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Abstract
To compare the role of primary and deferred ureteroscopy (URS) in the management of obstructive anuria secondary to 
ureteric urolithiasis in pediatric patients. This prospective randomized study included 120 children aged ≤ 12 years who 
presented with obstructive anuria secondary to ureteric urolithiasis between March 2019 and January 2021. The children 
were subdivided into group A, which included children who had undergone primary URS without pre-stenting, and group 
B, which included children who had undergone URS after ureteric stenting. All children were clinically compensated and 
sepsis-free. Patients with underlying urological structural abnormalities were excluded. The operative time, improvement 
of renal functions, stone-free rate, and complications were compared between the two groups. At the 1-month follow-up, 
urine analysis; kidney, ureter, and bladder radiography; and ultrasonography were performed. The patient characteristics of 
both groups did not show any significant difference. Primary URS had failed in ten children (16.6%) in group A. Moreover, 
failure   of stenting was noted in six patients (11%) in group B. The mean operative time for group B was significantly lower 
than that for group A (p ≤ 0.001). The stone-free rate was significantly higher in group B (p ≤ 0.001). The rate of overall 
complications was higher in group A. Deferred URS is preferable over primary URS in the management of obstructive anu-
ria secondary to ureteric urolithiasis”. In children because of the lower need for ureteric dilatation, higher stone- free rate, 
shorter procedure time, and lower complication rate.
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Introduction

The rate of urolithiasis in the pediatric population has been 
increasing daily and causes significant morbidity [1, 2]. 
Changes in nutritional habits, climate, and environmental 
factors are some of the possible reasons for the increasing 
incidence of urolithiasis in the pediatric population [3]. It 
may be complicated by obstructive anuria and acute renal 
injury (ARI). In this condition, urgent urinary drainage, 
using a percutaneous nephrostomy (PCN) tube or retrograde 
ureteric stenting, is the standard method of care [4, 5].

The hazards of anuria are related to electrolyte imbalance, 
particularly hyperkalemia, which leads to cardiac arrhythmia 
and sudden death. Thus, urgent intervention is required [6].

Ureteroscopic management of ureteral obstruction in chil-
dren was a challenge to the urologists, because relatively 
large instruments are used in smaller anatomy. However, 
with the improvement in techniques of lithotripsy and the 
development of small-diameter endoscopes, endoscopic 
management has become the main technique for treating 
urinary stones in children [7, 8].

Secondary ureteroscopy (URS), after initial ureteric stent-
ing, is currently an emerging treatment for ureteric stones in 
children and adults. The resulting passive dilatation of the 
ureter facilitates URS and stone manipulation [9].

Primary URS for obstructive anuria secondary to ure-
teric urolithiasis is to do immediate URS, disintegration 
and extraction of the stone while deferred URS referred to 
delayed URS after initial ureteral stenting or percutaneous 
drainage of the Kidney.
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Obstructive anuria secondary to ureteric urolithiasis 
could be managed by primary or deferred URS. The stand-
ard management is deferred URS (initial ureteral stenting 
or percutaneous drainage). However, the development and 
improvement of the ureteroscopes and lithotripters favored 
primary URS [10].

This study aimed to evaluate the role of primary and 
deferred URS in the management of obstructive anuria sec-
ondary to ureteric urolithiasis in pediatric patients.

Patients and methods

This prospective randomized clinical study included 120 
children presenting with obstructive anuria secondary to ure-
teric urolithiasis at our institution between March 2019 and 
January 2021. The children were subdivided into two groups 
depending on the timing of URS: group A included chil-
dren who had undergone primary URS without pre-stenting, 
while group B included children who had undergone URS 
after ureteric stenting using a 4.8–6 Fr JJ stent. The study 
included children aged ≤12 years, clinically compensated, 
and sepsis-free. Children with underlying structural urologi-
cal abnormalities or who were clinically ill were excluded 
from the study. The data (patients’ age; sex; and stone later-
ality, and size) were collected after obtaining study approval 
from the ethics committee of our institution URO016-1-185. 
The study was registered with ClinicalTrials.gov (identi-
fier no. NCT04980079). Before endoscopic management, 
informed written consent was obtained from parents of all 
the children included in the study.

The size and level of obstructing stones and degree of 
obstruction were determined by abdominal ultrasonogra-
phy, plain urinary tract imaging, and non-contrast computed 
tomography. Postoperatively, the urine volume and serum 
creatinine and electrolyte levels were monitored daily until 
they returned to normal levels. All patients were observed 
for clinical and laboratory value improvement.

All URS procedures were performed under general anes-
thesia using a 6-Fr semi-rigid ureteroscope with parenteral 
antibiotics administered before the procedure. A holmium 
laser was used for lithotripsy under fluoroscopic guidance. 
All stones were fragmented using the laser until they became 
small enough (compared to the diameter of the guide wire 
or that of the ureteric lumen) to be removed with graspers or 
passed spontaneously. Complete stone clearance was defined 
as absence of stone fragments on endoscopic visualization 
and imaging, while clinically insignificant fragments were 
defined as stone fragments < mm. Deferred URS was per-
formed within 15 days of ureteral drainage using 4.8–6 Fr 
JJ stents or 6–8 Fr PCN tubes after the improvement of the 
renal function, and anuria was corrected.

The operative time, improvement of renal functions, 
stone-free rate, complications, and number of interventions 
to reach the stone-free status were compared between the 
two groups. At the 1-month follow-up, urine analysis; kid-
ney, ureter and bladder radiography for radiopaque stones; 
and abdominal ultrasonography were performed to assess 
the children for urinary tract infection (UTI), residual stone 
fragments, and renal back pressure.

Calculation of the sample size using a sample size cal-
culator software for 95% power of the study to detect a 
difference of 10% between the groups regarding SFR and 
overall complication indicated the need for 30 patients in 
each group. Statistical analysis was conducted using SPSS® 
version 21. The patient and stone criteria, procedure details, 
outcome, and complications of both the groups were com-
pared. The variables that affect preoperative and postopera-
tive conditions were compared using the Pearson chi-square 
or Student t test, as appropriate.  A p value of <0.05 was 
considered statistically significant.

Results

This study included 120 children with obstructive anuria 
secondary to ureteric urolithiasis who presented to our clin-
ics. They were divided into 2 groups. Group A (60 patients) 
underwent primary URS and group B (60 patients) under-
went deferred URS. The patient characteristics of both 
groups are presented in Table 1. There was no significant 
statistical difference between the two groups. Primary URS 
was conducted in 112 renal units (RU), while deferred URS 
was conducted in 108 RUs.

Primary URS failed in ten children (16.6%) in group A 
due to ureteral kinks. Four patients (solitary kidney, four 
RUSs) had proximal ureteric stones, while 6 patients (bilat-
eral obstruction, 12 RUSs) had tight ureters. All of these 
patients were managed by deferred URS after stent insertion. 
Moreover, stenting failed in 6 patients (11%, 12 RUSs) in 
group B due to undetectable ureteric orifices; so, we inserted 
a unilateral PCN tube in these children and planned for a 
secondary URS after the improvement of the renal function.

Term “tight ureter” has recently been reported in the lit-
erature. It describes a condition where the ureter does not 
respond to dilatation during URS, resulting in marked resist-
ance during advancement of the ureteroscope. Therefore, 
serious complications may occur during URS. Thus, passive 
dilatation of a tight ureter before URS is preferable [12].

Upward migration of stones occurred in three patients 
(5%, five RUSs) in group A and one patient (1.6%, two 
RUSs) in group B. All were managed by stenting and extra-
corporeal shock wave lithotripsy (ESWL). Six children in 
both groups had incomplete stone clearance (unilateral in 
each of them, 6 RUSs, 4% in group A and 2% in group B). 
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All were managed by stenting and subsequently subjected 
to another session of URS. They received anticholinergic 
treatment to reduce bladder spasm until the JJ stent was 
removed. The patient’s management plan and stone clear-
ance are shown in Fig. 1.

The mean operative time in group B was significantly 
lower than that in group A 30.1 ± 8.4 Vs. 62.3 ± 13.4 min 
(p ≤ 0.001). There was no significant difference in the num-
ber of patients with restored normal renal function within 
1-month follow-up (56 children in group A compared to 

54 children in group B, p ≤ 0.44) between the two groups. 
The stone-free rate was significantly higher in group B (p ≤ 
0.001) (Table 2 and Fig. 2).

The rate of overall complications was higher in group 
A, with no statistically significant difference between the 
two groups (p = 0.09). Complications were identified in 14 
patients in group A (16.6%) and 9 patients (10%) in group 
B. All complications are presented in Table 3. All complica-
tions were deemed minor (Clavien–Dindo I). Three patients 
in group A had mucosal injury or marked edema at the end 

Table 1   Characteristics of 
children with calcular anuria 
who underwent either primary 
or deferred ureteroscopy

Data are presented as mean ± SD
URS ureteroscopy
*Significant p value ≤ 0.05

Group A (primary 
URS)
N = 60

Group B (deferred 
URS)
N = 60

p value

Age (years) 6.93 ± 2.9 6.34 ± 3.4 0.35
Males, n (%) 36 (60) 40 (66.7) 0.62
Female, n (%) 24 (40) 20 (33.3)
Site of stones, n (%)
Proximal ureter 12 (20) 10 (16.7) 0.71
Middle ureter 14 (23.3) 18 (30)
Distal ureter 34 (56.7) 32 (53.3)
Laterality, n (%) 0.13
Single function kidney 8 (13.3) 12 (20)
Bilateral 52 (86.7) 48 (80)
Stone size (mm) 13.5 ± 5.3 14.2 ± 4.6 0.19
Creatinine level on presentation (mg/dL) 3.2 ± 1.09 3.4 ± 1.06 0.61

Fig. 1   Patient management 
algorithm. URS ureteroscopy; 
PCN percutaneous nephros-
tomy; ESWL extracorporeal 
shock wave lithotripsy; URU​ 
ureterorenal unit
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of the maneuver, with no statistically significant difference 
between the two groups for hematuria, febrile UTI, and post-
operative polyuria (Table 3 and Fig. 2).

Discussion

The management of pediatric urolithiasis is challenging, 
especially in the presence of anuria and ARI. The kidney is 
characterized by its ability to recover from almost complete 
loss of function. Most cases of ARI are reversible, albeit 
subclinical minimal defects in tubular and glomerular func-
tions [11].

Ureteral stenting or nephrostomy drainage is the stand-
ard treatment for obstructive anuria associated with ureteral-
stone obstruction. ESWL is not a method of choice in such 
cases because of obstruction and poor renal function that 
leads to poor stone fragmentation and even lower clearance 
rates [13].

Despite all the challenges involved, URS has now become 
a part of the endoscopic armamentarium of the pediatric 
urologist, even in children as young as 18 months [14]. 
Ureteral-stone migration and retrograde intrarenal disinte-
gration were prevented by improvement of URS skills and 
techniques, development of small-caliber ureteroscopes, and 
use of flexible ureteroscopes [15, 16].

Table 2   Patient outcomes

Data are presented as mean ± SD
URS ureteroscopy
*Highly significant p value ≤ 0.001

Group A (primary URS)
N = 60

Group B (deferred URS)
N = 60

p value

Mean operative time (min) 62.3 ± 13.4 min 30.1 ± 8.4 min 0.001*

Patients who achieved a normal creatinine level (1 month 
follow-up), n (%)

56 (93.3%) 54 (90%) 0.44

Period to normal creatinine level (days) 2.30 ± 0.73 2.26 ± 0.77 0.17
Stone free, n (%) 40 (66.6%) 50 (83.3%) 0.001*
Operative time of first procedure (ureteric stenting) – 14 ± 5 min

Fig. 2   Difference in study 
outcomes between primary and 
deferred URS

Table 3   Complications

URS ureteroscopy;  UTI urinary tract infection
*Significant p value ≤ 0.05
**Highly significant p value ≤ 0.001

Group A (pri-
mary URS)
N = 60

Group B 
(deferred 
URS)
N = 60

p value

Complications n (%)
 Stone migration 3 (5%) 1 (1.6%) 0.13
 Mucosal injury 3 (5%) 0 (0) 0.32
 Hematuria 4 (6.6%) 2 (3.3%) 0.62
 Febrile UTI 1 (1.6%) 3 (5%) 0.42
 Postoperative polyuria 3 (5%) 3 (5%) 1.0
 Total 14 (16.6%) 9 (10%) 0.09
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This study reported the management of obstructive anuria 
due to ureteric stones in children aged ˂12 years. In these 
patients, rapid urologic interventions may occur, by primary 
URS, PCN, or ureteric stent, to allow urinary drainage and 
prevent irreversible renal damage.

With regard to primary URS, routine dilatation of the 
ureteric orifice and the intramural part was performed, with 
gradual dilatation using ureteric dilators, which was found 
to be less traumatic compared to dilatation using a uretero-
scope. This concept is in agreement with the findings of 
Minevich et al., who reported that gradual dilatation using 
ureteric dilators was preferable and less traumatic than other 
methods [17].

The true incidence of vesicoureteric reflux (VUR) in 
children following URS after ureteric dilatation versus URS 
without dilatation remains unknown. Most studies revealed 
that post URS, VUR incidence is of low grade and resolves 
spontaneously [18].

Some authors reported that bilateral same-session URS is 
an effective and safe procedure in the management of bilat-
eral ureteric stones, but upper ureteric, large, and impacted 
stones carry the highest risk of unsuccessful results [19]. 
Previous studies reported that bilateral emergency same-
session URS is a good choice to reduce hospital stay, prevent 
multiple anesthesia, and decrease the costs for adult patients 
with obstructive anuria secondary to ureteric urolithiasis and 
ARI [19, 20]. Another study reported that bilateral emer-
gency same-session URS may be associated with a higher 
morbidity rate [21]. In the present study, same-session URS 
was performed in 42 patients in group A (84 RUSs). We 
reported failed primary URS in 10 children (16.6%, 8 RUS) 
in group A due to ureteric kinks in 4 patients with proximal 
ureteric stones and 6 patients with tight ureters, which were 
managed by JJ stenting and deferred URS.

In the present study, no children with secondary URS 
required any further dilatation, as the ureter was passively 
dilated with a ureteric stent. This may explain the better 
results in group B. Conversely, 90% of children (54/60) with 
primary URS (group A) required dilatation.

Although primary URS aims at attacking the stones with 
the least number of procedures, initial failure of primary 
URS (16.6%), incomplete stone clearance (6.6%), and post-
operative stenting increase the number of procedures being 
performed. Therefore, its advantage over secondary URS 
is lost.

In the present study, stone clearance was achieved in 
66.6%% and 83.3%% of the children (primary and second-
ary URS, respectively), which is comparable to the clearance 
rates of previous studies, ranging from 77 to 100% [17].

Our study showed that deferred URS (JJ stenting) had 
formed a part of definitive management of stones, with 83% 
complete stone clearance, shorter mean operative time (30 vs 
62.3 min), and low complication rate (10 vs 16.6%); hence, 

this confirms the importance of stent placement in providing 
not only urinary drainage but also easier subsequent ureteric 
manipulation but we should notice the operative time taken 
during first procedure (ureteric stenting) in deferred URS 
group which was (14 ± 5 min) and the quality of life of 
children entering operative theater for two times. Our results 
are similar to those of a retrospective study by Elgammal 
et al. who reported that secondary URS in 24 children had 
better stone clearance, significantly lower need for ureteric 
dilatation, and shorter intervention time than primary URS 
in 42 children aged ˂12 years [17].

The current study limitations are the relatively small 
sample size with limited statistical power and short follow-
up time; therefore, further study with a large sample size 
and long-term follow-up is recommended another limita-
tion is that the children quality of life during both proce-
dures not estimated so we recommend in future studies to 
be estimated.

Conclusions

Deferred URS is preferable over primary URS in the pediat-
ric population, especially for the management of obstructive 
anuria secondary to ureteric urolithiasis in pediatric patients 
compared to primary URS, because of a significantly lower 
need for ureteric dilatation, higher stone-free rate, shorter 
procedure time, and lower complication rate.

Author contributions  AM: project development, data collection, manu-
script writing and revision co-authors. FA: data collection, data analy-
sis. MM: data analysis. A-KM: data collection.

Funding  Open access funding provided by The Science, Technology & 
Innovation Funding Authority (STDF) in cooperation with The Egyp-
tian Knowledge Bank (EKB).

Data availability statement  All data generated or analysed during this 
study are included in this published article tables and The datasets 
generated during and/or analysed during the current study are available 
from the corresponding author on reasonable request.

Declarations 

Conflict of interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 



	 Urolithiasis (2023) 51:6

1 3

6  Page 6 of 6

need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Jobs K, Rakowska M, Paturej A (2018) Urolithiasis in the pediat-
ric population—current opinion on epidemiology, patophysiology, 
diagnostic evaluation and treatment. Dev Period Med 22(2):201–
208. https://​doi.​org/​10.​34763/​devpe​riodm​ed.​20182​202.​201208 
(PMID:30056408;PMCID:PMC8522892)

	 2.	 Evan AP (2010) Physiopathology and etiology of stone formation 
in the kidney and the urinary tract. Pediatr Nephrol 25(5):831–841

	 3.	 Penido MG, de Sousa TM (2015) Pediatric primary urolithiasis: 
symptoms, medical management and prevention strategies. World 
J Nephrol 4(4):444

	 4.	 Galal EM, El-Bab TK, Abdelhamid AM (2013) Outcome of uret-
eroscopy for treatment of pediatric ureteral stones. J Pediatric Urol 
9(4):476–478

	 5.	 Kumar J, Mandhani A, Srivastava A, Kapoor R, Ansari MS (2013) 
Pediatric urolithiasis: experience from a tertiary referral center. J 
Pediatric Urol 9(6):825–830

	 6.	 Fry AC, Farrington K (2006) Management of acute renal failure. 
Postgrad Med J 82(964):106–116

	 7.	 Jiang H, Wu Z, Ding Q (2008) Ureteroscopy and holmium: YAG 
laser lithotripsy as emergency treatment for acute renal failure 
caused by impacted ureteral calculi. Urology 72(3):504–507

	 8.	 Hou W, Wen J, Ji Z, Chen J, Li H (2014) Reflex anuria: an old 
concept with new evidence. Int Urol Nephrol 46(2):323–328

	 9.	 Preminger GM, Tiselius HG, Assimos DG, Alken P, Buck C, Gal-
lucci M (2007) Guideline for the management of ureteral calculi. 
J Urol 178(6):2418–2434

	10.	 Amancio L, Fedrizzi M, Bresolin NL, Penido MG (2016) Pediatric 
urolithiasis: experience at a tertiary care pediatric hospital. Braz 
J Nephrol 38:90–98

	11.	 ElSheemy MS, Shouman AM, Shoukry AI, ElShenoufy A, 
Aboulela W, Daw K (2015) Ureteric stents vs percutaneous 
nephrostomy for initial urinary drainage in children with obstruc-
tive anuria and acute renal failure due to ureteric calculi: a pro-
spective, randomised study. BJU Int 115(3):473–479

	12.	 Abdel-Kader MS (2011) Management of calcular anuria in adults 
caused by ureteric stones: by using of ureteroscopy and holmium 

laser. Arab J Urol 9(3):179–182. https://​doi.​org/​10.​1016/j.​aju.​
2011.​09.​004 (Epub 2011 Nov 17. PMID: 26579292; PMCID: 
PMC4150568)

	13.	 Adediran S, Dhakarwal P (2014) Reflex anuria: a rare cause of 
acute kidney injury. J Community Hospital Internal Med Perspect 
4(2):23423

	14.	 Tawfiek ER, Hussein AF, Anwar AZ (2006) The use of semi rigid 
ureteroscopy and lithoclast for proximal and distal ureteral calculi. 
Sci J El-Minia Fac Med 17(2):82–89

	15.	 Türk C, Knoll T, Petrik A, Sarica K, Straub M, Seitz C (2011) 
Guidelines on urolithiasis. Eur Assoc Urol 69(3):468–74

	16.	 Elgammal MA, Abdel-Kader MS, Kurkar A, Mohammed OA, 
Hammouda HM (2009) Management of calculus anuria in chil-
dren: experience of 54 cases. J Pediatric Urol 5(6):462–465

	17.	 Elgammal MA, Safwat AS, Elderwy A, El-Azab AS, Abdelkader 
MS, Hammouda HM (2014) Primary versus secondary ure-
teroscopy for pediatric ureteral stones. J Pediatric Urol 
10(6):1193–1198

	18.	 Arda E, Cakiroglu B (2018) Bilateral same-session flexible ure-
terorenoscopy for renal and/or ureteric stone disease treatment. 
Arab J Urol 16(4):441–445

	19.	 El-Hefnawy AS, El-Nahas AR, El-Tabey NA, Shoma AM, El-
Assmy AM, El-Kenawy MR (2011) Bilateral same-session uret-
eroscopy for treatment of ureteral calculi: critical analysis of risk 
factors. Scand J Urol Nephrol 45(2):97–101

	20.	 Addar A, Aljuhayman A, Ghazwani Y, Al Khayal A, Alasker A, 
Emiliani E, Hamri SB (2021) Bilateral same session renal stone 
surgery tolerance and complications. Urol Ann 13(4):336–339. 
https://​doi.​org/​10.​4103/​UA.​UA_​128_​20 (Epub 2021 Sep 2. 
PMID: 34759642; PMCID: PMC8525472)

	21.	 Cetti RJ, Biers S, Keoghane SR (2011) The difficult ureter: what 
is the incidence of pre-stenting? Ann R Coll Surg Engl 93(1):31–
33. https://​doi.​org/​10.​1308/​00358​8411X​12851​63910​6990 (Epub 
2010 Oct 8. PMID: 20937199; PMCID: PMC3293268)

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.34763/devperiodmed.20182202.201208
https://doi.org/10.1016/j.aju.2011.09.004
https://doi.org/10.1016/j.aju.2011.09.004
https://doi.org/10.4103/UA.UA_128_20
https://doi.org/10.1308/003588411X12851639106990

	Primary versus deferred ureteroscopy for the management of obstructive anuria secondary to ureteric urolithiasis in children: a prospective randomized study
	Abstract
	Introduction
	Patients and methods
	Results
	Discussion
	Conclusions
	References




