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Background: In this study we aimed to assess and compare the rate of sem-irigid ureterorenoscope in the treatment of upper and 
lower ureter stones through pneumatic lithotripsy (PL).
Materials and Methods: Ninety-two patients with a mean age±SD of 45±15years who had had a surgical procedure performed by 
the same experienced surgeon between January 2013 and July 2015 were included in the study. The mean±SD stone size was 8.8 
±2.6 mm. Forty-two of the patients (45.7%) had upper ureter stones and 50 (54.3%) had lower ureter stones in order to increase the 
success rate and avoid stone migration. The medical files of the patients were reviewed regarding age, sex, stone size, stone location, 
success rate, complications, and presence of hydronephrosis. Success was operationally defined as the complete fragmentation of stone 
to very small parts that could pass or complete extraction of the stone.
Results: Eighty-four of the patients were stone free (91%). The success rates for patients with upper or lower ureteric stones were 
93% and 90%, respectively (P=0.63). There were no complications during the operation. However, 4 patients (4.4%) had postoperative 
complications in terms of urinary tract infection or urosepsis. Those were accurately managed by the suitable medical treatment.
Conclusion: Semi-rigid ureterorenoscopy by using PL was a safe and practical treatment option for managing the upper and lower 
ureter stones. Performing the tips and tricks of ureterorenoscopy by an experienced surgeon seems to enhance the success rate, 
especially in upper ureter stones.
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Introduction
Ureterorenoscopy (URS) can be used singly or with various lithotripters: electrohydraulic, pneumatic, ultrasonic or laser 
lithotripters. Currently, pneumatic lithotripters (PL) are more frequently used. The working principle of PL is based on 
the conduction of air pressure on the metal bar at certain frequencies. A pneumatic lithotripter can be best performed 
using a rigid instrument. It is very durable and it can be used many times. The main disadvantage is that the broken 
fragments should be extracted one by one using stone forceps. It can also push the fragments back into the renal 
collecting system. The pneumatic lithotripter is more effective than URS for hard stones like cystine or calcium oxalate 
monohydrates.1 Laser lithotripters (LL) are expensive and need continuous maintenance, but higher successful fragment 
rates are achieved with LL. The zone of thermal injury associated with laser energy ranges from 0.5 to 1 mm.2 This photo 
thermal may cause ureteral injury and may damage guide wire or the basket. The greatest advantages of laser energy are 
high success and low risk of stone migration, especially in upper ureter stone management.3 In a recent comparative 
study between LL and PL, Kizlay et al reported that both energies are safe in children and adults, with similar clinically 
insignificant complication rates.3 However, in the short term, LL provides better stone-free rates in both children and 
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adults, especially in upper ureteral stones.3 While the rationale for the use of URS in the lower ureter stone is well known 
and documented, URS has comparable effects or is even superior to extracorporeal shock wave lithotripsy (ESWL) in the 
managements of upper ureter stones. All operations were done by a single experienced surgeon utilizing many tips and 
tricks to improve the expected low success rate of endoscopic management of upper ureter stone when using PL. We 
aimed to evaluate and compare the success rate of semi-rigid ureterorenoscope in the management of upper and lower 
ureter stones using pneumatic lithotripsy (PL).

Materials and Methods
Ninety-two patients with a mean±SD age of 45±15 years, of whom 73.9% were male and 26.1% were female, who 
underwent endoscopic management of ureter stones by a single experienced surgeon between January 2013 and 
July 2015 were included. Table 1 shows the demographic characteristics of the study groups.

The mean stone size was 8.8±2.6 mm. Forty-two patients (45.7%) had upper ureter stones, and 50 patients (45.3%) 
had lower ureter stones. All patients were operated as a day case procedure.

All patients had a preoperative evaluation in terms of full biochemistry and radiologic evaluation: ultrasound and 
kidney ureter bladder (KUB) and/or noncontrast-enhanced computer tomography (CT). All URS was performed with 8/ 
9.8 Fr semi-rigid ureterorenoscope by the same surgeon as a day case procedure. Many tips and tricks were used to 

Table 1 Demographic Characteristics of the Study Groups

Demographic 
Characteristics

Upper Ureter 
Stones

Lower Ureter 
Stones

Patients (n) 42 50

Age (years) mean±SD 44.4±13.1 46±14.84

Stone volume (mm), mean±SD 8.92±2.624 8.72±2.571

n (%) n (%)

Female 10 (23.8) 14 (28)

Male 32 (76,2) 36 (72)

Right ureter stone 21 (50) 21 (42)

Left ureter stone 21 (50) 29 (58)

Hydronephrosis 22 (52) 27 (54)

Complications 3 (7.2) 1 (2)

History of ESWL 3 (7.2) 1 (2)

Success rate 39 (92.9) 45 (90)

Causes of failure:

Narrow ureter 1 (2.4) 4 (8)

Push back 2 (4.6) 1(2)

Types of complication:

Fever 1(2.4) 1 (2)

Abdominal pain 1 (2.4) 0

Urosepsis 1 (2.4) 0

Abbreviations: N, number of patients; mm, millimeters; ESWL, extracorporeal shock wave 
lithotripsy.
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improve the success rate of URS, especially for the upper ureter stones. Pneumatic lithotripters (Vibrolith Lithotripsy 
System-ELMED, Turkey) were used in all operations (probe 3.6mm). All patients with fever, abnormal septic parameters 
and/or positive urine culture were given appropriate medical therapy and, after normalization of the parameters, were 
included. The medical records were retrospectively reviewed in terms of: age, sex, stone size, stone location, success rate 
and complications. The success rate was defined as a complete extraction of the stone as a unit or its fragments or 
fragmentation of the stone to small pieces that can pass smoothly. All patients were monitored as outpatients at 2 weeks 
and real abdominal ultrasound and KUB were done for all patients. The average operative time was 20 minutes (range: 
15–25 minutes. Double J-stent (DJS) was placed for the patient who had a huge load of fragments, had push backed the 
stone or had failed trial of the URS.

Statistical Analysis
The SPSS ver. 10.0 (SPSS Inc., Chicago, IL, USA) was used for the statistical analysis. A p-value of greater than 0.05 
was accepted as insignificant. Comparison between the parameters of subgroups was calculated by use of Student’s t-test. 
Pearson correlation test was used to determine the factors which influence the success rate.

Results
Stone free was achieved in 84 patients (91%). The success rates for upper and lower ureteric stones were 93% and 90%, 
respectively (p=0.63). There were no serious preoperative complications. Postoperative complications were found in 4 
patients (4.4%). Complications were fever in two patients (2.2%), abdominal pain in one patient (1.1%), and urosepsis in 
one patient (1.1%), and all of these complications were managed with appropriate medical therapy. All complications 
occurred in patients with upper ureter stones except one patient who had lower ureter stones. Management failed in 8 
patients (8.7%): five of them (5.4%) due to narrow ureter (4 patients had lower ureter stones) and three patients (3.3%) 
due to push back of the stone to the kidney (1 patient had lower ureter stones). There was no significant correlation 
between success rates and age, stone volume, stone location, age, presence of hydronephrosis, sex and success rates.

Discussion
URS is defined as an endoscopic visualisation of the renal pelvis and ureter for diagnostic and/or therapeutic objectives. 
Various therapeutic alternatives such as extracorporeal shock wave lithotripsy (ESWL), flexible URS, antegrade URS, 
retrograde URS, and laparoscopic ureterolithotomy are available. URS is the backbone in the management of lower third 
ureteric stones, with an approximate success rate of more than 90%.4,5 ESWL has a low success rate in the management 
of lower third ureteric stones, but good results in the management of upper stones.6 In the large impacted upper ureteral 
calculi with size more than 1 cm, URS is superior to ESWL.7

In our study, we investigated the efficacy of semi-rigid ureterorenoscope in the management of upper and lower ureter 
stones using PL. To improve the success rate of URS for upper ureter stones, many trips and tricks were used. Our overall 
success rate was 91%, which is comparable to international published data.1,8 Many studies in the literature reported that 
the fragmentation rates of holmium laser-assisted ureteroscopy are significantly better in the upper ureter and the need for 
auxiliary procedures is significantly less when compared with pneumatic lithotripsy.3 The main disadvantage of PL is 
stone migration. Most stone migration usually occurred in proximal ureteric stones and the rate of migration was reported 
to be about 30%. Therefore, many different methods are used for prevention of stone migration during ureteroscopic 
lithotripsy, like Stone Cone™, PercSys and lidocaine jelly instillation.9,10 Although lidocaine instillation was found to 
have no significant effect on reduction of stone migration, Stone Cone™ and PercSys do reduce migration to 4.5% and 
8.7%, respectively.9 Also, XenX was found to be a safe and effective device for the treatment of upper ureteric tract 
stones and it may reduce the risk for the need of auxiliary procedures and for the insertion of a DJS.10 Nevertheless, push 
back of the stones remains the most challenging cause of failure. In our study, to minimize fragment migration a lot of 
tips and trick were applied. URS was placed over 4 Fr ureter catheter instead of guide wire, thus pushing the stone by 
irrigation flow is minimized. Slowly moving inside the ureter and sometime closing irrigation completely thus avoids the 
pushing force of irrigation. Using a thick probe of 3.6 Fr for stone fragmentation may reduce the pushing force of the 
water; reducing the frequency of the shock waves may also help in minimizing the risk of stone migration. If the stone is 
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about to escape to the renal pelvis or has started moving up, then we catch the stone in the basket and fragment the stone 
by 2 Fr probe through the same working channel. It is helpful to consult an anaesthesiologist to control patients’ 
respiratory movement during stone fragmentations, especially in the upper third stone and renal stones. This will increase 
the efficacy of the pneumatic fragmentation and decrease the risk of ureter perforation and avoid bleeding from the ureter 
wall, thus helping to reduce the overall operating time. Some authors reported that using warm saline irrigation in 
endoscopic surgeries results in better surgical outcomes, including a lower ureteral spasm rate, greater ureteral muscle 
relaxation and better access to the upper ureteral zone, and a lower rate of complications, such as ureteroscope impaction, 
ureteral dislodge and stone retropulsion.11 During our daily practice, although we use these tips and tricks, sometimes we 
found ourselves in need of using laser energy instead of PL, especially when the stone is hard and resistant to PL.

We have no ureteral perforation; however, 2% to 4% of ureter wall perforation was reported either with laser or 
pneumatic energy.3 In our study, we had three stone migrations (3.2%) and 2 of them had an upper ureter stone and both 
of them had hydronephrosis and the stone volume was less than 1 cm thus increasing the risk of migration. In both cases 
the stone was pushed back not through fragmentation but before we started fragmentation. Therefore, we do recommend 
decreasing the force of irrigation flow by the above mentioned tricks to avoid stone migration. The cost-effectiveness of 
anti-retropulsion devices used during ureteroscopic lithotripsy is an important consideration; however, using the tips and 
tricks may result in reduction of stone migration to the same level without any financial cost to the patient.12 Ursiny et al 
concluded that it is cost-effective to use an anti-retropulsion device at a retropulsion rate of greater than 6.3%.12 The 
authors estimated costs of secondary procedures needed to treat retropulsed stones as $5290 for shock wave lithotripsy 
and $6390 for ureteroscopy. Average device cost was $278. Thus, the average additional cost of ureteroscopic lithotripsy 
with versus without an anti-migration device would be $384 versus $952.12

Eight patients had failed procedures; 5 of them had a lower ureter stone and the cause was narrow ureter with small 
size of the stone. A lot of tips and tricks were used to overcome the narrow ureter. If the passage is obstructed at the level 
of ureter orifice, we rotate the semi-rigid ureteroscope 180 degrees, enabling the peak of the scope to pass through ureter 
orifice more easily. If we are still unable to pass the orifice, then we stent the ureter and repeat the procedure in 
approximately 2–3 weeks. During our daily practice, we do expect narrow ureter in any patient with small size stone (less 
than 5 mm) without spontaneous passage for a week or more. In such cases, DJS will be placed for 2–3 weeks then 
removal of DJS and stone extraction are performed at the same time. Some authors do extensive balloon dilatation to 
pass a tight ureter but risk of trauma and long-term ureter stricture formation should be considered.13

We recommend not forcing ureteroscope to pass the ureter because perforation or avulsion of the ureter as well as 
severe postoperative pain may occur. In such cases we believe that using low-caliber URS (6/7.5Fr) may help in passing 
the narrow ureter. In literature the incidence of anatomic abnormalities, a narrow ureteric lumen, tortuous ureteric path 
was found to be 8% in a tertiary referral unit and this should be considered and indeed discussed with patients when 
obtaining pre-operative consent, especially for purely elective, non-urgent, cases.13 In such cases the operation can be 
converted to flexible URS; however, sometimes it is not easy to access the virgin ureter with flexible URS. Moreover, the 
cost of flexible URS is much higher when compared to semi-rigid URS and this tool can easily malfunction. The cost of 
flexible URS has been reported to be $1116 for each patient with the use of additional equipment.14 Semi-rigid URS 
means wider working channels and better images obtained using high irrigation. Flexible URS can be difficult to 
manipulate and insert into the ureter orifice with smaller optic diameters and working channels and longer operation 
times.15 However recently, following the introduction of disposable flexible URS and highly effective laser machine for 
stone fragmentation, flexible URS started to replace semi-rigid URS in definite cases of upper ureter stone, although the 
primary indication of flexible URS is moderate size kidney pelvis or lower pole stone. In developing countries, financial 
considerations and the cost-effectiveness of procedures do limit the available equipment; thus, mastering semi-rigid URS 
in the management of ureter stone is of great value. When placing the stent, if we find difficulty with bucking at the ureter 
orifice, bring the cystoscope closer to the ureter orifice and push slowly under vision. If the stent is not moving, check the 
wire placement in the collecting system because the excess wire in the renal end can equally hamper progress; by pulling 
back the wire slightly under fluoroscopy monitoring, the stent can then be advanced. It is important to not leave the distal 
end too short because migration into the ureter may occur. We usually perform URS and place the stent without 
fluoroscopy. In one of the recent systematic reviews and meta-analysese in the literature where fluoroless and 
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conventional URS were compared, the authors concluded that fluoroless URS is equally safe and effective, with zero 
radiation exposure.16 However, it needs to be cautiously conducted in selected patients and fluoroscopy equipment should 
always be available intraoperatively.16 In our study we placed the guide wire using a ureteroscope and inserted the stent 
slowly by keeping the guide wire straight by applying minimal tension; then, we advanced the pusher to continue 
advancing the stent until it approximately reached the prostatic urethral or ureter orifice; then, we inserted the 
ureteroscopy beside the pusher and continued pushing the pusher and the stent under vision of ureterorenoscope until 
the end of the stent was seen near to ureter orifice; then, we pulled out the guide wire and the pusher, respectively.

All preoperative parameters (Table 2) for patients with upper or lower ureter stones were homogenous and success 
rates were similar for both groups. These findings do confirm the benefit of the tips and tricks in improving success in the 
endoscopic management of upper ureter stones.17 In the literature, success rates in the management of upper ureter 
stones using PL are 86% and 97%, respectively, when using laser energy.3

In our study group there were no intraoperative complications. In the literature, the complication rate following stone 
fragmentation with URS appears to be less than 5%; the most frequently seen major complications were ureteral 
perforation and avulsion and development of ureteral stenosis in the long term3 Some serious but rare complications 
were reported after URS with LL but not with PL, like subcapsular renal hematoma (0.36%) and retroperitoneal 
hemorrhage.18–20 In patients with known and uncorrected bleeding, diathesis small caliber of URS with LL is 
safer and more effective for treating upper urinary tract calculi.

We believe that hand experience may be one of the most common reasons behind the low rates of intraoperative 
complications. In our study, postoperative complications occurred only in 4 patients (4.4%); all of these complications 
were managed with appropriate medical therapy. Only one patient had urosepsis (1.1%), who needed admission for IV 
medical therapy. Infection is one of the most common postoperative complications (2–4%); this may be due to nature of 
the operation and the use of multi-instruments like camera, guide wire and endoscopies. Multivariate analysis was done 
and there was no relationship between the results of surgery and location; side, age and size of ureteric stones were not 
significant (p-value=0.63, 0.63, 0.45, 0.08, respectively). We postulate that primary stone size, side, age and location 
have no effect on the result of surgery.

It should be noted that this paper was uploaded to the DSpace software of An-Najah National University repository as 
a thesis on 26th May 2016.21

Conclusions
Pneumatic ureteroscopy in the management of ureter stones is a safe and feasible treatment option for upper and lower 
stones. The tips and tricks in ureterorenoscopy do improve the success rate of URS, especially for upper ureter stones. 
Patients with longstanding small ureter stones and lower ureter stones may have narrow ureters, and ureter stent placing 

Table 2 Characteristics of Patients with Failed Ureterorenoscopy

# Sex Age Location Size (mm) Cause Offailure Hydronephrosis Complication

1 M 52 Lower 6 Narrow Ureter No No

2 F 75 Lower 8 Push Backup No No

3 M 52 Lower 7 Narrow Ureter Yes No

4 M 55 Lower 8 Narrow Ureter No No

5 M 57 Lower 7 Narrow Ureter Yes No

6 M 41 Upper 9 Push backup Yes No

7 M 60 Upper 6 Push backup Yes No

8 M 48 Upper 8 Narrow ureter No No

Abbreviations: M, male; F, female; mm, millimeters.
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is thus the best option for such cases. Location of the stone seems not to have an important impact on the success rate of 
the endoscopic management. Further studies with a larger number of patients should be conducted to confirm our 
findings.
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