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Abstract Objective: To study the natural history of stone passage in children with
ureterolithiasis and to define factors predictive of spontaneous passage.

Patients and methods: In all, 72 children with ureteric stones were evaluated;
patients with ureteric calculi of >10 mm were excluded, as were those with absolute
indications for surgical stone removal. Stone size, location, side, presence of hydro-
nephrosis, perinephric stranding and degree of the tissue-rim sign were estimated by
unenhanced helical computed tomography (UHCT). All patients were sent home
with no administration of an a-blocker. The stone status was evaluated by a plain
abdominal film or CT at �6 weeks after the initial diagnostic evaluation. The time
from the initial complaint to the passage of the stone was recorded for each patient.

Results: In all, 54 (75%) children with ureteric stones of 66 mm eventually passed
their stones spontaneously. However, stones of <4 mm and those in the distal ureter
had a significantly higher spontaneous passage rate and shorter time to stone pas-
sage (P < 0.05). The UHCT findings of a higher degree of the tissue-rim sign, hydro-
nephrosis and perinephric fat stranding were associated with a lower likelihood of
stone passage.
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Conclusions: The rate of spontaneous passage of ureteric stones in children varies
with stone location, and perinephric stranding on UHCT seems to be useful for pre-
dicting the possibility of spontaneous passage. In cases with unfavourable signs an
early intervention might have better outcomes than conservative therapy.

ª 2012 Arab Association of Urology. Production and hosting by Elsevier B.V.
All rights reserved.
Introduction

The efficient treatment of ureteric calculi in children has
generally been considered as challenging. Although
there are many procedures for treating ureteric stones
some patients pass stones with no intervention [1]. The
widespread availability of ESWL and ureteroscopy has
expanded the indications for interventions to treat ure-
teric calculi [2], but these procedures are not without
risk, inconvenience and expense.

Factors such as calculus location and size, the degree
of hydronephrosis and pain, and perinephric stranding
have been shown to provide general predictions of the
probability and duration of passage [3,4]. These charac-
teristics allow the urologist to provide the patient with a
general prediction of the outcomes.

Previous similar studies focused on the effect of stone
size and location on the natural history of ureteric stone
passage, but in the presence of several confounding fac-
tors, e.g. hydronephrosis, peri-ureteric oedema and
stone impaction, an accurate estimate of the fate of cal-
culi is difficult to obtain.

In general, stones of <5 mm have a spontaneous pas-
sage rate of 50–95%, especially if they are in the distal
ureter. However, stones of 5–10 mm have a spontaneous
passage rate of 10–50% depending on the portion of the
ureter in which they are located [5].

Coll et al. [3] suggested that the rate of spontaneous
passage of a stone is related to its position in the ureter,
with 75% in the distal, 60% in the middle and 50% in
the proximal ureter. Of children with a stone in the ure-
ter, 25–50% might need a surgical procedure, for which
ureteroscopy is an excellent method [6].

Unenhanced helical CT (UHCT) is now used almost
exclusively for the diagnosis and treatment of patients
with acute ureterolithiasis [7]. CT can show almost all
stones regardless of composition, including uric acid
stones that are typically radiolucent on radiography. Gi-
ven the important role of UHCT in the diagnosis and
treatment of children with acute ureterolithiasis, it is
important to determine the relationship of spontaneous
passage of ureteric calculi and imaging findings.

The parents’ and physician’s decision for intervention
is influenced by many factors, including the likelihood
and time to stone passage, pain and narcotic require-
ments, family commitments and preference. We con-
ducted a prospective study to determine the natural
history of stone passage in children with ureterolithiasis
and to define factors predictive of spontaneous passage.
Patients and methods

Between April 2007 and December 2010, 72 children with
ureteric stones were evaluated for spontaneous passage of
their stones in a prospective study. The inclusion criteria
were age<18 years and flank pain with or without micro-
haematuria (>3 red blood cells per high-power field). Ex-
cluded were those aged>18 years, or with any underlying
anatomical abnormality of the urinary tract, and patients
with absolute indications for surgical stone removal
(which included infection, severe obstruction, renal
impairment and uncontrollable pain). Patients with ure-
teric calculi of >10 mm were also excluded due to the sig-
nificantly lower chance of spontaneous stone passage.

Diagnosis

Ureterolithiasis was diagnosed only if there was
unequivocal evidence on UHCT. Distal ureteric stones
were defined as those below the sacroiliac joints, and im-
pacted stones were defined as calculi remaining in the
same position for >2 months. The stone size reported
was the dimension perpendicular to the long axis of
the ureter.

The duration of impaction was determined by patient
history and/or previous radiographs. The stone size,
location, side, presence of hydronephrosis, perinephric
stranding and degree of tissue rim sign (TRS) were esti-
mated by UHCT. Clinical data included patient gender
and age, stone size, location and impaction, and the
interval to stone passage.

UHCT for predicting stone passage

To assess the role of the UHCT in predicting the clear-
ance of ureteric stones, the presence of the TRS, peri-
nephric-fat stranding and hydronephrosis were
evaluated. A positive TRS [8] was defined as annular
soft-tissue attenuation (20–40 Hounsfield units) caused
by an oedematous ureteric wall surrounding the stone
(Fig. 1) and it was graded as I (absent or soft-tissue
attenuation diameter <2 mm) or II (soft-tissue attenua-
tion diameter P2 mm). The perinephric fat stranding [8]
was defined as linear areas of soft-tissue attenuation in
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the perinephric space (Fig. 2) and was graded as I (ab-
sent or a few thin strands) and II (many thick strands).
Hydronephrosis [9] was graded as I (absent or promi-
nence of the intrarenal pelvis or mild dilatation of the
ureter) or II (moderate to marked dilatation of the renal
calyces or the ureter).

Follow-up

All patients were sent home with no administration of
an a-blocker, and were assessed every 2 weeks until
spontaneous stone passage or intervention. The follow-
up consisted of a genitourinary history with the empha-
Figure 1 An axial image of UHCT of a 14-year-old girl, showing

a TRS.

Figure 2 An axial image of UHCT showing perinephric

stranding.
sis on pain, narcotic requirements, stone passage or
recovery, physical examination and urine analysis. Pa-
tients were assessed by plain radiography at every visit.
The interval to stone passage was estimated for each pa-
tient. The stone status was evaluated by a plain abdom-
inal film or CT at �6 weeks after the initial stone
episode. The time from the initial episode of colic to
the incidence of stone passage was recorded for each pa-
tient. The time for spontaneous passage was defined as
the day the patient reported the passage of a stone
and the report was confirmed by absence of the radio-
opaque calculi shadow on the plain film.

If after a 6-week follow-up the stone failed to pass
spontaneously, pain was uncontrolled by therapy, fever
appeared, or severe hydronephrosis occurred, a decision
of active intervention was taken.

Statistical analysis

To assess the value of stone characteristics and the sec-
ondary signs on UHCT in the prediction of stone pas-
sage, the chi-square test and Fisher’s exact tests were
used, with P < 0.05 considered to indicate statistical sig-
nificance. Multivariate logistic regression analysis of
these predictors was then used to identify the most sta-
tistically significant predictors of stone passage.

Results

Themean (range) age of the 72 patients was 7 (4–16) years
and there were 44 boys and 28 girls. Thirty-nine stones
were in the right ureter and 33 in the left; themean (range)
stone diameter was 4.26(2–10) mm.

In all, 54 patients (75%) passed their stones during the
follow-up period, and children who did not pass their
stone were treated by ureteroscopic stone removal. All
of the stones were radio-opaque. Age, gender and stone
laterality had no significant effect on the stone passage
rate.

The relationship of stone size (in 2-mm increments) to
the frequency of spontaneous passage and time to stone
passage is shown in Table 1. The number of stones of
each size is also indicated. The overall frequency of
spontaneous passage for stones of 1–4 mm in diameter
was 95%. This was associated with shorter interval to
stone passage among this group. These differences were
statistically significant (P < 0.05).

Table 1 also shows the relationship of stone location
to the overall frequency of spontaneous passage. These
differences in overall frequency were statistically signifi-
cant for stones in the distal ureter (P < 0.05), which also
had a statistically significantly shorter interval to stone
passage than mid-ureteric and proximal stones.

The secondary signs on UHCT were assessed in rela-
tion to stone passage at the end of the follow-up period.
The degree of the TRS, perinephric-fat stranding and
hydronephrosis tended to be more severe in patients



Table 1 Spontaneous passage frequency and average time to

stone passage as a function of stone size and location.

Stone No. of

stones

Stone

passed

Passage

frequency (%)a
Mean time to

passage (days)

Size (mm)

1–2 14 14 100 12

>2–4 24 22 92 18

>4–6 28 18 68 35

>6–8 4 0 0

>8–10 2 0 0

Ureteric location

Proximal 22 10 45 32

Mid 17 12 70 21

Distal 33 32 94 19

a Chi-square test, P < 0.05.

Table 2 The effect of the secondary signs of UHCT on stone

passage.

UHCT findings/stone passage Grade

I II Pa

TRS

Stone passed 48 6 <0.001

No passage 4 14

Perinephric fat stranding

Stone passed 52 2 <0.001

No passage 3 15

Hydronephrosis

Stone passed 34 20 0.005

No passage 5 13

a Chi-square and Fisher’s exact tests.
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who failed to show progress in stone passage, and were
significantly more severe in children who needed surgical
intervention than in those who passed their stone spon-
taneously (Table 2).

The factors affecting stone passage were entered in a
stepwise logistic regression model to find the most signif-
icant factor affecting stone passage; the model showed
significance (model chi-square P < 0.001). Of the fac-
tors assessed in the model (age, gender, stone size, stone
location, TRS grade, perinephric-stranding grade,
hydronephrosis grade) only two were significant for
Table 3 Multivariate logistic regression analysis of the predictors o

Factor assessed B Wald

Stone size 0.85 1.05

Patient age 0.19 0.42

Gender 1.51 0.63

Location 3.57 5.43

TRS 2.39 1.96

Perinephric stranding 6.09 6.84

Hydronephrosis 1.54 0.60

Constant �18.73 5.40
stone passage, i.e. perinephric stranding grade and stone
location (adjusted odds ratio 39.8 and 35.5, respec-
tively). The other factors were contributory risk factors
to stone passage but were not significant (Table 3).

Discussion

For urologists managing patients with ureteric stones
the uncertainties about how long (if at all) it will take
for a stone to pass spontaneously is a common concern.
The present study attempted to answer this question by
raising awareness that secondary signs on UHCT can be
used to predict the spontaneous passage of ureteric
stones in children.

Treatment options for ureteric stones in children in-
clude conservative measures, e.g. ESWL and uretero-
scopic stone extraction [10]. The critical decision in the
management of children with ureteric stone, in the ab-
sence of absolute indications for immediate stone re-
moval, is how long to wait for the stone to pass
spontaneously before surgical intervention.

Although guidelines have already standardised the
treatment of adults with stones there is still no consensus
on the natural history and management of paediatric
urolithiasis. It has long been appreciated that children
can pass relatively large stones, compared to those in
adults [11], but published data do not include many re-
sults on children. To assist parents in making an in-
formed decision about intervention vs. observation,
the likelihood of success and the interval to passage of
observed ureteric calculi were evaluated.

UHCT is a well-established procedure for diagnosing
urolithiasis, with a high sensitivity and specificity [12].
Due to the high stone recurrence rate in children, those
with stones might have many CT sessions in childhood,
with frequent exposure to radiation, although recently
developed CT protocols might further reduce the expo-
sure to radiation [13]. However, the radiation dose and
the extent of information about renal function must be
considered when using UHCT in children.

In the present study every attempt was made to allow
patients to pass ureteric stones spontaneously. Each
patient was followed every 2 weeks or as needed, until
passage or intervention. Observation was encouraged
and the mean interval before intervention was 26 days.
f stone passage.

Significance Adjusted odds ratio (95% CI)

0.306 2.33 (0.461–11.79)

0.517 1.21 (0.684–2.127)

0.428 4.53 (0.108–19.50)

0.020 35.5 (1.761–71.37)

0.161 11.0 (0.385–31.09)

0.009 39.8 (4.59–143.6)

0.439 4.65 (0.004–10.56)

0.020 <0.001
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These values reflect parent desire, failure to progress and
pain, with none of these patients having renal impair-
ment. If some of these patients had been followed fur-
ther they might have passed stones spontaneously.

Reported spontaneous passage rates for ureteric
stones vary widely. Several large series assessing ureteric
calculi have determined the probability of spontaneous
stone passage. In a series of 378 ureteric calculi, Morse
and Resnick [14] noted a 60% spontaneous passage rate,
including 71% of distal stones and 78% of stones of
63 mm.

Hubner et al. [15] combined two studies with four
others in a literature review, and reported a rate of spon-
taneous passage of 56.9% for ureteric stones of <4 mm
vs. 8.3% for those >6 mm, irrespective of ureteric posi-
tion at presentation. After this review and the evaluation
of their last 100 patients they also believed that interven-
tion should be considered when symptoms are present
for 4 weeks, because stone passage is unlikely after that
time.

There is total agreement that stone size is the most
important factor for predicting the spontaneous passage
of calculi [16]. However, this does not seem to be dis-
criminative enough when calculi are of mid-size. At this
stage the urologist needs more information to make a
valid clinical decision, but there is no clear result as to
which factor should be considered first and what are
the important interactions between all the factors [17].

Since Smith et al. [8] first reported the use of UHCT
in patients with ureteric stones the value of secondary
signs associated with ureteric stones, e.g. hydronephro-
sis, unilateral renal enlargement, perinephric oedema,
unilateral absence of the white pyramid, hydroureter,
peri-ureteric oedema, and lateroconal fascial thickening,
have been well established.

Ege et al. [9] reported that the detection of secondary
signs on UHCT allowed a prediction of the clinical out-
come. They suggested that five or more secondary signs
of obstruction are likely to be associated with the need
for endoscopic removal and/or lithotripsy. Song et al.
[18] studied whether secondary signs on UHCT could
predict the spontaneous passage of ureteric calculi,
and they concluded that the degree of hydronephrosis
and perinephric oedema were useful ancillary signs in
predicting the likelihood of spontaneous passage.

Multivariate analysis showed that patient gender, age,
stone size, TRS and degree of hydronephrosis were unre-
lated to stone passage. Together, stone location and per-
inephric stranding grade were statistically related to stone
passage (P = 0.001). Stones that were distal and not
associated with perinephric stranding were more likely
to pass spontaneously and require fewer interventions.

The present study has the advantage of analysing the
effect on stone passage of secondary signs associated
with ureteric stones on UHCT. The increased degree
of TRS and hydronephrosis were useful for anticipating
the failure of spontaneous passage and the need for ac-
tive intervention.

There are some potential limitations of the present
study. The grading system used for secondary signs of
obstruction as determined by UHCT is not a standard-
ized system, and there were relatively few patients in the
study. Despite these limitations, this study raises aware-
ness that the secondary signs on UHCT can be used to
predict the spontaneous passage of ureteric stones in
children. Therefore, even in small distal ureteric stones
of <5 mm, if secondary signs such as high degree of
TRS and hydronephrosis are identified on UHCT, early
intervention seems to be better than prolonged conser-
vative management, to avoid the potential risk of UTI
or deterioration of renal function.

In conclusion, the rate of spontaneous passage of ure-
teric stones in children is variable, with stone location
and secondary signs on UHCT, especially perinephric
stranding, seem to be useful in predicting the possibility
of spontaneous passage. In those cases with unfavour-
able signs, early intervention might have better out-
comes than conservative therapy.
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