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unilateral ureteral stent (one male and one female) encoun-
tered the same problem. All other stents were extracted 
successfully using the extraction string without any compli-
cations. No upward stent migration or suture site reaction 
was encountered.
Conclusion This method is a safe, easy-to-use, feasible 
and noninvasive alternative for cystoscopic stent removal 
with high success rate and minimal complications. This can 
lead to considerable saving in time and costs for patients, 
families and healthcare system.
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Introduction

Ureteral stents are an integral part of urologic practice used 
to prevent ureteral obstruction and maintain the urine flow. 
In 1978, Finney introduced the double-J stent in an attempt 
to reduce the stent migration, and since that time, double-J 
stents are widely used for different indications in children 
and adults [1].

Ureteral stents have been changed over the past two 
decades in order to minimize patients’ discomfort, stent 
encrustation and urinary tract infection (UTI) [2]. Several 
studies have reviewed and highlighted the advances in 
stent technology and use of new biomaterials in order to 
decrease stent-related complications, but minimally inva-
sive method of choice for stent retrieval is less commonly 
addressed [3]. Routine endoscopic stent retrieval requires 
general anesthesia or sedation that imposes more cost to 
the patients and healthcare system. Specifically in pediatric 
patients, it will also impose the risk of a second anesthesia 
and urethral injury.

Abstract 
Purpose To propose a simple noninvasive method for ure-
teral stent retrieval using an extraction string sutured to the 
skin in children.
Methods A retrospective chart review was performed 
to gather relevant data from December 2005 to February 
2013. After the surgeries, if indicated, a tethered double-J 
stent was placed in the ureter. A 5-0 non-absorbable Prolene 
stitch was used as an extraction string passing through the 
urethra and was sutured to subcoronal skin in boys or inner 
surface of labia majora in girls. For stent removal, a small 
amount of 2 % lidocaine jelly was pushed into the urethra 
5 min before the procedure. The string was then pulled by 
continuous and gentle force until the entire stent was out. 
The suture was then cut to release the stent. No sedation or 
anesthesia was needed.
Results A total of 378 double-J stents with extraction 
strings were inserted for a total of 325 patients (61.2 % 
male). Of the 53 patients with bilateral ureteral stents, one 
male patient (1.88 %) experienced early stent protrusion 
from urethral meatus. Two of 272 patients (0.73 %) with 
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Several techniques have been proposed to obviate the 
use of cystoscopy in double-J stent retrieval such as using 
magnets [4–6], crochet hook [7], urethral sound [8] and 
snail-headed retriever [9]. Although some of these methods 
may be less costly and may need less experience or facili-
ties, they all retain two major drawbacks: additional ure-
thral instrumentation and low success rate. Moreover, some 
of these are only applicable to female patients and some 
need anesthesia or sedation.

Due to the aforementioned reasons, noninvasive stent 
removal lacks the expected popularity in the urologic arma-
mentarium. This calls for a simple and effective noninva-
sive method for stent removal with high rates of success. 
We have previously introduced external extension of dou-
ble-J stents during pyeloplasty as an inexpensive and non-
invasive technique for stent removal [10]. We hereby revisit 
the concept of using extraction string in children [11] and 
propose our simple modification in which the distal end of 
the double-J stent is tethered with an extraction string and 
sutured to the skin. This method can be used in both gen-
ders and in both the pediatric and adult populations.

Patients and methods

After obtaining ethical approval from institutional review 
board, a retrospective chart review was performed to gather 
relevant patients’ data from December 2005 to February 
2013. The stent placement and removal technique was the 
same in all patients. Detailed description of the procedure 
was given to parents, and informed consent was obtained 
from them. We used a 5-0 non-absorbable Prolene stitch 
as extraction string and tied it through one of the distal 
holes in the bladder coil of the stent; the needle was then 
removed (Fig. 1). Ureteral stent placement was performed 
by pushing it up into the renal pelvis using a pusher over 
the guide wire and developing the distal curl in the blad-
der. Extraction string remained out of the urethra. A non-
absorbable 4-0 stitch was then sutured to the lateral subc-
oronal skin in boys or inner surface of labia majora in girls. 
After preparing the appropriate length of extraction string, 
these two stitches were knotted together without any ten-
sion on extraction string (Fig. 2); then, a Foley catheter was 
inserted into the bladder if indicated.

Double-J stents were left inside for 1–4 weeks postop-
eratively depending on the type of the surgery. Few days 
after surgery, the Foley catheter was removed while ure-
teral stent stayed in place. The surgeon should be careful 
while removing the Foley catheter in the presence of an 
extraction string in the urethra; for the prevention of inad-
vertent removal of the stent, especially in boys, we instilled 
a small amount of 2 % lidocaine jelly into the urethra using 
a syringe and then twisted the Foley catheter clockwise and 

counterclockwise gently before removing the catheter. This 
maneuver released the probable adhesion between the cath-
eter and the string.

For ureteral stent removal, a small amount of 2 % 
lidocaine jelly was pushed into the urethra 5 min before 
removal. The string was then pulled by continuous and gen-
tle force until the entire stent was out. The suture was then 
cut to release the stent and was appropriately discarded.

Results

During the study period, 378 double-J stents with extrac-
tion strings were inserted for a total of 325 patients of those 
199 were male (61.2 %). The mean age (SD) of patients 
was 3.97 (4.26) years. The characteristics of patients are 
summarized in Table 1. Indications for ureteral stenting 
were endoureterotomy, ureteroscopy, ureterocele puncture 
(when endoscopic ureterocele double-puncture technique 
was used with double-J placement [12]) and endoscopic 
antireflux surgery (in cases of unilateral bulking agent 
injection for single functioning kidney, to prevent possi-
ble obstruction and subsequent kidney damage) (Table 2). 
Upward migration of stent was not encountered among 
patients. No urine leakage was observed in toilet-trained 
patients. Of the 53 patients with bilateral ureteral stents, 
one male patient (1.88 %) experienced early stent protru-
sion from urethral meatus. Two of 272 patients (0.73 %) 

Fig. 1  Double-J stent with Prolene suture tied to it
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with unilateral ureteral stent (one male and one female) 
encountered the same problem. None of them required 
stent replacement. All other ureteral stents were removed 

successfully using extraction strings. No cystoscopic inter-
vention was required for stent removal.

We did not observe any complications attributable to the 
extraction string sutured to the skin. No suture site infec-
tion or scarring was noted in our patients. Urine cultures 
were taken prior to stent removal. In four patients (1.23 %) 
who had positive urine cultures, stent removal was post-
poned for 1 week and antibiotics were given based on the 
susceptibility results. Double-J stents were removed on the 
average of 22.3 (5.1) days following surgery.

Discussion

Cystoscopy is most commonly used to extract ureteral 
stents using endoscopic grasping forceps. In children, this 
procedure requires a second general anesthesia and addi-
tional urethral instrumentation with the risk of related 
complications. Several experts endeavored to find new 
minimally invasive methods to obviate the need of cystos-
copy for stent removal; use of magnets was one of these 
attempts. In this method, a magnet is affixed to the distal tip 
of the ureteral stent and another magnet is used to retrieve 
the stent using a urethral catheter or specially designed 
instrument [4, 13, 14]; this method reached 100 % suc-
cess rate in women but only 76 % success rate in men [14]. 
Most recently, Wang et al. [6] designed a basket-shaped 
magnetic stent with hooks on the end of retrieval catheter 
to increase the success rate. However, this recent technique 
should be investigated for biocompatibility of the stent, 
stent-related complications and ureteral dislodgement due 
to unfolded basket [6]. Crochet hook [7] and snail-headed 
[9] catheters are also reported for ureteral stent removal 
with variable success rates but are all confined to female 
patients. All the aforementioned methods also share the 
same drawback: the need for additional urethral catheteri-
zation. Biodegradable ureteral stents have also been intro-
duced to minimize patients’ discomfort and eliminate the 
risk of neglected stents, but these stents have not yet got 

Fig. 2  Extraction string sutured 
to labia majora in females or 
lateral subcoronal skin in males

Table 1  Characteristics of study participants

Values are expressed as numbers (percentage) or mean (SD)

No. of patients 325

No. of ureteral stents 378

Male, N (%) 199 (61.2 %)

Female, N (%) 126 (38.8 %)

Mean age at surgery (years) 3.97 (4.26)

Mean stent indwelling time (days) 22.3 (5.1)

Inadvertent stent expulsion, N (%) 3 (0.79 %)

Table 2  Indications for surgery and ureteral stenting

Values are presented as numbers (percentage)
a Patients that were treated using ureterocele double-puncture endo-
scopic surgery with double-J placement [12]
b Ureteral stents placed in unilateral endoscopic antireflux surgery in 
patients with solitary functioning kidney

Endoureterotomy 134 (41.2 %)

 Right 37

 Left 53

 Bilateral 44

Ureteroscopy 102 (31.4 %)

 Right 51

 Left 46

 Bilateral 5

Ureterocele puncture surgerya 54 (16.6 %)

 Right 23

 Left 27

 Bilateral 4

Endoscopic antireflux surgeryb 35 (10.8 %)

 Right 16

 Left 19

 Bilateral 0
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widespread acceptance due to limitations in controlling the 
degrading time and also stent particles which may lead to 
ureteral obstruction [15–17].

In 1986, Siegel et al. [11] developed a non-endo-
scopic method for stent retrieval in children in which a 
monofilament nylon tether was tied to the distal end of 
a double-J ureteral stent and could be taped to the penis 
or abdomen. This string was used for stent removal, and 
the method was assessed in small studies afterward with 
acceptable results [18, 19]. Although tethered ureteral 
stents were manufactured subsequently, this method 
did not gain widespread popularity mainly due to the 
concerns about inadvertent displacement of the stent 
and possible complications. However, a recent rand-
omized controlled trial in adults concluded that tethered 
ureteral stents might have several advantages without 
increasing the risk of complications and morbidities 
[20]. Barnes et al. [20] emphasized that no difference 
existed in stent-related symptoms between patients with 
and without extraction string and showed that no spe-
cific complications are attributable to the string in the 
urethra per se. Furthermore, they did not observe any 
differences in the incidence of postoperative compli-
cations including UTI, stent migration and emergency 
room visit [20]. For tethered stents, a dislodgment rate 
of 13–15 % is reported in adults and is believed to be 
higher in females [20, 21]. For example, Althaus et al. 
[21] recently reported that dislodgment occurred in 13 
of 98 cases that had tethered stents fixed with adhesive 
tapes. However, at least five of these patients intention-
ally removed the stents and another two accidentally 
pulled their stent out; most of the dislodgments (9/13) 
also occurred at the day zero after surgery [21]. It 
should be noted that these findings might not be appli-
cable to children specifically those at younger ages 
since adults may more likely remove their stents inten-
tionally and prematurely. In children, dislodgment of 
the stent by inadvertently pulling the string is the main 
concern. Our modified technique can be safely used 
in children by applying a suture to the skin; the risk 
of inadvertently pulling the string by the child or car-
egiver is minimized in both males and females with this 
method, and this may be the main reason that we did not 
observe a high rate of dislodgment in our experience.

In our study, we did not observe any string breakage dur-
ing stent removal and stent retrieval was totally successful in 
all patients. Using a non-absorbable monofilament suture is 
mandatory to avoid both string breakage and bacterial colo-
nization. Neglected ureteral stent is a major concern in uro-
logic practice and may lead to bothersome symptoms like 
hematuria, stone formation, recurrent UTI, septicemia and 
even death [22, 23]. In our technique, external extension and 
fixation of the string prevent forgetting the stent due to its 

visibility [20]. Extraction string attached to the skin also pre-
vents proximal stent migration that is reported in 0.6–4.2 % 
of patients without extraction string [24, 25]. Although 
involuntary urine leakage or incontinency attributed to the 
extraction string may be a concern, we did not observe this 
complication in toilet-trained children. In younger children, 
urine leakage could not be investigated; however, this would 
not be troublesome since the child is in diaper. Urine leakage 
may be the result of stent displacement beyond the urethral 
sphincter [18]. By applying the skin suture, the risk of inad-
vertently pulling the string is greatly reduced and this may 
explain lack of this complication in our patients.

Removing ureteral stent using extraction string is an 
outpatient procedure and reduces the costs to both patients’ 
families and healthcare system. This method is also time-
saving by eliminating the need for secondary cystoscopy, 
general anesthesia and hospitalization specifically in busy 
healthcare settings that scheduling a cystoscopy is time-
consuming [26]. Surgeons should educate patient’s family 
about handling the extraction string and how they can avoid 
pulling the string during diaper changing. Stent extraction 
can be easily done at home by well-informed parents; how-
ever, we performed the procedure for all patients during a 
follow-up visit at our clinic by a physician.

We are aware that our study has some limitations. 
Firstly, we did not compare our results with a control group 
that underwent cystoscopic stent removal and we ought to 
rely on previous studies in this regard that mostly address 
the adult population. We also were not able to objectively 
assess patients’ symptoms because of the retrospective 
design of our study; however, previous randomized con-
trolled studies suggest that no additional discomfort is 
associated with tethered stents [20]. Accordingly, further 
studies and randomized trials are required prior to suggest-
ing our method as a routine technique in pediatric urology 
practice. Future studies may also investigate this method in 
adult patients.

In conclusion, ureteral stent removal using an extraction 
string sutured to the skin is a noninvasive and easy-to-use 
technique without inflicting any major complications to the 
patient. It also results in significant cost savings for patients 
and healthcare system. This technique of non-cystoscopic 
ureteral stent retrieval has the potential to be used routinely 
in patients requiring ureteral stents considering its great 
benefits.
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