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Summary

Introduction

Renal stones are relatively uncommon in the pedi-

atric population. This study aimed to evaluate the 

utility of conservative management of small renal 
stones in prepubertal children.

Patients and methods

A retrospective chart review was conducted for 
children (≤12 years old) with small renal stones 

(3—10 mm) from 2016 to 2023 who underwent con-

servative management. Management included peri-

odic renal ultrasonography, every 6 months, in 
addition to good hydration. Stones were confirmed 

by two consecutive ultrasounds. We recorded the 

patient’s demographics and ultrasound findings 

(stone side, size, laterality, location, number, and 
associated hydronephrosis). Surgical intervention 

was indicated if recurrent loin pain, recurrent UTI, 

or worsening hydronephrosis (obstructing stone). 
Nephrolithiasis was considered resolved if stones 

were not visualized on 2 consecutive ultrasounds. 

Moreover, we evaluated conservative management 

outcomes for those presented during infancy (<12 
months) versus later.

Results

We included 52 patients (65renal units) who pre-

sented at a median age of 46.1months (5.3—155.1). 

Seventy-five percent of patients had incidental renal 

stones. The median stone size was 4 mm (3—10). 
Forty-six percent of stones were in the lower calyx. 

The majority (70.8 %) had no hydronephrosis at 

presentation. During a median follow-up of 

39months, 15patients with 17units (26.2 %) were

documented stone-free. Ten patients (19.2 %) had 

symptomatic stone events, all measured ≥4 mm. Of 

them, 6 patients (6 units) underwent surgical in-

terventions, and 4 patients (4 units) experienced 

complications. A ROC curve analysis identified a 

stone size cutoff of 4 mm (sensitivity 100 % and 29 % 
specificity) that could be associated with symptom-

atic stone events. Using a multivariate Cox regres-

sion model, stone size was the only significantly 

associated factor with subsequent surgical inter-

vention (p � 0.007). 19 % (10patients,12units) pre-

sented during infancy. Notably, the incidence of 

stone-free rate was significantly higher during in-

fancy compared to older children (58.3 % vs 18.9 %, 
respectively).

Discussion

During a 39-month follow-up, 4 patients developed 
complications (2recurrent pain and 2 experienced 

UTI), supporting the safety of conservative man-

agement of small renal stones. This study is limited 
due to its retrospective design and the reliance on 

ultrasound as the main imaging method. To minimize 

that, all ultrasound images were carefully reviewed 

by two pediatric urologists. Moreover, renal stones 
were confirmed using strict criteria, which required 

detection in two consecutive ultrasounds.

Conclusion

Although 26.2 % of units had spontaneously resolved 

nephrolithiasis, surgical intervention was only 

required in 11.5%of patients, all of whom had renal 
stones≥4 mm. Infants had higher spontaneous reso-

lutions without complications, suggesting that con-

servative management may be especially effective 

in this subgroup.
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Introduction

The prevalence of pediatric stone disease varies globally, 
with higher incidence in endemic areas such as Thailand 
and Turkey [1—3]. Recent studies indicate that the inci-

dence of urolithiasis in children has been increasing over 
the past few decades [1,4]. This rise places a greater 
burden on healthcare systems due to increased hospital 
admissions, emergency visits, and medical and surgical 
treatments [5,6].

Despite significant advancements in treating urolithiasis 
and establishing multiple best practice guidelines, there is 
still no clear consensus specifically addressing pediatric 
urolithiasis due to insufficient evidence [4]. Furthermore, 
ambiguity persists regarding both conservative and inter-

ventional approaches for managing urinary stones in chil-

dren [7,8]. In general, conservative management is 
considered the first-line approach for children with small, 
asymptomatic stones (<4—5 mm), with a potential for 
spontaneous passage [1,9].

The course of asymptomatic kidney stones is not well-

defined. While some patients may experience stone-related 
events and need surgical intervention, many may remain 
symptom-free or pass the stones spontaneously. This would 
be clinically valuable for both patients and physicians to 
make more informed decisions when choosing active sur-

veillance [10,11].

In the present study, we evaluated the outcomes of 
small renal stones in prepubertal children managed 
conservatively, including stone-free status at the end of 
follow-up and the rate of change to surgery. We believe 
that with this knowledge, we can provide more informed 
guidance to patients on the available treatment options.

Patients and methods

After approval by our institutional ethical board, we con-

ducted a retrospective review of patients’ charts who 
presented with stone disease at ≤ 12 years of age between 
January 2016 and June 2023. We included prepubertal 
children initially assigned for conservative management 
with small renal stones (3—10 mm). Our exclusions included 
patients who required initial surgical or endoscopic man-

agement at initial presentation, were lost to follow-up, or 
had follow-up of <6 months.

Our institution is a tertiary center in a metropolitan area 
with a population of approximately 8 million people, 
including 2.5 million children. The travel time to the hos-

pital ranges from 15 to 45 min.

We collected the patient’s demographics, mode of pre-

sentation, and method of diagnosis. Stone-related data 
were recorded, including laterality, side, location, size, 
and number of stones. Due to the risk of radiation expo-

sure, renal stones were diagnosed and evaluated by ultra-

sound. Renal stones were confirmed by a repeat ultrasound 
within 3 months, to avoid artefact-related misdiagnosis. A 
renal stone is defined as an echogenic focus within the 
renal collecting system, which is associated with a posterior 
acoustic shadow and/or twinkle artifact on Doppler imag-

ing. Stone size was obtained by ultrasound. In cases of

multiple stones, the size of the biggest stone was obtained. 
All ultrasound studies, including stone measurements, were 
reviewed by 3 pediatric urologists. The Society for Fetal 
Urology system was used to grade hydronephrosis if pre-

sent. Computed tomography (CT) studies were avoided 
unless the diagnosis with ultrasound was inconclusive. 

Conservative management was recommended―after 
discussing the risks and benefits with parents―if the renal 
stone size was ≤10 mm, provided the stone was non-

obstructing and the patient was asymptomatic or had only 
one episode of mild flank pain or microscopic hematuria. 
Conservative management included adequate hydration 
and periodic follow-up with renal ultrasound. Emergency 
instructions were given to all patients in case of loin pain, 
urinary tract infection, or gross hematuria.

Patients were followed up at 6-month intervals if clini-

cally stable; otherwise, closer follow-up with further in-

vestigations was arranged. Low-dose CT without contrast 
was requested if there was recurrent pain, UTI, or wors-

ening hydronephrosis. We reviewed and recorded follow-up 
data regarding the number, size, and location of renal 
stones. Stone-free status was considered if the stone was 
not visualized in two consecutive follow-up ultrasounds 
(with 4—6 months intervals). Complications during follow-

up were systematically documented. These included clini-

cally confirmed UTI and renal/abdominal pain attributable 
to the stone. Subsequent surgical/endoscopic management 
was indicated for patients who developed recurrent loin 
pain, recurrent UTI, or had worsening hydronephrosis 
(obstructing stone). Preoperatively, non-contrast low-dose 
CT was ordered to better assess stone size and location. 

Our primary objective was to evaluate the outcomes of 
conservative management in this specific age group, 
focusing on stone-free status at the end of follow-up and 
rate of change to surgery. Our secondary objectives were to 
compare the characteristics of patients with symptomatic 
stone events to those who remained asymptomatic 
throughout follow-up. Symptomatic stone events were 
considered when stones that were complicated during 
follow-up (developed renal colic or UTI) or when requiring 
surgical/endoscopic management. Moreover, we evaluated 
possible stone size cutoffs associated with symptomatic 
stone events and subsequently compared the outcome 
based on a selected stone size cutoff. Finally, the outcomes 
were analyzed according to age groups (infantile versus 
non-infantile).

Data collection and statistical analysis were performed 
using the Statistical Package for the Social Sciences (SPSS 
version 26). Time-dependent outcomes, including patients 
presented to ER, complications, surgical interventions, and 
stone-free units, were analyzed using Kaplan—Meier curve/ 
Log-rank test. Categorical data were displayed using 
numbers and percentages and evaluated using the chi-

squared test. Moreover, continuous data were presented in 
medians and ranges and compared using the Mann—Whitney 
U test. We used a Receiver Operating Characteristic Curve 
(ROC) to evaluate stone size cutoffs associated with 
symptomatic stone events. Using the Cox proportional 
hazards regression, univariate and multivariate analyses 
were used to evaluate possible associated factors with the 
risk of subsequent surgical intervention. Following the
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univariate analysis, parameters with a p ≤ 0.1 were 
included in the multivariate analysis. A p-value of <0.05 
was considered statistically significant.

Results

Out of 187 patients who presented with renal stones to our 
center, we excluded 135 patients who did not meet our 
inclusion criteria (Supplementary Fig. 1). Finally, we 
included 52 patients (65 renal units) with a median stone 
size of 4 mm (3—10) (Supplementary Fig. 2).

Table 1 presents patients’ demographics. Thirty-nine 
patients (75 %) had incidentally discovered renal stones. 
The presence of renal stones was confirmed sonographically 
by the detection of twinkle artifact (50 units), posterior 
acoustic shadow (1 unit), and both (14 units). Forty-six 
renal units (70.8 %) of 36 patients had no hydronephrosis 
on initial ultrasound. Sixteen units (24.6 %) of 13 patients 
had congenital hydronephrosis (9 as SFU grade 1, 4 grade 2, 
and 3 as grade 3). Three units (4.6 %) of three patients had 
hydronephrosis related to stones (all were SFU grade 1). 
Nine patients (11 units) underwent imaging evaluation with 
non-contrast low-dose CT. Of these, 6 patients (11.5 %) had 
subsequent surgical intervention. Two patients had bilat-

eral non-obstructive stone disease accompanied by hydro-

nephrosis. One patient had flank pain, and a CT was 
performed at presentation. Interestingly, there was no 
significant difference between stone size measured by ul-

trasound (median � 5 mm, range 3—10 mm) and CT 
(median � 6 mm, range 3—12 mm) (p � 0.2).

At a median follow-up of 39 months, 9.2 % of units (6 
patients) had endoscopic management, while 26.2 % of 
units (15 patients) had resolved stones, as shown in two 
consecutive ultrasound studies (Table 2).

Successful conservative management

Seventeen units (15 patients) (26.2 %) had documented 
stone-free status at a median follow-up of 34.1 months 
(11.5—104.1). The median number of follow-up visits was 5 
(2—13). Of these patients, 5 patients (33.3 %) were male. 
Five units (29.4 %) had hydronephrosis (3 had grade 1 
hydronephrosis, 2 had grade 2). The median initial stone 
size was 4 mm (3—8). Eleven units (64.7 %) of 9 patients had 
multiple renal stones. Forty-seven percent (8 units) were 
lower calyceal stones. Four patients (4 units) experienced 
complications managed conservatively without subsequent 
intervention. Of them, 2 patients experienced 2 episodes of 
loin pain/discomfort, and 2 had a single UTI episode.

Surgical intervention

A total of 6 patients (11.5 %) with 6 units, three males and 
three females, underwent surgical intervention after initial 
conservative management. All had unilateral renal stones. 
They presented at a median age of 50.8 months 
(20.6—137.4) and had a median initial stone size of 6.5 mm 
(4—10). Four patients had no hydronephrosis at presenta-

tion and were discovered incidentally. Interestingly, five

Table 1 Patients’ demographics and ultrasound findings at presentation.

Parameter Finding

Gender Male n (%) 23 (44.2)

Female n (%) 29 (55.8)

Age at presentation median (range) 46.1 months (5.3—155.1)

Presentation Incidental n (%) 39 (75)

Pain n (%) 8 (15.4)

Microscopic hematuria n (%) 5 (9.6)

Positive family history of stone disease n (%) 10 (19.2)

History of prematurity n (%) 11 (21.2)

History of postnatal furosemide administration n (%) 8 (15.4)

Laterality Unilateral n (%) 39 (75)

Bilateral n (%) 13 (25)

Side of stone Right n (%) 31 (47.7)

Left n (%) 34 (52.3)

Number of stones Single n (%) 31 (47.7)

Multiple n (%) 34 (52.3)

Stone size median (range) 4 mm (3—10)

Location of stone Lower calyx n (%) 30 (46.2)

Middle calyx n (%) 8 (12.3)

Upper calyx n (%) 6 (9.2)

Renal pelvis n (%) 4 (6.1)

Scattered n (%) 17 (26.2)

Hydronephrosis grade Total n (%) 19 (29.2)

Grade 1 n (%) 12 (18.4)

Grade 2 n (%) 4 (6.2)

Grade 3 n (%) 3 (4.6)

Patients had non-contrast low dose CT scans n (%) 9 (17.3)
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patients (83.3 %) had a single renal stone. Three patients 
(5.75 %) demonstrated progressive or newly developed 
hydronephrosis. Spiral CT confirmed stone migration to the 
ureter. Consequently, endoscopic management via ure-

teroscopy with laser fragmentation was elected. At the 
time of ureteroscopy, one of these patients had further 
stone migration into the bladder, which was managed by 
cystolitholapaxy. The remaining three patients (5.75 %) had 
persistent renal stones and developed recurrent loin pain. 
This was associated with either newly developed

hydronephrosis in two patients (grade 2 in both) or pro-

gression of pre-existing hydronephrosis in one patient (from 
grade 1 to grade 2). They underwent retrograde intrarenal 
surgery (RIRS), using flexible ureteroscopy and laser frag-

mentation. None had ureteropelvic junction obstruction or 
ureteral stricture.

Univariate analysis showed that renal stone size, single 
renal stones, and non-lower calyceal stones were associ-

ated with subsequent surgical intervention (Supplementary 
Table 1). Using the multivariate Cox proportional hazards

Table 2 Follow-up characteristics and outcomes of conservatively managed renal stones.

Parameter Finding

Follow-up duration median (range) 39 months (6.2—106.53)

Number of follow-up visits median (range) 5 (2—15)

Number of ER visits median (range) 0 (0—3)

Follow-up status Stone free n (%) 17 (26.1)

Stable n (%) 37 (56.9)

Change location n (%) 7 (10.8)

Increase number n (%) 3 (4.7)

Decrease number n (%) 1 (1.5)

Last stone size median (range) 3.5 mm (3—10)

Last stone number a Single n (%) 20 (47.6)

Multiple n (%) 22 (52.4)

Last stone location a Lower calyx n (%) 18 (42.9)

Middle calyx n (%) 7 (16.7)

Upper calyx n (%) 7 (16.7)

Scattered n (%) 10 (23.8)

Change to surgery n (%) 6 (9.2)

Complications managed conservatively None n (%) 61 (93.8)

Pain n (%) 2 (3.1)

UTI n (%) 2 (3.1)

a Out of 42 units who are still under follow up (neither disappeared or changed to surgical management).

Table 3 Comparison of clinical and radiological characteristics between stones that remained asymptomatic during follow-up 

and symptomatic stone events.

Parameter Stones remained asymptomatic 

42 patients (55 units)

Symptomatic stone events * 

10 patients (10 units)

P Value

Age at presentation months 

median (range)

45.2 (5.3—148.9) 76.4 (20.6—155.1) 0.05

Gender Male n (%) 18 (42.9) 5 (50) 0.68

Female n (%) 24 (57.1) 5 (50)

Side of stone Right n (%) 25 (45.5) 6 (60) 0.4

Left n (%) 30 (54.5) 4 (40)

Initial stone size mm median 

(range)

4 (3—10) 5.5 (4—10) 0.01

Multiple renal stones n (%) 32 (58.2) 2 (20) 0.03

Bilateral renal stones n (%) 13 (30.9) 0 0.04

Presence of hydronephrosis n (%) 15 (27.3) 4 (40) 0.4

Lower calyx stone n (%) 25 (45.5) 5 (50) 0.8

Follow-up duration months 

median (range)

45.2 (6.2—106.53) 43.6 (6.7—93.7) 0.56

*Symptomatic Stone Events: Patients who had symptomatic episodes leading to ER visits, hospital admissions, or required surgical

intervention.
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model, stone size was the only associated factor with sur-

gical intervention following initial conservative manage-

ment (p � 0.007).

Symptomatic stone events

A total of 10 patients (10 units) were identified to have 
symptomatic stone events (4 had complications without 
intervention, and 6 had surgical interventions) (Table 3). 
This cohort presented at a median age of 76.4 months. 
Notably, symptomatic stone events were predominantly 
unilateral, with only 2 units with multiple stones (p � 0.04 
and 0.03, respectively). They had a median initial stone 
size of 5.5 mm (4—10), which was significantly larger than 
those who remained asymptomatic (p � 001).

Ten patients (19.2 %) presented to the ER. Of these, 2 
had abdominal pain attributable to stone disease, and 2 
others experienced UTI with positive urine culture and 
received appropriate antibiotic treatment. All four patients 
were managed conservatively without further in-

terventions. The remaining 6 patients had ER visits unre-

lated to their stone disease.

Using ROC curve analysis (Supplementary Fig. 3), we 
were able to identify a stone size cutoff of 4 mm (sensitivity 
100 % and 29 % specificity) that could be associated with 
symptomatic stone events (AUC � 0.71; CI � 0.544—0.878; 
p � 0.035). Accordingly, we categorized patients into two 
groups according to the initial size of the stone: patients 
with <4 mm stones or those with ≥ 4 mm stones (Table 4). 
There were no significant differences in terms of ER visits 
and stone-free rate (p � 0.49 and 0.8, respectively). All 
patients who underwent subsequent surgical interventions 
or complications had a stone size ≥ 4 mm, compared to 
none with a stone <4 mm (p � 0.04 and 0.08 respectively, 
using Log-rank test).

Infantile vs non-infantile stones

Nineteen percent (10 patients with 12 units) presented dur-

ing infancy, while the remaining (42 patients with 53 units) 
presented later (Supplementary Table 2). The initial stone 
size, laterality, presence of multiple stones, associated

hydronephrosis, follow-up duration, and follow-up visits 
were comparable in both groups. Notably, the incidence of 
stone-free rate was significantly higher during infancy 
compared to older children (58.3 % vs 18.9 %, respectively; 
p � 0.026). Moreover, none of the infantile stones had sub-

sequent intervention or were associated with complications 
during follow-up.

Discussion

As pediatric stone disease becomes more prevalent, 
attention to this patient population is increasingly neces-

sary. Consequently, significant efforts should be made to 
identify the most suitable management strategy. With the 
increased use of radiologic investigations, more asymp-

tomatic renal stones are found incidentally. While 75 % of 
renal stones in our group were discovered incidentally, 
forty-six percent of those stones were in the lower pole 
with a median size of 4 mm. These findings highlight the 
importance of enhancing the treatment of asymptomatic 
and small renal calculi to improve the outcomes and reduce 
the costs of unnecessary interventions.

The definition of renal stone, which is a candidate for 
conservative management, is not widely agreed upon for 
the pediatric population. The latest pediatric guidelines 
from the European Association of Urology (EAU) recom-

mended conservative management as the primary treat-

ment option for infantile stones <3 mm and lower pole 
calyx stones of less than 10 mm size [12]. While the 
American Urological Association (AUA) guidelines recom-

mend observation for asymptomatic and non-obstructing 
renal stones [4]. Due to the costs and potential risks of 
the later procedures, conservative management is often 
recommended for asymptomatic kidney stones [13].

The investigation of pediatric stone disease involves 
various approaches. Ultrasound examination is commonly 
used as the initial imaging modality. CT scans are infre-

quently used at the start of evaluating nephrolithiasis in 
children due to the high risk of radiation exposure. To 
address this concern, protocols utilizing low-dose CT 
without contrast have been developed specifically for pe-

diatric patients and are mainly recommended when the

Table 4 Comparison of conservative management outcomes based on the initial size of renal stone.

Parameter Stone <4 mm

14 patients (16 units)

Stone≥ 4 mm

38 patients (49 units)

P Value

Age at presentation median (range) 32.2 months (5.6—125.5) 47.4 (5.4—155.1) 0.24

Multiple renal stones n (%) 8 (50) 26 (53.1) 0.83

Bilateral renal stones n (%) 2 (14.3) 11 (28.9) 0.28

Lower calyceal stones n (%) 7 (43.8) 23 (46.9) 0.82

Presence of hydronephrosis n (%) 3 (18.8) 16 (32.7) 0.29

Follow-up visits median (range) 3 (2—11) 6 (2—15) 0.12

Follow-up duration median (range) 23.2 months (6.2—82.6) 39.3 months (6.4—106.5) 0.17

Patients had ER visits n (%) a 2 (14.3) 8 (21.1) 0.49

Complications managed conservatively n (%) a 0 4 (8.2) 0.08

Change to surgery n (%) a 0 6 (12.2) 0.04

Symptomatic stone events n (%) a 0 10 (20.4) 0.022

Units documented stone free n (%) a 4 (25) 13 (26.5) 0.8

a Assessed using the Kaplan—Meier curve/Log-rank test.
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patient exhibits symptoms, and the presence of a stone is 
suspected but not confirmed through ultrasound examina-

tion [14]. We adopted this approach when investigating our 
patients to avoid any unnecessary radiation exposure. 

Many previous studies reported favorable outcomes of

conservative management. Bas ‚ tu � g et al. obtained data

from 2513 children with urolithiasis, of which 95 % had 
kidney stones. They reported 80.3 % stone passage after a 
year’s follow-up on conservative follow-up [15]. Their re-

ported passage rate is much higher than our results (21.5 %) 
and was achieved over a significantly shorter duration than 
our 34-month median follow-up. This discrepancy may be

partly attributed to the fact that in Bas ‚tu � g’s cohort, around

half of the stone passages were observed in infants and 
cases of stones <3 mm. Similarly, Dangle et al. reported a 
conservatively managed cohort of mixed renal (45 patients) 
and ureteric stones (72 patients) [16]. While including some 
patients with 2 mm stones, they concluded that stones with 
an average size of 3.5 mm were more likely to pass spon-

taneously. In our study, we excluded stones <3 mm to go 
with the most recent guidelines.

The management of lower pole stones is a topic of sig-

nificant debate, making the decision-making process quite 
challenging [17]. In one of the largest cohorts evaluating

the natural history of renal stones, O ¨ ner et al. included 337

pediatric patients. They found that 64.3 % of the lower pole 
stones and 75.8 % of the upper-middle pole stones improved 
with follow-up [18]. Dos Santos et al. described that lower 
pole stones are less likely to require surgery. In their study, 
only 21.4 % of stones required intervention, while 53.6 % 
resolved spontaneously [19]. Interestingly, Telli et al. re-

ported a progressive stone disease in about two-thirds of 
their pediatric cohort with lower pole stones and less than 
10 % stone-free rates with conservative management [20]. 
Our findings indicated that although non-lower calyceal 
stones were associated with subsequent surgical interven-

tion in the univariate analysis, stone size was the only 
associated factor of surgical intervention using the COX 
multivariate regression model.

In our study, 11.5 % of patients needed surgical inter-

vention after initial conservative management. This change 
in the management plan was due to pain or stone migra-

tion. On the other hand, Zu’bi and coworkers reported a 
34.5 % intervention rate in renal stones with 6 mm median 
initial size. While indications of surgery were not clearly 
mentioned, their study aimed to assess stone growth and 
stone-related surgeries based on the underlying metabolic 
condition, which may explain the rapid growth and subse-

quent surgeries in certain metabolic profiles [21].

The anatomical and physiological characteristics of each 
stage of pediatric development pose challenges in managing 
urolithiasis compared to stone disease in adulthood. Pietrow 
et al. found that children aged ≤10 years were more likely to 
develop renal stones, which tended to be larger and less 
likely to pass spontaneously. Kalorin et al. confirmed that 
younger children are more prone to renal calculi but reported 
similar stone sizes across age groups. They found that 
younger patients passed renal stones more frequently than 
their older peers. Based on those findings, Karolin and her 
group suggested that asymptomatic children under 10 who do

not have a single kidney and with no urinary tract anomalies 
may be managed conservatively before considering invasive 
treatments [22,23]. Our data demonstrated a higher inci-

dence of symptomatic stone events for patients presented at 
a median age of 76.4 months (>6 years). This suggests a 
higher likelihood of clinically significant stone disease with 
older age at presentation.

In Bas ‚tu � g’s cohort, stone resolution was observed in 83 %
of infantile stones compared to 77.5 % of non-infantile 
stones (p < 0.05) under conservative management. In our 
cohort, 7 units (58.3 %) were confirmed as stone-free 
compared to 10 units (18.9 %) in non-infantile stones. The

higher rate of stone resolution reported by Bas ‚tu � g’s study

could be explained by the differences in inclusion criteria.

Bas ‚ tu� g and colleagues included all types of urinary stones

and stones equal or less than 3 mm. In contrast, our in-

clusion criteria were strict to include only kidney stones 
with a diameter >3 mm.

One limitation of our present study is its retrospective 
nature. To minimize this limitation, we revised all ultra-

sound images by expert pediatric urologists. Another limi-

tation was the use of ultrasound examination as the 
mainstay of initial radiological imaging. However, our 
definition of confirmed renal stone was strict in terms of 
two subsequent ultrasounds. Low-dose CT without contrast 
was avoided or used sparingly during the initial evaluation 
due to its high risk of radiation [14,24]. Moreover, ultra-

sound can potentially overestimate stone size due to fac-

tors such as the posterior acoustic shadowing and operator 
dependency. Furthermore, although confirming stone res-

olution by 2 subsequent ultrasound studies, it does not 
provide direct evidence of stone passage. However, con-

firming stone passage can be challenging, particularly in 
younger children who may not reliably exhibit symptoms 
associated with passing a stone.

An additional limitation is that some patients who were 
excluded due to initial surgical intervention might have 
successfully passed their stones with conservative manage-

ment. Nevertheless, in most pediatric institutions, surgical 
decisions are guided by surgeons’ clinical judgment, imaging 
findings, and parents’ counseling. Another limitation is that 
the recorded UTIs may not be attributed to the stones 
themselves; thus, the reported ones associated with obser-

vational management may be conservatively estimated. 
Lastly, some patients might have sought care at other hos-

pitals, especially for emergencies. However, most patients 
are typically queried about such events during their subse-

quent clinic visits. Moreover, we excluded patients who lost 
follow-up without documented stone passage.

Conclusion

Despite the low percentage of resolved stones in this series, 
conservative management of small renal stones was shown 
to be associated with low complications and intervention 
rates. All patients had subsequent surgical interventions 
had a stone size of ≥4 mm. Stone size was the only inde-

pendent predictor of subsequent intervention. Notably, 
infants demonstrated a significantly higher stone-free rate 
without complications.
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