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Purpose: The aim of this study is to determinewhat factors predict spontaneous passage of ≤1 cm ureteral stones
in children.
Methods: Files of the patients diagnosedwith a single ureteral stone on a given side between 2008 and 2017were
retrospectively reviewed. Patients with congenital obstructive uropathy, neurogenic bladder, vesicoureteral re-
flux and those with a stone diameter of N1 cmwere excluded. Detection of ureteral stones was done using ultra-
sonography (US) primarily, and computed tomography when US findings were inconclusive. Patients were
treated either conservatively or surgically. Conservative treatment included adequate hydration and pain man-
agementwhereas surgical treatment included ureteroscopic intervention. Apart from thosewho required urgent
intervention, patients were referred for surgical treatment after 2–4 weeks of follow-up with no spontaneous
passage. Factors analyzed for association of spontaneous passage included age, gender, type of hematuria,

stone localization, laterality, presence of concomitant kidney stone, degree of hydronephrosis, stone size and
stone composition.
Results: A total of 70 patients (38 males, 32 females); median age 4.7 years had a ≤ 1 cm ureteral stone (median
diameter 7 mm). US was able to diagnose the ureteric stone in 47 patients while computed tomography was re-
quired in 23 patients. Spontaneous passage was observed in 40 patients (57.1%). Median time for stone passage
was 8 days (3–34 days). Stone size and presence of hematuria (macroscopic and microscopic combined) were
factors associated with spontaneous passage and 6.7 mm was found to be the cut-off (AUC = 0.953; 95% CI
0.905–1.000; sensitivity 96.7%, specificity 82.5%, p b 0.001). Moreover, age, degree of hydronephrosis or stone lo-
cation were not associated with spontaneous passage.
Conclusion: Patientswith a ureteric stone size b6.7mmcan safely be followed conservatively,with a spontaneous
passage rate of 82.5%.
Type of Study
Case series with no comparison group.
Level of Evidence
IV

© 2019 Elsevier Inc. All rights reserved.
a F. Saltzman, MD (Children's
t. Conflict of Interest: None.
rformed in studies involving
l standards of the institutional
elsinki declaration and its later

ch Hospital, Pediatric Urology,
3 6723.
ı), m_irfan83@yahoo.com
in@yahoo.com (B. Çetin),
Urolithiasis is an important cause of morbidity in both adults and
children, with an increasing prevalence worldwide, that may cause
renal functional damage, lead to emergency room visits and affect qual-
ity of life [1]. The overall incidence of urolithiasis in children is 6–10%,
with the majority (~ 5%) being ureterolithiasis [2,3]. Although clinical
findings in adults are often more obvious, children are more difficult
to diagnose, especially infants and toddlers who may not present with
traditional renal colic symptoms [4]. Therefore, it is challenging to diag-
nose, follow and treat these patients.

Treatment options in children and adolescents with ureteric stones
include pain control, medical expulsive therapy (MET) and
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interventions such as extracorporeal shock wave lithotripsy (ESWL),
ureteroscopy, percutaneous surgery, laparoscopy assisted or open sur-
gery. Similar to adults, treatment strategies are based on stone location,
size and clinical and radiological findings [5]. However, spontaneous
passage of ureteric stones is possible in pediatric patients. Although pre-
dominantly cited in the adult literature, lower stone size, distal stone lo-
cation, younger age, left sided stones and presence of hydronephrosis
have been shown to predict spontaneous stone passage [6–10]. Also,
there are studies reporting successful spontaneous passage with medi-
cal expulsive therapy, but small patient cohorts and no long-term
follow-up limit these studies [11,12].

The evidence for medical expulsive therapy, watchful waiting and
spontaneous passage for ureteral stones in children is limited, and it re-
mains unclear which patients with which stones are best suited for
these strategies [13]. Surgical interventions such as ureteroscopy, per-
cutaneous/laparoscopic/open surgeries are alternative treatment strat-
egies, however they are invasive, associated with potential
complications, expensive and require general anesthesia [1,4]. ESWL is
comparably safer, however it also requires anesthesia, and pediatric
ESWL centers are limited.

Understanding the natural course of ureteric stones may help de-
velop appropriate treatment and follow-up strategies. The objective of
this study is to determine what factors predict spontaneous stone pas-
sage in children with ureteral stones ≤1 cm that were treated with
pain management and adequate hydration.
Table 1
Initial patient characteristics.

Frequency Percent

(n) (%)

Gender
Male 38 54
Female 32 46
Laterality
Left 37 52.8
Right 30 42.9
Bilateral 3 4.3
Previous stone event 11 15.7
Family history of urolithiasis 47 67.1
Presence of hydronephrosis 55 78.6
Presenting symptom
Hematuria 51 72.9
Microscopic 35 50
Macroscopic 16 22.9
Abdominal/flank pain 39 55.7
Pyuria 24 34.3
Restlessness 14 20
Vomiting/nausea 10 14.3
Dysuria 7 10
1. Material and methods

After obtaining local board approval, patients primarily seen by pe-
diatricians and referred to two pediatric nephrology clinics between
2008 and 2017 were identified and records retrospectively reviewed.
Patients with a single ureteric stone ≤1 cm (on a given side) were in-
cluded, while patients with congenital obstructive uropathy, neuro-
genic bladder, vesicoureteral reflux and those with a stone diameter of
N1 cmwere excluded. Information on patient age, gender, initial symp-
tom, familial history of urolithiasis, clinical and laboratory findings, im-
aging and treatment modalities were recorded.

Urinary ultrasonography (US) was used as the initial imaging mo-
dality while computed tomography (CT) was used when ultrasonogra-
phy was inconclusive. Maximal stone diameter was measured and
recorded. Cases with severe obstruction (grade 3–4 as per Society for
Fetal Urology classification [14]), uncontrolled abdominal/flank pain, si-
multaneous febrile urinary tract infection and intractable vomitingwere
referred for urgent intervention (i.e. ureteroscopy). Patients who were
clinically stable were treated conservatively using analgesics and ade-
quate hydration for 2–4 weeks to try to allow spontaneous passage.
These patients were evaluated weekly using plain X-ray film of the ab-
domen (KUB) or US. After the 2–4week follow-up period, patients with
persistent ureteric stones were referred for intervention. Patients were
then divided into 2 groups after this follow upperiod; thosewhopassed
their stones (spontaneous passage) and those who did not pass their
stones. These groups were then compared. Stone passage was defined
either by obtaining the physical stone specimen or resolution of
hydronephrosis with symptom resolution. For thosewho did not return
a physical stone as evidence for passage, urinary USwas repeated to de-
termine the status of hydronephrosis. Stones collected or extracted sur-
gically were sent for stone analysis.

A power and sample size calculation was performed with the
GPower software (v.3.1.9.2, Franz Faul, Kiel University, Germany)
using “spontaneous stone passage” as the main outcome variable. The
expected probability of the eventwas taken as 57%,whereas thepropor-
tion for the alternative hypothesis was considered 40%. A Post hoc anal-
ysis demonstrated that a total sample size of 67 participants reaches a
power of 80% in detecting the difference using the chi-square test
with an effect size of 0.34 (medium) and an alpha error of 5%.
Data were analyzed with IBM SPSS 24.0 software. Correlation be-
tween spontaneous passage and aforementioned factors were investi-
gated. Data were confirmed to have normal distribution using the
Kolmogorov–Smirnov test, histogram inspection and coefficient of var-
iation analyses. Categorical variables were compared using the Chi
square test while continuous variables were analyzed via Student t
test. One-way ANOVA test was used to determine if there are any statis-
tically significant differences between themeans of three ormore inde-
pendent (unrelated) groups. Logistic regression analysis was used to
evaluate factors predictive of spontaneous stonepassage. Receiver oper-
ating characteristic (ROC) curveswere plotted to determine the optimal
cut-off value for stone size of spontaneous passage. A p value of b0.05 or
95% confidence interval excluding 1 was considered statistically signifi-
cant in all comparisons.

2. Results

A total of 70 patients (38 males, 32 females) with a median age of
4.7 years (0.2–17 years)met inclusion criteria. Family history of urolith-
iasis (1st or 2nd degree relatives) was present in 47 (67.1%). The most
common initial symptoms were hematuria (72.9%) and abdominal/
flank pain (55.7%). Of the 51 patients who reported hematuria, it was
gross in 31.4% and microscopic in 68.6%. US was capable of diagnosing
the ureteric stone in 47 patients (67.1%) while CT was needed in 23
(32.9%). Stone location was distal ureter in 53 (75.7%), mid ureter in 5
(7.2%) and proximal ureter in 12 (17.1%). Median stone size was
7.0 mm (3–10 mm). In terms of laterality, 37 (52.8%) patients had left
sided stones, 30 (42.9%) had right sided and 3 (4.3%) had bilateral single
ureteric stones. Stone analysiswas available for 22 patients (calciumox-
alate in 17, cystine in 4 and uric acid in 1). Table 1 summarizes demo-
graphic characteristics of patients.

Spontaneous stone passagewithin 2–4weeks occurred in 40 (57.1%)
patients in the whole cohort, 20 males and 20 females. Further, median
time for stone passage was 8 days (3–34 days). Mean stone size in the
spontaneously passed group was 5.19 ± 1.59 mm compared with
8.90 ± 1.27 mm in the negative spontaneous passage group
(p b 0.001). Hydronephrosis was present in 29 (52.7%) patients in the
spontaneous passage group while no hydronephrosis was present in
26 (47.3%) patients in the no spontaneous passage group (p = 0.239).
There was no statistically significant difference (p = 0.472) between
groups with respect to presence of additional kidney stones on the
same side (25 patients, 61% in the spontaneous passage group vs. 16 pa-
tients, 39% in the failed spontaneous passage group).
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Using the enter method, the logistic regression analysis with “Spon-
taneous stone passage” as the dependent and hydronephrosis (no/yes),
concomitant ipsilateral kidney stone (no/yes), stone location (middle or
proximal/distal), presence of hematuria (no/yes), gender (female/
male), and stone size (mm) as independent variables, the model dem-
onstrated an Cox and Snell R2 of 67.1% and an overall percentage of
94.3% in predicting spontaneous stone passage. Presence of hematuria
(macroscopic and microscopic combined) and stone size were the sig-
nificant predictor variables with p values 0.048 and 0.008, respectively
(Table 2).

According to the ROC analysis, the most sensitive and specific stone
size predicting spontaneous passage was 6.7 mm (area under the
curve = 0.953; 95% CI 0.905–1.000; sensitivity 96.7%, specificity 82.5%,
p b 0.001) (Fig. 1). Patients with stones N6.7 mm in diameter had a
stone passage proportion of 17.5% (n= 7), whereas those with smaller
stones had a passage ratio of 82.5% (n= 33). The difference was signif-
icant at the 0.01 level (chi-square = 45.802, p b 0.001).

3. Discussion

The incidence of ureteric stones in adultmales is about 12% and 6% in
adult females [15]. Pediatric incidence in children is relatively low;
however recurrence rates are higher than adults [16,17]. Prior work
has demonstrated that 73–87% of stones of any size and 54–67% of
stones 5–10mm can undergo spontaneous passagewithout pharmaco-
logical treatment [11,12]. Mokhless et al. reported the natural course of
distal ureteric stones in 72 pediatric patients and observed that 75% of
stones ≤6 mm undergo spontaneous passage [8]. Interestingly, after
6 weeks of follow-up, 68% of stones 4–6 mm in size were passed spon-
taneously while just 10% of stones 6–8 mm passed spontaneously. In
adults, 80–90% of stones b5 mm and 61–63% of stones 5–10 mm pass
spontaneously within 4 weeks [15,18]. The present study shows that
57.1% of pediatric patients spontaneously passed their stones with a
mean size of 5.19 ± 1.59 mm. Additionally, ROC analysis suggests that
using a size cutoff of 6.7 mm can identify which patients will need sur-
gery andwho can likely undergo successful spontaneous passage. This is
in concordance with previously published series, supporting conserva-
tive treatment and the opportunity for spontaneous passage in children
with ureteral stones b7 mm [9,18]. Of note, many studies regarding
spontaneous passage of ureteric stones have investigated distal ureteric
stones however; we studied mid and proximal ureteric stones in addi-
tion to distal ones.

The information provided in the present study allows for further ev-
idence for selecting which clinically stable patients may be best suited
for a trial of spontaneous passage. Conservative treatment for pediatric
ureterolithiasis eliminates the risk of intervention related complica-
tions, which is not insignificant. A complication rate of 8.4% has been re-
ported for ureteroscopic stone treatment in children, including ureteral
perforation requiring ureteroneocystostomy [19].

Numerous studies have investigated predictive factors for spontane-
ous passage of ureteral stones (stone location, stone size, hydronephrosis,
Table 2
Multivariate logistic regression analysis for factors to predict spontaneous stone passage.

95% CI for EXP(B)

B Wald p Exp
(B)

Lower Upper

Presence of
hydronephrosis

-1265 0.028 0.866 0.282 0.000 686,947.581

Additional kidney stone 0.776 0.369 0.543 2172 0.178 26.530
Stone location 2065 2200 0.138 7884 0.515 120.710
Presence of hematuria 4200 3925 0.048 66.664 1046 4,248.005
Gender 1638 1158 0.282 5145 0.260 101.669
Stone size (mm) -3337 6938 0.008 0.036 0.003 0.426

CI: Confidence interval.
age and gender), withmixed results [6,8,9,21]. A retrospective analysis of
113 adult patients found that spontaneous passage was more frequent
with distal ureteric stones (62% for stones 5–10mm) [21]. Another report
of 656 adult patients concluded that distal ureteric stones b6mmhad sta-
tistically significant increased spontaneous passage rate over larger stones
[9]. A similar study in children revealed that distal ureteric stones b4mm
in size had a high likelihood of spontaneously passage, and neither age,
nor gender, nor hydronephrosis were associated with the likelihood of
spontaneous passage [8]. The present study agrees and suggests that
stone size and presence of hematuria are predictive of spontaneous pas-
sage. Additionally, the current study did not find an association between
stone location and passage rates, however, the small numbers of patients
in each group likely underpowered this study's ability to identify any ef-
fect of stone location of spontaneous passage rates.

An alternative to watchful waiting is MET where alpha-adrenergic
antagonists are commonly used to relax the ureter and facilitate stone
movement. There have been 3 recent systemic reviews and meta-
analysis regarding the use of MET [13,22,23], which state there is a
lack of high-quality evidence that MET is beneficial in terms of stone
passage in children, albeit with few side effects. However, appropriate
dosage forms for children in many countries are not available, thus its
use in clinical practice may be limited.

The current study shows that 67.1% of patients had ureteric stones
diagnosed using US alone. This modality was also used for follow
these patients. Initial diagnostic work-up for children with suspected
urolithiasis is urinary US with 70% sensitivity and 100% specificity [2].
While CT scan is the gold standard, its use has increased globally in par-
allel with the increased incidence of pediatric urolithiasis [24]. US re-
mains a valuable option for pediatric patients with a smaller body
surface and less subcutaneous fat than adults. The current study demon-
strates that US is useful for not only diagnosis but also follow-up of pe-
diatric stone patients, minimizing radiation exposure. Thus, the ALARA
(as low as reasonably achievable) principle can still be achieved with
good success.

Limitations of the study include those of a retrospective study such
as lack of a control group, no randomization, use of different imaging
modalities and possible selection bias during initial admission. Addi-
tionally, this study was done in an area of the world with a very high
stone prevalence and may not be generalizable to other countries. On
the other hand, the study presents better representation of population
since the clinics were in children's hospitals where a huge proportion
of patients are admitted primarily rather than referred.
4. Conclusion

The present study identifies that stone size and presence of hematu-
ria are predictive of spontaneous passage of ureteric stones in
2–4 weeks in pediatric patients. Patients with a ureteric stone size
b6.7 mm can be followed conservatively with a high rate of spontane-
ous passage. US appears to be a useful tool for following these patients.
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Fig. 1. Receiver operating characteristic (ROC) curve of the relationship between specificity and sensitivity for stone size of spontaneous passage.
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