigation system consisting of irrigation fluid connected to the nephroscope via an irrigation tube. We used normal saline as irrigant warmed to body temperature to avoid hyponatremia and hypothermia during the procedure. Stone fragmentation was done with pneumatic lithoclast (2 mm probe). Fragments were extracted using two prongs forceps. The decision to insert a double J stent (DJS) was individualized. We did not use nephrostomy in any of our patients. DJS was used if there was risk of ureteral blockage due to migration of stone fragments. DJS was removed four weeks after the procedure under GA.



Results

The mean age of patients was 9.6 ± 1.8 (5–12 month). The stones were found in both right (n = 24) and left (n = 27) kidneys. The mean stone size was 15.8 ± 2.7 (10–21) mm in length and 12.3 ± 2.2 (8–17) mm in width with a mean stone density of 1,045 ± 237.6 (450–1,530) hounse field unit (HFU). The mean stone size and the demographics of the patients are listed in Table 1.


TABLE 1 Preoperative data of infants.
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All the PCNL procedures were carried out through one access tract. The procedure was performed by puncturing the most appropriate calyx. 59.9% were accessed through the middle pole calyx, 2% through the lower pole, whereas, 41.1% through the upper pole. Totally tubeless PCNL was performed on fifteen patients without any issue being faced during the procedure. DJS placement was carried out for thirty six patients. PCNL mean operative time was 51.6 ± 7.1 (40–70) minutes whereas mean time for fluoroscopy was 103.7 ± 11.9(80–120) seconds. The intraoperative data are shown in Table 2.


TABLE 2 Per-operative data of infants.
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Complete stone clearance at one month was observed in 46 (90.2%) patients. Residual fragments were seen in 5(9.8%) patients with a mean size of 1.6 ± 0.4 (0.9–2.0) mm. None of the patients required any additional procedure for clearance of stones. No statistical difference was seen in post-operative and pre-operative serum creatinine levels (p > 0.05).

The mean hospital stay was 2.5 ± 0.8 (2–5) days. In 7 (13.7%) patients, some post-operative complications were observed. However, no death or serious complication was observed in our series; all were grade I complications, including fever in 5(9.8%) and transient hematuria in 2(3.9%) patients. No major complication such as hematuria requiring blood transfusion, urine leakage, or sepsis was observed in our study. Post-operative data are given in Table 3.


TABLE 3 Post-operative data of infants.
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Discussion

Newborns and infants who are diagnosed with renal stones during the first year of life usually have high chances of spontaneous resolution during the follow up. Andrioli et al. demonstrated that 75% of renal stones ≤5 mm in infants will resolve over a period of 1.1 year and only 15% will require surgical intervention. However stones >6 mm are less likely to resolve and will need surgical intervention. Other indications of surgery include symptomatic obstruction, sepsis and stone growth during the follow up (15). In the current study the renal stones were larger than 1 cm and symptomatic for which mini PCNL was performed.

The treatment of infantile nephrolithiasis is challenging due to the smaller size of the kidneys and the developing parenchyma. An efficient, safe, and less invasive surgical procedure followed by easy postoperative care is critical in treating these patients. The range of options available for treating renal stones in infants includes ESWL, fURS and PCNL.

ESWL in infants is performed under GA and requires repetitive sessions. In addition to the positioning difficulty that may occur, because of their smaller anatomy, the relative nearness of kidneys to lungs constitutes a higher risk for iatrogenic lung injury (16). Also, a large part of the infant's kidney will be exposed to increased energy, which theoretically can lead to a higher risk of acute renal damage, even though different studies revealed no long-term adverse effects of this exposure (17). Furthermore, residual stones after ESWL may lead to the recurrence of nephrolithiasis (18). In our institute ESWL is performed by technicians. Moreover anesthesia facility is also not available in the our ESWL suite. Pediatric URS has an excellent stone-free rate (SFR) with minimal intra or postoperative complications, given the standardized protocol-based approach (19). Flexible URS, however, requires LASER, which is not available in our part of the world. Besides, the procedure requires disposable and costly instruments, making it difficult to afford. The pelvicalyceal anatomy and narrow diameter of the ureter in infants can cause complications, such as ureteral injury, perforation, avulsion, ureteral stricture development, and pyelonephritis, an additional surgical intervention (20). Unfortunately we also don't have flexible URS and laser in our institute. Due to these limitations we favor mini PCNL over ESWL and fURS. The mini-PCNL procedure does not need disposable instruments and can safely be done with a pneumatic lithoclast. Mini-PCNL as monotherapy can lead to the best SFR compared to other minimally invasive techniques, such as ESWL and flexible URS (21).

The reported first session SFR for ESWL, flexible URS, and PCNL in infants are 53% (22), 87.4% (23) and 82.4% (24), respectively. To our knowledge this current study is the first study from Pakistan, reporting the outcomes of mini PCNL in infants, we achieved an SFR of 90.4%. We used a 14 Fr access sheath and 10 Fr nephroscope. Our SFR results are comparable to a study conducted in Bangalore in 2021, in which they reported their experience of minimally invasive PCNL in 24 infants, achieving an SFR of 91% (25). Our SFR results are higher than the study conducted by Dağgülli et al. and Bodakci et al. in which SFR results were 80% and 81.2%, respectively (18, 26). A similar study was conducted in USA by Jackman et al. who performed PCNL in eleven infants and preschool children using 11 Fr peel away sheath. They achieved complete stone clearance in 85% of the patient (27). However the mean age in their study was 3.4 years in comparison to 9.6 months in our study. Different studies were conducted in which they compared the SFR of mini-PCNL and ESWL for 1–2 cm stone in the pediatric population. The SFR after first session was 88.9% for PCNL and 55.6% for ESWL (P = 0.006) (28). Another study was done in China on 46 infants in which they compared the SFR of mini-PCNL and ESWL in infants under three years of age. The 1- and 3-month postoperative SFRs were 84% and 96% in the mini-PCNL group and 31.8 and 86.4% in the ESWL group (29). In 2019, a study in China reported their experience of micro-PCNL and flexible URS for renal stones in infants under two years of age. The SFR one month after surgery was 88.9% and 86.7%, respectively (30).

In multiple studies, the reported complication rates for ESWL, flexible URS, and mini-PCNL in children are 1.5%–35% (31), 10% (23) and 13.9% (32) respectively. In the present study, no intraoperative complication was observed. Postoperatively 13.7% of the patients developed only grade I complications, including fever in 9.8% and transient hematuria in 3.9%. None of our patients needed a blood transfusion. No case of urine leakage or sepsis was observed in the current study. The overall complication rate in our study is comparable to the study done in Bangalore by Patil et al., which is 16% (25). However, our complication rate is relatively better than that reported by Dağgülli et al., which was 40%, including bleeding requiring blood transfusion in 10%, fever in 10%, and UTI in 20% of the patients (18). Our complication rate is also better than that of Bodakci et al., which was 27%, including bleeding requiring blood transfusion in 4.2%, fever in 8.3%, and UTI in 14.6% of the patients (26).

The cause of renal stones in infants is uasually a metabolic disorder. Therefore full metabolic evaluation should be perfomed in these patiients. Dietary and medical therapy should be initiated according to the stone compostion to prevent stone recurrence. These patients, especialy those with residual fragments need regular follow up to monitor the progression of the disease.

The study's limitations may include the associated risk of radiation exposure to infants during the procedure. Other limitations are the small sample size, experience from a single center, and the study's observational nature.



Conclusion

We concluded that mini-PCNL is a safe and effective treatment for renal stones in infants measuring 1–2 cm with high SFR and an acceptable complication rate. However, further studies with a large sample size from multiple centers and randomized control trials should be conducted to further probe into the outcomes of this procedure in infants for 1–2 cm renal stones.
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