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INTRODUCTION

Some types of paediatric ureteral surgery (e.g. for the treatment of ureteropelvic junction syndrome or vesico-ureteral reflux) require the implantation of a ureteral stent (e.g. a double J catheter). If the length of the double J catheter does not match the length of the ureter, adverse events may occur. An excessively short double J catheter may migrate to one end or the other of the ureter [START_REF] Chin | Retrieval of proximally migrated ureteral stents[END_REF][START_REF] Slaton | Proximal ureteral stent migration: an avoidable complication?[END_REF][START_REF] Giannarini | Predictors of morbidity in patients with indwelling ureteric stents: results of a prospective study using the validated Ureteric Stent Symptoms Questionnaire[END_REF]. In contrast, an excessively long catheter may be associated with morbidities such as urgency, pollakiuria, dysuria, infection or haematuria [START_REF] Duvdevani | Minimizing symptoms in patients with ureteric stents[END_REF][START_REF] Joshi | Indwelling ureteral stents: evaluation of symptoms, quality of life and utility[END_REF][START_REF] Ho | Choosing the ideal length of a double-pigtail ureteral stent according to body height: study based on a Chinese population[END_REF]. The choice of the double J catheter's length mostly depends on the surgeon's experience and the child's height. Thus, it is important to estimate the child's UL before choosing the double J catheter. Unfortunately, reliable data on the UL as a function of a child's age are scarce [START_REF] Palmer | Determining the proper stent length to use in children: age plus 10[END_REF]. The primary objective of the present study was therefore to determine the UL in children (using computed tomography, CT) as a function of age. The secondary objective was to calculate a new equation for predicting the UL and thus the optimal length of the ureteral stent.

MATERIALS AND METHODS

The retrospective, single-centre study was approved by the local independent ethics committee at Amiens University Hospital (reference: TB/LR/2016-36, August 26 th , 2016). We included children aged from 0 to 16 years having undergone a contrast-enhanced CT scan of the abdomen and pelvis. The French "common classification of medical procedures" (CCAM) was used to extract the codes for a CT scan (ZCQH001 and ZCQH002) in children (0-16 years) having undergone a contrast-enhanced CT scan of the abdomen and pelvis. Children with abdominal mass syndrome, severe scoliosis or malformations of upper urinary tract (e.g. megaureter and pyeloureteral junction syndrome) were excluded. A total of 167 CT scans were performed between 2007 and 2015. Ten CTs were included in each one-year age class, with the exception of the 0 to 1 year class (n=7 scan, due to a lack of patients). In all age groups over the age of 7, we selected as many girls as boys. In the youngest age groups, we were unable to find enough datasets for girls. Accordingly, there were more boys than girls in the study population.

The ULs on the right and left were measured by 3D reconstruction of each ureter between the ureteropelvic and ureterovesical junctions. Around ten points were placed along the path of the ureter on an axial slice. The UL (in cm) was defined by measuring the distances between these points (Figure 1). All CT scans of the abdomen and pelvis were performed on a 16-detector CT scanner (Lightspeed 16, GE Healthcare, Milwaukee, WI, USA) with a tube voltage of 80-100 kVp, a tube current of 100-300 mA (the current varied during the acquisition and according to the child's bodyweight), collimation of 16 × 1.25 mm, a gantry rotation time of 500 ms, and pitch of 1.375:1. When required, 2 mL/kg of iomeprol (Iomeron 350, Bracco, Milan, Italy) or iodixanol (Visipaque 270, GE Healthcare) was injected into a peripheral arm vein at a flow rate of 1.0-2.0 mL/s. Images were reviewed on a dedicated CT analysis workstation (Advantage Workstation, ADW 4.6, GE Healthcare).

The UL was evaluated by two independent operators (a senior radiologist and a resident in urology) who were accustomed to interpreting CT images of the urinary tract. The interobserver reproducibility was assessed for the first 35 CT scans analysed, regardless of the child's age. The mean ± standard deviation UL and the mean annual increase in UL were calculated for each one-year age class. A paired Student's t-test was used to compare the ULs in each age group and for each sex. The right and left ureters were modelled by positioning 10 points on an axial slice of the CT image. By connecting the points, it was possible to reconstruct the ureter and thus determine its length.

RESULTS

A total of 167 children were included in the study (107 boys and 60 girls; sex ratio: 1.78). The main indications for contrast-enhanced CT imaging of the abdomen and pelvis were abdominal pain (45.5%) and abdominal trauma due to road accidents or falls (34.7%).

For the first 35 CT scans, the intraclass correlation coefficient [95% confidence interval] for interobserver reproducibility was 0.97 [0.94-0.99] -showing that the measurement method was reproducible. The UL by age is represented in Figure 2, and the mean UL by one-year age class is shown in Figure 3 and Table 1. Before the age of 12 months, the estimated ULs on the right and left were 9.9 and 9.7 cm, respectively. At the age of 7 years, the UL had doubled to about 20 cm. At the end of the growth phase (16 years of age), the estimated ULs on the right and left were 26.5 and 27.5 cm, respectively. In all age groups, the UL on the left was longer (by 0.88 cm, on average) than the UL on the right. Moreover, the two sexes did not differ with regard to the UL on the left or on the right (p>0.2). The mean annual increase in the UL was 1.05 cm on the right and 1.61 cm on the left. On the basis of our data, the UL can be estimated precisely by applying the following equation: UL (in cm) = 0.984 x age (in years) + 11.8.

The relationship between age and UL is shown in Table 1, along with suggested length for the double J catheter. 

DISCUSSION

The UL has been accurately characterized in adults [START_REF] Barrett | Best Stent Length Predicted by Simple CT Measurement Rather than Patient Height[END_REF] [START_REF] Shrewsberry | A +20% adjustment in the computed tomography measured ureteral length is an accurate predictor of true ureteral length before ureteral stent placement[END_REF][START_REF] Kawahara | Which is the best method to estimate the actual ureteral length in patients undergoing ureteral stent placement?[END_REF]. According to Shrewsberry et al. [START_REF] Shrewsberry | A +20% adjustment in the computed tomography measured ureteral length is an accurate predictor of true ureteral length before ureteral stent placement[END_REF], the true UL is equal to the distance between the ureteropelvic and ureterovesical junctions (measured on axial slices) plus 20%.

The present study is the first to have directly measured the UL by 3D reconstruction of the ureter's path between the ureteropelvic and ureterovesical junctions in children. The ULs were measured by 3D reconstruction of each ureter between the ureteropelvic and ureterovesical junctions. Around ten points were placed along the ureter's path on an axial slice. The UL (in cm) was defined by measuring the distances between these points. This enabled us to determine the UL as a function of a child's age, and thus the growth in the UL from birth to adulthood.

The mean UL increased from 10 cm at birth to 27 cm at the age of 16; this equates to an annual increase of 1.05 cm on the right and 1.61 cm on the left one. There were no significant differences between the sexes. The growth in the UL was relatively linear with age. Indeed, the UL can be estimated precisely by applying the following equation: UL (in cm) =0.984 x age (in years) + 11.8. After the age of 12 months, this relationship can be simplified to the child's age + 12 cm. Unfortunately, a lack of height data prevented us from assessing the relationship between the latter parameter and UL. Although it has been shown that UL is not proportional to height in adults [START_REF] Shah | Height does not predict ureteric length[END_REF][START_REF] Paick | Direct ureteric length measurement from intravenous pyelography: does height represent ureteric length?[END_REF], there are no data on this relationship in children. As the confidence interval broadens with age, our results should be interpreted with caution in populations at the upper and lower limits of the growth curve (i.e. below the 5 th percentile or above the 95 th percentile).

Our study's primary objective was to determine the length of healthy ureters as a function of the child's age, with a view to selecting the most appropriate length of double J catheter. The present data should make it easier to define the catheter length, provided that (i) the child does not have a growth defect, and (ii) an intraoperative check is performed. There are many benefits to predicting the appropriate catheter length: the avoidance of migration and poor tolerance, a shorter operating time, and less exposure to ionizing radiation during preoperative checks if an inappropriate catheter needs to be changed.

The appropriate double J catheter length in children has also been estimated in a retrospective study [START_REF] Palmer | Determining the proper stent length to use in children: age plus 10[END_REF]. The distance between the ureterovesical and ureteropelvic junctions was estimated intraoperatively using fluoroscopy or ultrasound. The relationship between the length of the double J catheter and the child's age was summarized as catheter length = age + 10 cm [START_REF] Palmer | Determining the proper stent length to use in children: age plus 10[END_REF].

Palmer et al.'s equation would underestimate the length of the double J catheter, relative to our present results: we consider that age + 12 cm is more appropriate. Indeed, our data suggest that the age-appropriate length of the double J catheter is 10 cm up to the age of 12 months, 14 cm at 1 and 2 years of age, 16 cm at 3 and 4 years, 18 cm at 5 and 6 years, 20 cm at 7 and 8 years, 22 cm at 9 and 10 years, 24 cm at 11 and 12 years, and 26 cm at 13 and above [START_REF] Palmer | Determining the proper stent length to use in children: age plus 10[END_REF]. For an 8year-old child, for example, we would select a 20 cm double J catheter (versus 18 cm using Palmer et al.'s equation). Our findings might help surgeons to avoid determining the appropriate double J catheter empirically -thus improving the effectiveness, safety, and tolerability of ureteral surgery. The final choice of stent length is decided during the latter's placement.

However, this procedure is sometimes technically demanding in children, and especially in very young children. The preliminary choice of an appropriate stent length for a given patient may help to shorten the operating time and reduce the dose of ionizing radiation. However, the surgeon must always check preoperatively that the calculated length is appropriate for the patient. To confirm our results, the stent size suggested here should be evaluated in routine practice.

CONCLUSION

A CT-based technique for measuring UL in children is reproducible and reliable. Our results provided an estimate of UL as a function of a child's age (in a Western population), which should facilitate the choice of an appropriate stent in cases of ureter surgery. We did not
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 1 Figure 1 : 3D reconstruction of the ureters.
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 23 Figure 2: Ureteral length as a function of the child's age

Table 1 : UL (in cm) per one-year age class, and our suggested length for the double J catheter.
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	Age (years)	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16
	Left UL	9.9 14.1 15.1 16.6 17.6 19.7 19.1 21.1 21.1 22.4 22.7 24.7 25.3 26.4 28.1 26.8 27.5
	(cm)																	
	Right UL	9.7 13.6 14.2 15.7 17.2 18.8 18.2 20.1 20.4 21.8 21.3 24.1 24.5 25.2 26.4 25.6 25.6
	(cm)																	
	Mean UL (cm)	9.8 13.9 14.7 16.2 17.4 19.3 18.6 20.6 20.7 22.1 22.0 24.4 24.9 25.8 27.3 26.2 27.0
	SD (cm)	2.4	0.9	1.0	2.0	1.2	1.7	1.2	1.7	1.8	2.0	2.1	1.4	1.7	1.1	1.4	2.0	3.0
	Suggested																	
	catheter	10	14		16		18		20		22		24		26		26-28	
	length																	

SUMMARY INTRODUCTION:

Although ureteral length (UL) is highly variable in children, reliable data on this topic are scarce. During urinary tract surgery, the use of an inappropriately dimensioned ureteral stent is associated with adverse effects. We sought to evaluate UL as a function of the child's age, using contrast-enhanced computed tomography (CT) of the abdomen and pelvis, and to calculate a new equation for predicting UL (and thus the optimal length of ureteral stents) in children.

MATERIAL AND METHODS:

A retrospective, single-centre study of children (aged under 16) free of abdominal mass syndrome and severe scoliosis. Following three-dimensional reconstruction of the CT data, the ureter was measured between the ureteropelvic junction and ureterovesical junction by two observers. The lengths of the right and left ureters were analyzed by age, with at least 10 CT measurements per age class.

RESULTS:

The mean ULs on the right and left were respectively 9.7 and 9.91 cm before the age of 1 year, 20.10 and 21.08 cm at the age of 7, and 26.55 and 27.46 cm at the age of 16. The interobserver reproducibility of UL determination was high (intraclass correlation coefficient [95% confidence interval]: 0.97 [0.94-0.99]). On the basis of these results, the length of the double J catheter should be equal to the child's age + 12 cm (Table 1).

CONCLUSION:

Computed tomography measurement of the UL in healthy children is reproducible and reliable, and enabled us to estimate the UL by age group. This knowledge should facilitate the choice of the stent used in ureteral surgery. To confirm our results, the stent size suggested here should be evaluated in routine practice. Table 1 observed a sex difference. The relationship between the child's height and UL remains to be characterized.
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