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Management of impacted proximal ureteral stone: 
Extracorporeal shock wave lithotripsy versus ureteroscopy 
with holmium: YAG laser lithotripsy

Mostafa Khalil
Department of Surgery, Division of Urology, Mubarak Al‑Kabir Hospital, Ministry of Health, Hawally, Kuwait

INTRODUCTION

With the advances in the technology of the extracorporeal shock 
wave lithotripsy (SWL) and different intracorporeal endoscopic 
procedures, about 95% of ureteral stones can be successfully 

treated by minimally invasive techniques.[1] Both SWL and 
ureteroscopy with Holmium: YAG laser lithotripsy (URSL) 
are the most effective treatment options in the management of  
proximal ureteral stones; however, both procedures are facing 
difficulties when the stone becomes impacted.[2,3] Impacted 
ureteral stone is one that remained unchanged in the same position 
for at least two months,[4,5] and the optimal treatment option in 
this situation is still controversial.[6]  The impacted stones are 
more resistant to shock wave disintegration because of insufficient 
water–stone interface and lack of the natural expansion space 
around such stones.[7,8]  These stones are frequently associated with 
distal lesions such as stricture or polyps that produce difficulty in 
ureteroscopic approach and decrease its working space.[2,9]

Objective: Prospective evaluation of the efficacy and safety of the extracorporeal shock wave lithotripsy (SWL) 
and ureteroscopy with Holmium: YAG laser lithotripsy (URSL) as a primary treatment for impacted stone 
in the proximal ureter.
Patients and Methods: A total of 82 patients with a single impacted stone in the proximal ureter were 
included in the study. Patients were allocated into two groups according to patient preference for either 
procedure. The first group included 37 patients who were treated by SWL and the second group included 
45 patients treated by URSL. The preoperative data and treatment outcomes of both procedures were 
compared and analyzed.
Results: There was no difference as regards to patient and stone characters between the two groups. There 
was significantly higher mean session number and re-treatment rate in the SWL group in comparison to 
URSL group (1.5 ± 0.8 vs. 1.02 ± 0.15 session, and 43.2% vs. 2.2%, respectively). At one month, the stone-free 
rate of the URSL group was statistically significantly higher than that of the SWL group (80% vs. 67.6%, 
respectively). The stone-free rate at three months was still higher in the URSL group, but without statistically 
significant difference (80.2% vs. 78.4%, respectively). There was no statistically significant difference in the 
rate of complications between the SWL and URSL (24.3% vs. 15.6%, respectively).
Conclusion: Both procedures can be used effectively and safely as a primary treatment for impacted stone in the 
proximal ureter; however, the URSL has a significantly higher initial stone-free rate and lower re-treatment rate.
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Many studies compared the outcome of  SWL and URSL in 
management of  proximal ureteral stone with respect to stone 
size; however, less number of  studies compared both procedures 
when impaction is the main problem. In the current study, 
comparison between the two procedures in the management 
of  this situation will be discussed.

PATIENTS AND METHODS

Between October 2007 and July 2011, a total of  82 patients 
were included in the study; they were selected from patients 
with ureteral stones who attended the urology outpatient clinic 
or the emergency department at Mubarak Al‑Kabeer hospital 
in Kuwait. The inclusion criteria were the presence of  impacted 
radio‑opaque solitary stone <2 cm in the proximal ureter (the 
ureter distal to ureteropelvic junction up to the superior aspect 
of  the sacroiliac joint). Patients with multiple stones, previous 
surgery or endoscopic maneuver of  the ureter, previous SWL of  
a stone in the same ureter, congenital anomalies, coagulopathy, 
or renal insufficiency were excluded from the study.

The details of  each procedure, and possible re‑treatment, shift 
to other treatment, or complications had been explained to 
all patients before they decided on the preferred procedure. 
Written informed consents were taken from all patients. 
The patients were allocated into two groups. The first group 
included 37 patients who were treated by SWL and the second 
group included 45 patients who were treated by ureteroscopy 
with Ho: YAG laser lithotripsy (URSL).

All patients were assessed by a full clinical history, serum 
creatinine, blood urea nitrogen, bleeding profile, urine culture, 
and radiological investigations in the form of  intravenous 
urography (IVU) or computed tomography (CT) urography, 
and ultrasonography. All patients with positive urine culture 
were treated by proper antibiotics before the procedures.

PROCEDURES OR PATIENTS AND METHODS

Shock wave lithotripsy
All patients were treated in the supine position by the same 
lithotripter (SIEMENS Lithostar Multiline). Treatment was 
started by a voltage of  11‑12 kV, which then increased gradually 
till reaching to a maximum that could be tolerated by the 
patients. The session terminated if  the stone fragmented on the 
screen or reached about 3,000 shocks. Patients were followed 
up after two weeks by KUB film and ultrasonography, if  
needed. If  there was no or inadequate fragmentation observed, 
re‑treatment was carried out in the same day of  follow‑up with 
a maximum of  total three sessions. Patients were followed 
up by KUB films and ultrasonography, if  needed, until they 
completed three months of  follow‑up.

Ureteroscopy with Ho: YAG laser lithotripsy (URSL)
All patients were treated under general anesthesia in lithotomy 
position under C‑arm fluoroscopy. Ureteroscopy was carried 
out by an 8.6/9.8F semi‑rigid ureteroscope (Olympus). After 
identification of  the ureteric orifice, retrograde ureterography 
was performed to visualize the ureter distal to the stone. 
Retrograde placement of a floppy tip guidewire was tried to pass 
the stone, if  possible, and then the ureteroscope was introduced 
into the ureteric orifice, and continuous irrigation was used 
to maintain clear vision. Stone disintegration was performed 
using Ho: YAG laser (LUMENIS, Versa Pulse Power Suite.100 
watt) via a 550‑nm Slim Line laser fiber (LUMENIS). The 
setting of  the laser machine was adjusted to produce 0.2‑0.8 
Joules/pulse with a repetition rate (frequency) of  3‑16 Hz.

At the end of  procedure, a 6F ureteric catheter was placed 
for 24 hours or 6F double‑J stent was placed if  there was 
post‑operative significant ureteral wall edema, minimal 
perforation, large residuals, or incomplete procedure. The 
double‑J stent was removed after 4‑6 weeks under local 
anesthesia if  there were no residual fragments. Patients were 
followed up by KUB film on the first post‑operative day, and 
then every month by KUB film and ultrasonography, if  needed, 
up to three months.

Treatment outcome of  both procedures was considered 
stone‑free if  no residual fragments were detected by imaging 
study after three months of  follow‑up. The data of  each 
procedure were collected, tabulated, analyzed, and compared 
by statistical software (SPSS for Microsoft Windows, 
Version 17.0). P values were estimated and considered 
statistically significant if  <0.05.

RESULTS

Patients and stone characters are presented in Table 1. There 
was no statistically significant difference between the SWL and 
URSL groups as regards to patients’ age and sex, mean stone 
size, stone side, and pre‑operative urinary tract infection (UTI). 
In the SWL groups, the mean age was 37.1 ± 8.8 years versus 
35.2 ± 10.4 years in the URSL group. In the SWL group, 
83.8% were male and 16.2% were female, and in the URSL 

Table 1: Patients and stones characters
SWL N=37 (%) URSL N=45 (%) P value

Age (yrs) 37.1±8.8 35.2±10.4 0.4
Sex: No (%) 0.61

Male 31 (83.8) 37 (82.2)
Female 6 (16.2) 8 (17.8%)

Stone side: No (%) 0.15
Right 20 (54.1) 21 (46.7)
Left 17 (45.9) 24 (53.3)

Mean stone size (mm) 13.2±2.9 13.4±2.7 0.8
Pre‑op. UTI: No (%) 8 (21.6) 10 (24.4) 0.9
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group, 82.2 % were male and 17.8% were female. Mean stone 
size was 13.2 ± 2.9 mm in the SWL group and 13.4 ± 2.7 mm 
in the URSL group.

SWL was the primary procedure in 37 patients. The mean 
number of  sessions and shock waves applied for the patients 
were 1.5 ± 0.8 session and 4281.1 ± 2411.6 shock waves, 
respectively. Twenty‑one patients (56.8%) became stone‑free 
after the first session. Five and three patients became stone‑free 
after the second and third session, respectively. The re‑treatment 
rate was 43.2%. The stone‑free rate was 67.6% at one month, 
and it increased to 78.4% at three months of  follow‑up. Stone 
failed to be fragmented in eight patients (21.6%); five of  them 
were managed later by URSL, and the remaining three patients 
managed by laparoscopic ureterolithotomy. Six (16.2%) 
patients developed hematuria that was managed conservatively; 
two patients (5.4%) were complicated by steinstrasse and 
managed by URSL, and one patient (2.7%) had febrile UTI 
that necessitated hospitalization and intravenous antibiotic. The 
calculated efficacy quotient (EQ) for the procedure was 50.

URSL was the primary procedure in 45 patients. Failure 
to reach the stone occurred in four (8.9%) patients due to 
tortuous ureter and impassable stricture distal to the stone; three 
of  them were managed later by laparoscopic ureterolithotomy 
and the fourth one by open ureterolithotomy. Stone was 
pushed back during the procedures in two (5.4%) cases that 
were managed successfully after that by SWL. Large residual 
fragments remained in four (8.9%) patients. One of  them 
passed the residual stone after five weeks from the URSL with 
the aid of  conservative treatment; two patients were managed 
by SWL and the last one developed steinstrasse that was 
managed successfully again by URSL. The re‑treatment rate 
and EQ of  the URSL was 2.2% and 74, respectively. The 
stone‑free rate at one month was 80%, which slightly increased 
to 82.2% in three months. Minimal ureteral perforation was 
seen in three (6.7%) patients and managed by placement of  
ureteric double‑J stents, prolonged postoperative hematuria 
for five days in one (2.2%) case, and postoperative fever in 
two (4.4%) cases. Comparison of  the outcome of  the two 
procedures is presented in Table 2.

DISCUSSION

The optimal management of  impacted stone in the proximal 
ureter is still controversial with no established guidelines for 
the treatment of  choice.[9‑11] The dilemma is to choose between 
the two most commonly used procedures in treating ureteral 
stone—SWL and ureteroscopy.[12]

Impacted stone is defined as the stone that has remained 
in the same position for at least two months with failure in 

visualization of  the contrast material in the ureter distal to the 
stone. Failure of  retrograde passage of  a guidewire beyond the 
stone is sometimes present with impaction; however, this is due 
to the transient lie of  the stone.[2,4,5]

In the current study, the criteria of  impaction were failure of  
visualization of  the ureter distal to a proximal ureteral stone 
in IVU or CT urography, with a radiological investigation 
confirmed the presence of  the stone in the same position 
since two months, if  possible, or presence of  symptoms for 
two months. In all patients who underwent URSL, there was 
failure to pass the stone by the guidewire.

In the current study, the patient and stone characters were 
homogenous. There was no statistically significant difference 
between the two groups with regard to age and sex of  patients, 
mean stone size, stone side, and pre‑operative UTI; this 
minimized the effect of  any of  them on the outcomes of  the 
procedures.

The mean number of  sessions in the SWL group was 
statistically significantly higher than that of  the URSL 
group, (1.5  ± 0.8 vs. 1.02  ± 0.15, respectively, P  < 0.01) 
and stone‑free rate after one session was significantly higher 
in the URSL group in relation to the SWL group (80% vs. 
56.8%, respectively, P < 0.05). In the study by Wu et al.,[13] the 
stone‑free rate of  large proximal ureteral stone after one session 
of  URSL was 92.3% in comparison to 61% after one session 
of  SWL, which is comparable to results of  the current study.

The initial stone‑free rate of  SWL in management of  proximal 
ureteral stone is decreased when the stone is either larger 
or impacted with a concomitant increase in the number of  
treatment sessions. In the study by Karlsen et al.,[14] 82% of  
patients who had 5‑10 mm proximal ureteral stone became 
stone‑free after one session of  SWL, while in the study by 
Ziaee et al.,[15] the stone size was in the range of  10‑15 mm and 
the stone‑free rate of  SWL after one session was in the range 
of  73.3‑80.2%, with a 1.2 mean number of  session; this rate 

Table 2: Features and outcome of treatment
SWL 

N=37 (%)
URSL 

N=45 (%)
P value

Mean session no. 1.5±0.8 1.02±0.15 <0.01
Stone free rate after 1st session: No (%) 21 (56.8) 36 (80) <0.05
Auxiliary procedure: No (%) 5 (13.5) 4 (8.9) >0.05
Re‑treatment rate: No (%) 16 (43.2) 1 (2.2) <0.05
Stone free rate (1 mo): No (%) 25 (67.6) 36 (80) <0.05
Stone free rate (3 mo): No (%) 29 (78.4) 37 (82.2) >0.05
EQ 50 74
Complications (overall): No (%) 9 (24.3) 7 (15.6) >0.05

Gross hematuria: No (%) 6 (16.2) 1 (2.2)
Fever: No (%) 1 (2.7) 2 (4.4)
Steinstrasse: No (%) 2 (5.4) 1 (2.2)
Perforation: No (%) 0 (0) 3 (6.7)
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decreased sharply when the stone was impacted as in the study 
of  Ghoneim et al.[16] to be 28.3%, with a mean session number 
in the range of  1.97‑2.0 sessions. Although the impacted stone 
usually needs more than one session of  SWL to be fragmented, 
it is believed that the obstruction is relieved after the first session 
due to partial disintegration of  the stone.[16]

With increasing size of  the stone in the proximal ureter 
and presence of  impaction, the re‑treatment rate became 
significantly higher in SWL in comparison with URSL. 
The study by Karlsen et al.[14] compared both procedures 
for the management of  small‑sized stones in the proximal 
ureter (5‑10 mm), and re‑treatment rate was found to be 18% 
for both. In the study by Fong et al.,[17] the stone size was 
larger and measured 5‑35 mm, and the re‑treatment rate was 
significantly higher in SWL group than in the URSL group 
of  patients (14% vs. 2%, respectively). In case of  impacted 
stone, the re‑treatment rate of  SWL is sharply increased to 
be more than 60%.[16] The previous results matched to a large 
degree with results in the current study, as the re‑treatment 
rate was statistically significantly higher in the SWL group in 
comparison to URSL group (43.2% vs. 2.2%, respectively).

This higher re‑treatment rate of  SWL in managing large and 
impacted proximal ureteral stone is one of  the factors that 
make it the least preferred  primary treatment modality in such 
situations.[15,18]  The cause of  re‑treatment in URSL is post‑laser 
lithotripsy steinstrasse that developed in distal position.[19] 
In the current study, this was the cause of  re‑treatment in 
the URSL group; it was observed that the significant lower 
re‑treatment rate of  URSL in case of  impacted stone was due 
to shift to another treatment rather than re‑treatment. This was 
because most of  the unsuccessful procedures were due to failure 
to reach the stone or pushback of  the stone rather inadequate 
fragmentations as in SWL.

The initial stone‑free rate of  URSL in the management of  
proximal ureteral stone is generally higher than that of  SWL; 
however, with a longer duration of  follow‑up, there is more 
increase in the stone‑free rate of  SWL and the difference 
between the two procedures became less.[15,20] In the current 
study, the initial stone‑free rate after one month of  the URSL 
group was statistically significantly higher than that of  the SWL 
group (80% vs. 67.6%), after three months of  follow‑up, the 
stone‑free rate increased in both groups to be 82.2% in the 
URSL group and 78.4% in the SWL group. Although the 
stone‑free rate after three months was still higher in the URSL 
group, but it was without statistically significant difference. 
These results match to a large degree with the results of  Fong 
et al.[17] who found the one‑month stone‑free rates of  URSL 
and SWL were 80% and 50%, respectively, with significant 
difference; however, after three months of  follow‑up the 

stone‑free rates were 90% for URSL and 78% for SWL and 
the difference was insignificant.

The EAU/AUA Nephrolithiasis Guideline Panel, 2007, 
for the management of  ureteral calculi recommended both 
ureteroscopy and SWL as acceptable first‑line treatment 
modalities for treating ureteral stone >1 cm. The guidelines 
also showed that the stone‑free rate of  a stone >1 cm in the 
proximal ureter was in the range of  55‑79% with SWL and  
71‑87% with ureteroscopy.[21] Since this report, many 
studies were conducted to evaluate the two procedures in the 
management of  proximal ureteral stones but with more precise 
characters, one of  these characters is the presence of  impaction.

In the study by Ghoneim et al.,[16] they reported a stone‑free 
rate of  SWL in the management of  impacted proximal ureteral 
stone to be 90% and 86.7% in the stented and non‑stented 
group of  patients, with an overall stone‑free rate of  88.3%. For 
the same situation, Sun et al.[9] reported the stone‑free rate of  
URSL as 86.4%. In the study by Juan et al.,[10] they reported 
a stone‑free rate of  URSL to be 58%, and this relatively 
lower rate might be due to a larger stone size cutoff  set in this 
study (>1.5 cm).

In the current study, the complication rate of  the SWL and 
URSL groups was 24.3% and 15.6%, respectively, with no 
statistically significant difference between the two groups.

URSL is considered as a safe and effective technique with 
a very low incidence of  major complications.[22] Although 
ureteral perforation is one of  the most common and serious 
complications of  ureteroscope, but with the use of  laser 
lithotripsy, the risk of  perforation becomes less because the 
depth of  thermal effect is 0.5‑1 mm.[11,12,23] The rate of  
perforation in proximal ureteral stone is in the range of  3‑9%; 
however, this rate is steadily decreasing with the improvement 
in technology and technique.[12,21] Another less serious reported 
complications are gross hematuria (12‑22.6%), fever (5‑6.5%), 
steinstrasse (0‑2%), and stricture (1‑5%).[10,11,15,21,22] 
The reported complications in the URSL group in the current 
study were perforation (6.7%), gross hematuria (2.2%), 
fever (4.4%), and steinstrasse (2.2%), which were comparable 
to previously mentioned results.

SWL is the least invasive modality in treating proximal ureteral 
stones, but it is not free from complications.[24]  The most common 
complications associated with SWL are gross hematuria (8‑9%), 
fever (0.8‑4%), and steinstrasse (2‑10%).[12,14‑16,21] In the 
current study, the reported complications in the SWL group 
were hematuria (16.2%), fever (2.7%), and steinstrasse (5.4%), 
which matched to a great extent to the previous results.
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The limitation of the current study is the relatively small number 
of  patients; however, it was due the strict inclusion criteria of  
the study for the selection of  an actually impacted stone.

CONCLUSION

Both URSL and SWL enable an effective and safe primary 
treatment option for the impacted stone in the proximal ureter. 
The URSL has a significant higher initial stone‑free rate; 
however, after three months of  follow‑up, the stone‑free rate 
of  SWL has been further increased and the difference between 
the two procedures becomes insignificant. Although SWL has a 
significantly higher re‑treatment rate and lower initial stone‑free 
rate, it has the advantage of  being non‑invasive and outpatient 
procedure with absence of  anesthesia.
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