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Abstract

Background: Ureteroscopy has traditionally been the preferred approach for treatment of distal and
midureteral stones, with shock wave lithotripsy used for proximal ureteral stones.
Objective: To describe the differences in the treatment and outcomes of ureteroscopic stones in
different locations.
Design, setting, and participants: Prospective data were collected by the Clinical Research Office
of the Endourological Society on consecutive patients treated with ureteroscopy at centres around
the world over a 1-yr period.
Intervention: Ureteroscopy was performed according to study protocol and local clinical practice
guidelines.
Outcome measurements and statistical analysis: Stone location, treatment details, postoperative
outcomes, and complications were recorded. Pearson’s chi-square analysis and analysis of variance
were used to compare outcomes among the different stone locations.
Results and limitations: Between January 2010 and October 2012, 9681 patients received uretero-
scopy treatment for stones located in the proximal ureter (n = 2656), midureter (n = 1980), distal
ureter (n = 4479),or multiple locations (n = 440); location in126 patients wasnot specified. Semirigid
ureteroscopy was predominantly used for all stone locations. Laser and pneumatic lithotripsy were
used in the majority of cases. Stone-free rates were 94.2% for distal ureter locations, 89.4% for
midureter locations, 84.5% for proximal ureter locations, and 76.6% for multiple locations. For the
proximal ureter, failure and retreatment rates were significantly higher for semirigid ureteroscopy
than for flexible ureteroscopy. A low incidence of intraoperative complications was reported
(3.8–7.7%). Postoperative complications occurred in 2.5–4.6% of patients and varied according to
location, with the highest incidence reported for multiple stone locations. Limitations include short-
term follow-up and a nonuniform treatment approach.
Conclusions: Ureteroscopy for ureteral stones resulted in good stone-free rates with low
morbidity.
Patient summary: This study shows that patients who have ureteral stones can be treated
successfully with ureteroscopy with a low rate of complications for the patient.
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1. Introduction

The treatment objective for ureteral calculi is complete stone

clearance with low morbidity. Many factors must be

considered when selecting the optimal treatment, including

stone composition, location and size, patient characteristics,

technical know-how of the surgeon, and instrument avail-

ability. Ureteroscopy has traditionally been the preferred

approach for the treatment of mid- and distal ureteral stones,

while extracorporeal shock wave lithotripsy (ESWL) has been

recommended as first-line therapy for proximal ureteral

stones, which are considered less accessible endoscopically.

The development of smaller-calibre semirigid and flexible

ureteroscopes and the introduction of improved instrumen-

tation, including deflectable-tip endoscopes, ureteral access

sheaths, superior optics, and improved lasers and stone-

retrieval devices, have led to the development of uretero-

scopy as a safe and effective treatment option for ureteral

stones in all locations [1–5].

The Clinical Research Office of the Endourology Society

(CROES) initiated the Ureteroscopy Global Study to estab-

lish a prospective global database from which to examine

the worldwide use of ureteroscopy and to determine factors

affecting outcome. The current publication describes the

differences in ureteroscopic stone treatment and outcomes

for stones located in the distal, mid-, or proximal ureter or in

multiple locations.

2. Patients and methods

2.1. Study population

The Ureteroscopy Global Study was a prospective, observational,

international, multicentre study, with data collected on consecutive

patients treated with ureteroscopy over a 1-yr period at each participating

centre. The overall study period was from January 2010 to October 2012.

All participating centres obtained institutional review board (IRB) or

institutional ethics committee approval before the start of the study. If

IRB approval was not needed, the centres followed the protocol according

to good clinical practice guidelines. The database was censored for

inclusion in October 2012, and an audit was conducted in all participating

centres (133); 19 were excluded because they did not meet the audit

criteria.

Patients who were eligible for inclusion in the present analysis were

those who were candidates for ureteroscopy for ureteral stones as a

primary treatment or after failure of a previous treatment and were

�18 yr of age. No specific exclusion criteria were applied. Details of

treatment, including secondary treatment and patient follow-up, have

been previously described [6].

2.2. Assessment

Data were encrypted and collected electronically through a Web site

(http://www.croesoffice.org) and held in a central database at the CROES

office. Data included patient epidemiologic characteristics, calculus

specification, type of treatment, and postoperative outcomes and

complications. Stone burden was calculated as the sum of all stone

sizes (length � width � 0.25 � 3.14159). Centres were asked to treat

patients according to their local protocols. Treatment failure was defined

as stone still in situ, remaining stone fragments >1 mm, and failed

access. Treatment success was defined as a patient free of stones >1 mm.
Please cite this article in press as: Perez Castro E, et al. Difference
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Impacted stones were defined by the inability to pass a guide wire or

catheter on initial attempts. A bladder cramp was defined as a contraction

of the bladder (that can be accompanied with pain) that generates an

urge to urinate.

2.3. Statistical analysis

Statistical analysis to describe the patient’s general characteristics and

study outcomes was performed using IBM SPSS Statistics v.19 software

(IBM Corp., Armonk, NY, USA). To compare outcomes among the

different stone locations, gender differences, type of ureteroscopy, and

stent use, Pearson’s chi-square analysis was used for dichotomous or

categoric variables, and analysis of variance was used for continuous

variables. The level of statistical significance was set to p < 0.05. Not all

data were available for every patient. Percentages were calculated and

analyses performed on all available data.

3. Results

3.1. Patient characteristics

A total of 9681 patients received ureteroscopy treatment at

114 centres in 32 countries. For 126 patients, the stone

location was not specified, leaving data on 9555 patients

analysed according to stone location; 2656 (27.8%), 1980

(20.7%), 4479 (46.9%), and 440 (4.6%) for proximal, mid-,

distal, and multiple locations, respectively. The character-

istics of all treated patients for whom data were available

are shown in Table 1. The mean age and mean body mass

index were highest in the multiple location group. In

general, these patients were also more likely to have

comorbidities (cardiovascular disease and diabetes melli-

tus), have higher American Society of Anesthesiologists II

and III scores, and more likely to have undergone a previous

percutaneous nephrolithotomy, ESWL, ureteroscopy, or

pyelolithotomy treatment. The use of preoperative double-

J stents was least frequent in patients who had distal ureteral

stones. In the total group, a single-J stent or ureteral catheter

was used in 62 (0.6%) patients preoperatively.

3.2. Operating parameters

Operating parameters are shown in Table 2. The overall

mean operating time was 44.4 (standard deviation = 28.3)

min and was highest in patients who had multiple stones

(Table 2). Figure 1 indicates that operating time increased

with stone burden for all stone locations, but multiple

stones with a high stone burden were associated with a

relatively shorter operating time compared with midur-

eteral and proximal stones with the same burden.

Significant differences were observed for type of uretero-

scopy applied to the different stone locations ( p < 0.001).

For midureteral and distal stones, the semirigid technique

was predominantly used, whereas for proximal stones and

patients who had multiple stone locations, the flexible

technique or a combination of both techniques was applied

more often. This finding was similar for the type of access

used, with a guide wire being more commonly used in

midureteral and distal stones ( p < 0.001) and dilation more

frequently used in proximal stones ( p < 0.001). A flexible
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Table 1 – Baseline patient characteristics

Parameter All patients Ureteral stone location F or x2 statistic
( p value)*

Proximal Midureteral Distal Multiple

Age, mean yr (SD), median [range] 48.8 (15.2), 49

[18–97]

(n = 9681)

48.9 (15.3), 48

[18–96]

(n = 2656)

49.7 (15.4), 50

[18–90]

(n = 1980)

48.1 (15.1), 48

[18–97]

(n = 4479)

50.6 (13.8), 50

[19–83]

(n = 440)

7.5 ( p < 0.001)

Gender

Male, no. (%) 6412 (66.3) 1800 (67.8) 1280 (64.7) 2957 (66.1) 293 (66.6) NS

Female, no. (%) 3264 (33.7)

(n = 9676)

855 (32.2)

(n = 2655)

699 (35.3)

(n = 1979)

1519 (33.9)

(n = 4476)

147 (33.4)

(n = 440)

BMI, mean (SD), median [range] 26.7 (4.8), 26.3

[10.6–86.4]

(n = 8169)

26.8 (4.8), 26.3

[13.7–56.6]

(n = 2322)

26.9 (4.4), 26.6

[14.0–59.4]

(n = 1713)

26.6 (4.9), 26.1

[10.6–86.4]

(n = 3657)

27.4 (5.2), 26.8

[16.5–59.0]

(n = 369)

4.2 ( p < 0.01)

Comorbidity, no (%)

DM 1007 (10.5)

(n = 9611)

292 (11.1)

(n = 2635)

219 (11.2)

(n = 1964)

429 (9.6)

(n = 4448)

58 (13.2)

(n = 439)

8.7 ( p < 0.05)

CVD 2327 (24.2)

(n = 9596)

673 (25.6)

(n = 2630)

495 (25.2)

(n = 1961)

994 (22.4)

(n = 4444)

132 (30.3)

(n = 436)

20.8 ( p < 0.001)

Prednisone 73 (0.8)

(n = 9605)

17 (0.6)

(n = 2635)

13 (0.7)

(n = 1961)

36 (0.8)

(n = 4447)

5 (1.1)

(n = 437)

NS

Crohn disease 37 (0.4)

(n = 9602)

12 (0.5)

(n = 2633)

10 (0.5)

(n = 1961)

11 (0.2)

(n = 4446)

4 (0.9)

(n = 437)

NS

Anticoagulation 501 (5.2)

(n = 9605)

157 (6.0)

(n = 2632)

97 (4.9)

(n = 1961)

214 (4.8)

(n = 4449)

28 (6.4)

(n = 438)

NS

Previous calculus treatment, no. (%)**

PCNL 354 (3.7)

(n = 9624)

108 (4.1)

(n = 2639)

57 (2.9)

(n = 1967)

147 (3.3)

(n = 4457)

35 (8.0)

(n = 436)

30.0 ( p < 0.001)

ESWL 1689 (17.6)

(n = 9596)

458 (17.4)

(n = 2631)

323 (16.5)

(n = 1957)

745 (16.7)

(n = 4449)

127 (29.2)

(n = 435)

44.4 ( p < 0.001)

Ureterolithotomy 108 (1.1)

(n = 9621)

26 (1.0)

(n = 2641)

21 (1.1)

(n = 1965)

49 (1.1)

(n = 4454)

10 (2.3)

(n = 438)

NS

Ureteroscopy 1078 (11.2)

(n = 9619)

320 (12.1)

(n = 2639)

234 (11.9)

(n = 1969)

428 (9.6)

(n = 4452)

80 (18.3)

(n = 436)

37.0 ( p < 0.001)

Pyelolithotomy 118 (1.2)

(n = 9628)

37 (1.4)

(n = 2641)

12 (0.6)

(n = 1969)

56 (1.3)

(n = 4458)

10 (2.3)

(n = 437)

11.1 ( p < 0.05)

UPJ pyeloplasty 11 (0.1)

(n = 9621)

2 (0.1)

(n = 2637)

4 (0.2)

(n = 1966)

5 (0.1)

(n = 4458)

0 (0)

(n = 438)

NS

Preoperative double-J stent, no. (%) 1362 (14.1)

(n = 9651)

437 (16.5)

(n = 2645)

324 (16.4)

(n = 1971)

478 (10.7)

(n = 4472)

89 (20.3)

(n = 438)

78.2 ( p < 0.001)

ASA score, no. (%)

1 5181 (56.9) 1413 (56.3) 1032 (55.2) 2489 (58.9) 206 (50.1) 23.5 ( p < 0.01)

2 3130 (34.4) 878 (35.0) 664 (35.5) 1398 (33.1) 156 (38.0)

3 742 (8.2) 201 (8.0) 159 (8.5) 326 (7.7) 47 (11.4)

4 46 (0.5)

(n = 9099)

16 (0.6)

(n = 2508)

13 (0.7)

(n = 1868)

14 (0.3)

(n = 4227)

2 (0.5)

(n = 411)

ASA = American Society of Anesthesiologists; BMI = body mass index; CVD = cardiovascular disease; DM = diabetes mellitus; ESWL = extracorporeal shock wave

lithotripsy; NS = not significant; PCNL = percutaneous nephrolithotomy; SD = standard deviation; UPJ = ureteropelvic junction.
* The test compares the characteristics among the different stone locations.
** In the same renal unit.
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ureteroscope was available in 82 of the 114 centres. Laser was

available in 96, pneumatic fragmentation in 60, and both in

44 of the 114 centres.

In the total group, a single-J stent or ureteral catheter

was used in 1482 (15.3%) patients postoperatively, and a

double-J stent was used postoperatively in 65.3% (6229 of

9542) patients. Its use was least frequent in patients who

had distal ureteral stones (Table 2).

3.3. Efficacy

Postoperative outcomes are shown in Table 3. The stone-

free rate was significantly higher in patients who had distal

stones and lower in patients who had multiple locations

( p < 0.001). In line with this finding, the mean stone burden

was significantly higher in patients who had multiple
Please cite this article in press as: Perez Castro E, et al. Difference
Mid-, Proximal, or Multiple Ureteral Locations: The Clinical Resea
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locations ( p < 0.001). A subanalysis of stone-free rates

according to stone size (�10 mm or >10 mm) revealed

significantly lower stone-free rates with stones >10 mm

regardless of location ( p < 0.001). Stone impaction rates

were significantly lower in patients who had distal stones

( p < 0.001). The percentage stone-free rate was much higher

for patients who had multiple locations compared with the

other locations when stone burden was >500 mm2 (Fig. 2).

Conversely, the percentage stone-free rate was lowest for

patients who had multiple locations compared with the other

locations when stone burden was <300 mm2.

3.4. Complications

Intra- and postoperative complications are shown in Table 4.

Intraoperatively, the majority of treatments were uneventful
s in Ureteroscopic Stone Treatment and Outcomes for Distal,
rch Office of the Endourological Society Ureteroscopy Global
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Table 2 – Operating parameters according to ureteral stone location

Parameter Ureter stone location F or x2 statistic
(p value)*

Proximal Midureteral Distal Multiple

Type of ureteroscopy, no. (%)

Semirigid 1916 (72.1) 1766 (89.4) 4215 (94.1) 338 (76.8) 747 (p < 0.001)

Flexible 297 (11.2) 90 (4.6) 80 (1.8) 35 (8.0)

Both 435 (16.4)

(n = 2656)

116 (5.9)

(n = 1975)

176 (3.9)

(n = 4477)

63 (14.3)

(n = 440)

Access, no. (%)

Guide wire 1481 (55.8) 1443 (73.0) 3311 (74.0) 285 (64.9) 343 (p < 0.001)

Dilation (eg, balloon) 1072 (40.4) 471 (23.8) 941 (21.0) 129 (29.4)

None 101 (3.8)

(n = 2654)

62 (3.1)

(n = 1976)

221 (4.9)

(n = 4473)

25 (5.7)

(n = 439)

Fragmentation device, no. (%)

Laser 1611 (60.8) 763 (38.5) 1527 (34.3) 234 (53.3) 659 (p < 0.001)

Pneumatic 729 (27.5) 882 (44.8) 1755 (39.4) 146 (33.3)

Ultrasonic device 22 (0.8) 33 (1.7) 66 (1.5) 8 (1.8)

Electrohydraulic lithotripsy 4 (0.2) 6 (0.3) 10 (0.2) 3 (0.7)

All combinations 12 (0.5) 13 (0.7) 13 (0.3) 3 (0.7)

None 271 (10.2)

(n = 2649)

270 (13.7)

(n = 1967)

1087 (24.4)

(n = 4458)

45 (10.3)

(n = 439)

Operating time, min,

mean (SD), median [range]

46.0 (30.3),

40 [5–283]

(n = 2598)

42.6 (27.0),

35 [5–220]

(n = 1938)

42.2 (26.2),

35 [5–300]

(n = 4394)

62.6 (34.1),

60 [9–213]

(n = 434)

76.3 (p < 0.001)

Postoperative double-J

stent, no. (%)

2015 (75.9)

(n = 2654)

1442 (73.1)

(n = 1973)

2449 (54.7)

(n = 4475)

323 (73.4)

(n = 440)

416 (p < 0.001)

SD = standard deviation.
* The test compares the characteristics among the different stone locations.
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and significantly more so for patients who had distal stones

( p < 0.001). Significantly more operations failed in patients

who had proximal stones ( p < 0.001), and there was

significantly more bleeding during surgery in the multiple

locations group ( p < 0.05). Perforation was significantly

more likely to occur when the stone was located in the

midureter ( p < 0.05), and conversions were also more

common in this group ( p < 0.05). There is no significant

difference in perforation rates during the procedure between
Fig. 1 – Relationship between operating time and stone burden for the
total cohort and each ureteral stone location.
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patients treated with semirigid ureteroscopy (1% [84 of

8221]) and patients treated with flexible ureteroscopy (0.6%

[3 of 540]). Of the patients who had a perforation and a stone

in the midureter, 64% (62 of 97) had an impacted stone versus

36% (156 of 436) in the total group.

Significantly more patients with multiple locations

required retreatment ( p < 0.001). The postoperative com-

plication rate was significantly higher in patients who had

stones in multiple locations ( p < 0.05). Of the most

common complications reported, only bladder cramps

occurred more frequently in patients who had proximal

or multiple locations ( p < 0.05). An additional analysis on

preoperative stent use showed that patients who had had

any preoperative stent had a higher chance of bleeding

(27 of 1443 [1.9%]) during the surgery compared with

patients who did not (91 of 8202 [1.1%]; p < 0.05). There

were no differences between patients with and without a

preoperative stent for the other intraoperative complica-

tions. Patients had a significantly higher chance of being

readmitted within 3 mo if they had multiple locations

( p < 0.001).

3.5. Flexible versus semirigid ureteroscopy

A further analysis of patients who had proximal stones is

shown in Table 5. No differences were observed in stone

burden and stone-free rates in patients treated with

semirigid or flexible ureteroscopy; only in the midureter

group was the stone-free rate higher among patients

treated with semirigid ureteroscopy (90.2%) compared

with flexible ureteroscopy (80.9%). In patients who had

proximal stones, flexible ureteroscopy was used signifi-

cantly more often in case of impacted stones ( p < 0.01) than
s in Ureteroscopic Stone Treatment and Outcomes for Distal,
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Table 3 – Postoperative outcomes according to ureteral stone location and stone size

Parameter Ureter stone location F or x2 statistic
( p value)*

Proximal Midureteral Distal Multiple

Stone free, no. (%) 2206 (84.5)

(n = 2611)

1754 (89.4)

(n = 1963)

4189 (94.2)

(n = 4446)

331 (76.6)

(n = 432)

256 ( p < 0.001)

Stone-free rate for stone size subgroup, no.(%):

�10 mm 1460 (85.5)

(n = 1708)

1327 (90.8)

(n = 1462)

3277 (95.2)

(n = 3443)

204 (77.9)

(n = 262)

195 ( p < 0.001)

>10 mm 746 (82.6)

(n = 903)

427 (85.2)

(n = 501)

912 (90.9)

(n = 1003)

127 (74.7)

(n = 170)

46.6 ( p < 0.001)

Method of evaluation:

CT 402 (15.2) 160 (8.2) 302 (6.8) 66 (15.0) 153 ( p < 0.001)

Ultrasound 1397 (52.9) 1174 (59.8) 2256 (50.8) 215 (49.0) 47.9 ( p < 0.001)

X-ray/KUB 1271 (48.1) 928 (47.3) 2346 (52.8) 269 (61.3) 43.8 ( p < 0.001)

IVU 152 (5.8) 90 (4.6) 154 (3.5) 16 (3.6) 21.7 ( p < 0.001)

Retrograde pyelogram 54 (2.0) 56 (2.9) 84 (1.9) 7 (1.6) 6.9 ( p = 0.08)

Intraoperative confirmation 518 (19.6) 252 (12.8) 567 (12.8) 62 (14.1) 69.5 ( p < 0.001)

Other 17 (0.6) 12 (0.6) 36 (0.8) 6 (1.4) 3.4 ( p = 0.34)

None 85 (3.2)

(n = 2640)

70 (3.6)

(n = 1963)

270 (6.1)

(n = 4441)

11 (2.5)

(n = 439)

42.8 ( p < 0.001)

Stone burden, mm2, mean (SD)** 80.6 (78.9)

(n = 2576)

74.1 (73.1)

(n = 1905)

66.6 (76.6)

(n = 4327)

147.9 (128.3)

(n = 422)

138 ( p < 0.001)

Stone impaction, no. (%) 856 (32.6)

(n = 2629)

669 (34.1)

(n = 1962)

1293 (29.2)

(n = 4435)

156 (35.8)

(n = 436)

22.5 ( p < 0.001)

CT = computed tomography; IVU = intravenous urography; KUB = kidneys, ureters, bladder; SD = standard deviation.
* The test compares the characteristics among the different stone locations.
** Stone burden was calculated as the sum of all stone sizes (length � width � 0.25 � 3.14159).
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semirigid ureteroscopy; this effect was also true for

midureter ( p < 0.05) and multiple ureter stones ( p < 0.05).

Also, in patients who had proximal stones, significantly fewer

patients failed treatment ( p < 0.05) or required retreatment

( p < 0.01) with flexible ureteroscopy; the latter was also true

for patients who had multiple ureter stones ( p < 0.05).

Among patients who had multiple ureter stones, more

patients treated with semirigid ureteroscopy (93.5%) had

an uneventful procedure than those treated with flexible
Fig. 2 – Relationship between stone-free rate and stone burden for the
total cohort and each ureteral stone location.
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ureteroscopy (80%). No significant differences were observed

for postoperative complication rates or readmission rates

between semirigid and flexible ureteroscopy.

4. Discussion

The majority of patients in the Ureteroscopy Global Study

had single stones in the proximal, mid-, or distal ureter

(95.4%), while approximately 5% of patients had stones in

multiple ureteral locations. In patients who had a low stone

burden (�400 mm2), operating time was longer for patients

who had multiple locations than for those who had single

stones in any of the other locations. As stone burden

increased, operating times changed such that times for

multiple location patients were lower than for proximal and

midureteral stone locations but equivalent to distal ureteral

stones. With higher stone burdens, it was likely that

multiple stones in several locations were smaller and less

challenging to reach, whereas proximal and midureter

stones might have been larger and more difficult to reach,

making operating times longer for the equivalent stone

burden. This observation has not been reported previously

in the literature. Furthermore, patients who have multiple

stones often have complex recurrent stone disease and have

previously undergone other treatment modalities such as

ESWL [7].

In the large majority of procedures for all stone locations,

semirigid ureteroscopy was used. Only for proximal stones

was the proportion of treatments in favour of semirigid

ureteroscopy lower than for other locations. However, in

the subanalysis of proximal stones, stone-free rates with

semirigid and flexible ureteroscopes were not significantly

different (83.8% vs 85.5%), although compared with flexible
s in Ureteroscopic Stone Treatment and Outcomes for Distal,
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Table 4 – Intra- and postoperative complications

Parameter Ureter stone location F or x2 statistic
( p value)*

Proximal Midureteral Distal Multiple

Intraoperative complication, no. (%)*

Uneventful 2458 (92.6) 1838 (93.0) 4306 (96.2) 406 (92.3) 56.1 ( p < 0.001)

Failed 75 (2.8) 37 (1.9) 33 (0.7) 3 (0.7) 51.1 ( p < 0.001)

Bleeding 24 (0.9) 25 (1.3) 56 (1.3) 11 (2.5) 8.2 ( p < 0.05)

Perforation 29 (1.1) 31 (1.6) 31 (0.7) 5 (1.1) 11.0 ( p < 0.05)

Other 48 (1.8) 29 (1.5) 34 (0.8) 5 (1.1) 16.6 ( p < 0.01)

Converted 3 (0.1) 5 (0.3) 1 (0) 0 (0) 8.3 ( p < 0.05)

Avulsion 2 (0.1)

(n = 2655)

5 (0.3)

(n = 1976)

4 (0.1)

(n = 4474)

1 (0.2)

(n = 440)

NS

Retreatment, no. (%) 319 (12.0)

(n = 2653)

183 (9.3)

(n = 1977)

229 (5.1)

(n = 4473)

80 (18.2)

(n = 439)

163 ( p < 0.001)

Postoperative complication, no. (%) 80 (3.0)

(n = 2644)

49 (2.5)

(n = 1972)

107 (2.4)

(n = 4467)

20 (4.6)

(n = 439)

8.8 ( p < 0.05)

Type of postoperative complication, no. (%)

Bleeding 12 (0.5) 7 (0.4) 15 (0.3) 2 (0.5) NS

Fever 35 (1.3) 30 (1.5) 59 (1.3) 13 (3.0) NS

UTI 16 (0.6) 19 (1.0) 27 (0.6) 8 (1.8) NS

Bladder cramps 18 (0.7) 6 (0.3) 7 (0.2) 3 (0.7) 7.9 ( p < 0.05)

Lung embolism 0 (0) 0 (0) 1 (0) 0 (0) NS

CVA 0 (0) 1 (0.1) 0 (0) 0 (0) NS

Sepsis 3 (0.1) 7 (0.4) 6 (0.1) 2 (0.5) NS

Acute MI 1 (0) 0 (0) 0 (0) 0 (0) NS

Other 21 (0.8) 9 (0.5) 32 (0.7) 4 (0.9) NS

Blood transfusion, no. (%) 5 (0.2) 6 (0.3) 7 (0.2) 3 (0.7) NS

Mean no. of units 1.4

(n = 2650)

2.2

(n = 1976)

2.6

(n = 4469)

1

(n = 439)

Readmission <3 mo, no. (%) 208 (8.2)

(n = 2536)

155 (8.3)

(n = 1868)

285 (6.7)

(n = 4245)

58 (13.8)

(n = 421)

29.1 ( p < 0.001)

Cause of readmission <3 mo, no. (%)

Ureter obstruction 12 (0.5) 15 (0.8) 17 (0.4) 4 (1.0) NS

Ureteral stricture 9 (0.4) 6 (0.3) 14 (0.3) 0 (0) NS

Ureteral stent discomfort 26 (1.0) 26 (1.4) 28 (0.7) 6 (1.4) NS

Flank pain 29 (1.1) 24 (1.3) 30 (0.7) 6 (1.4) NS

Bleeding 4 (0.2) 4 (0.2) 6 (0.1) 2 (0.5) NS

Sepsis 8 (0.3) 11 (0.6) 11 (0.3) 2 (0.5) NS

Other 128 (5.0) 89 (4.8) 202 (4.8) 41 (9.7) 9.8 ( p < 0.05)

Residual stones 27 (1.1) 18 (1.0) 13 (0.3) 13 (3.1)

Removal stent 21 (0.8) 28 (1.5) 91 (2.1) 7 (1.7)

Fever 5 (0.2) 1 (0.1) 2 (0) 0 (0)

UTI 4 (0.2) 0 (0) 4 (0.1) 0 (0)

Retreatment 53 (2.1) 25 (1.3) 52 (1.2) 17 (4.0)

Other 18 (0.7) 17 (1.0) 40 (0.9) 4 (1.0)

CVA = cerebrovascular accident; MI = myocardial infarction; NS = not significant; UTI = urinary tract infection.
* The test compares the characteristics among the different stone locations.
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ureteroscopy, significantly more procedures failed with the

semirigid ureteroscope and more patients needed retreat-

ment. This finding is in contrast to data reported in the 2007

American Urological Association (AUA) Guidelines on the

Management of Ureteral Calculi, which suggest that flexible

ureteroscopy is responsible for improved access to the

proximal ureter, and superior stone-free rates are achieved

using flexible ureteroscopy (87%) than with rigid or

semirigid ureteroscopes (77%) [8].

The stone-free rate reported in the present study was

highest in distal stones (94.2%), followed by midureteral

stones (89.4%), proximal stones (84.5%), and multiple

locations (76.6%), but patients who had proximal and

multiple ureter stones were more often evaluated with

computed tomography than those who had mid- and distal

ureter stones, which may have caused an overestimation of

the stone-free rate in the latter groups. A subanalysis of
Please cite this article in press as: Perez Castro E, et al. Difference
Mid-, Proximal, or Multiple Ureteral Locations: The Clinical Resea
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stone-free rates according to stone size (�10 mm or

>10 mm) revealed that the findings in the present study

population were in line with the updated meta-analysis of

the European Association of Urology (EAU)/AUA Collabora-

tive Guidelines Project (Table 6) [8,9].

The comparative outcome of ESWL and ureteroscopy for

treating mid- and distal ureter stones was reported by

Bierkens et al in a retrospective study [10]. Stone-free rates

for ESWL were 90% and 81% for midureteral (n = 19) and

distal stones (n = 44), respectively, compared with uretero-

scopy, which was 96% and 99% for midureteral (n = 25) and

distal stones (n = 80), respectively.

More than 92% of procedures were not associated with

any intraoperative complications; for distal stones, this

outcome rose to 96.2%. Intraoperatively, ureteral perfora-

tion is reportedly the most common complication of

ureteroscopy. The perforation rate in the current study
s in Ureteroscopic Stone Treatment and Outcomes for Distal,
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Table 5 – Intra- and postoperative outcomes for patients who had stones located in the proximal ureter

Parameter Type of ureteroscopy F or x2 statistic
( p value)

Semirigid Flexible

Stone free, no. (%) 1592 (83.8)

(n = 1899)

235 (85.5)

(n = 275)

NS

Stone burden, mm2, mean (SD)* 81.7 (78.9)

(n = 1894)

82.2 (78.2)

(n = 250)

NS

Stone impaction, no. (%) 557 (29.3)

(n = 1904)

111 (38.5)

(n = 288)

10.2 ( p < 0.01)

Intraoperative complication, no. (%)

Uneventful 1765 (92.2) 281 (94.6) NS

Failed 62 (3.2) 3 (1.0) 4.5 ( p < 0.05)

Bleeding 16 (0.8) 4 (1.3) NS

Perforation 23 (1.2) 2 (0.7) NS

Other 29 (1.5) 4 (1.3) NS

Converted 2 (0.1) 1 (0.3) NS

Avulsion 2 (0.1)

(n = 1915)

0 (0)

(n = 297)

NS

Retreatment, no. (%) 260 (13.6)

(n = 1913)

23 (7.7)

(n = 297)

7.9 ( p < 0.01)

Postoperative complication, no. (%) 41 (2.1)

(n = 1911)

11 (3.8)

(n = 293)

NS

Readmission <3 mo, no. (%) 141 (7.7)

(n = 1832)

19 (7.0)

(n = 272)

NS

NS = not significant; SD = standard deviation.
* Stone burden was calculated as the sum of all stone sizes (length � width � 0.25 � 3.14159).
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was 0.7–1.6%, depending on stone location. In the mid-

ureter, where the perforation rate was highest, 64% of the

stones were impacted among patients who had a perfora-

tion compared with 36% in the total midureter group,

suggesting that an impacted stone in the midureter causes a

perforation. Schuster et al reported intraoperative perfora-

tion rates in patients who had ureteral stones treated with

semirigid or flexible ureteroscopy at a single institute [11].

Rates of 6.3% (6 of 95 patients) and 4.2% (5 of 119 patients)

occurred for proximal and distal stones, respectively. Rates

have been reduced with the introduction of small-calibre

ureteroscopes [12]. The bleeding rate in the current study

was 0.9–2.5%, depending on stone location. Bleeding
Table 6 – Comparative stone-free rates between the Ureteroscopy
Global Study population and those reported in an update of the
European Association of Urology/American Urological Association
Collaborative Guidelines Project [8,9]

Ureteroscopy
Global Study

stone-free rate, %

EAU/AUA
Guidelines*

stone-free
rate,%, median (CI)

Distal ureter overall size 94 93 (93–94)

�10 mm 95 97 (96–98)

>10 mm 91 93 (91–95)

Midureter overall size 89 87 (85–89)

�10 mm 91 93 (88–98)

>10 mm 85 79 (71–87)

Proximal ureter overall size 85 82 (81–84)

�10 mm 86 84 (80–88)

>10 mm 83 81 (77–85)

CI = 95% Bayesian credible intervals; EAU = European Association of

Urology; AUA = American Urological Association.
* In a few publications, the group assignment of precisely 10-mm stones

was imprecise.
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associated with ureteroscopy is usually minor and self-

limited and can result from trauma to the ureteral orifice

during ureteroscope passage or mucosal injury or abrasion

during stone fragmentation or manipulation. Grasso

reported a 0.8% and 0.2% rate of minor and prolonged

bleeding, respectively, in a series of 1000 ureteroscopic

procedures performed for various indications [13].

Although rare, one of the most serious complications of

ureteroscopy is complete ureteral avulsion. Partial ureteral

avulsion can also occur, requiring the placement of a stent

for a period of weeks. The avulsion rate in the current study

was �0.3%, which is in line with the 0.3% rate published in a

review of series conducted between 1984 and 1992 [14],

while a more recent review of series from 1992 to 1998

reported a 0% rate [15]. The failure rate in the current study

was 0.7–2.8%, depending on stone location. Unfortunately,

the inability to access a ureteral stone was not captured in

the database, but a possible reason for the inability to access

a stone might be a tight ureter ostium or a narrow and

fragile ureter.

Postoperative complications occurred in �3.5–4.6% of

patients and varied according to location, with the highest

rate reported for multiple locations. The most common

postoperative complication was fever, with a rate of 1.3–3.0%,

followed by urinary tract infection (UTI) at 0.6–1.8% and

bladder cramps at 0.2–0.7%. No differences in intra- or

postoperative complications between the two types of

ureteroscopy in the treatment of proximal stones were

reported for semirigid and flexible ureteroscopes, respectively.

Rates of reoperation or need for ancillary procedures

within 3 mo ranged from 6.7% to 13.8% and were highest in

the multiple location group. The reasons for readmission

varied. One of the more common causes was readmission

for stent removal, which was required in 0.8–2.1% of
s in Ureteroscopic Stone Treatment and Outcomes for Distal,
rch Office of the Endourological Society Ureteroscopy Global

1.011

http://dx.doi.org/10.1016/j.eururo.2014.01.011


E U R O P E A N U R O L O G Y X X X ( 2 0 1 4 ) X X X – X X X8

EURURO-5491; No. of Pages 8
patients; the rate was highest in the distal ureter group. Low

rates of fever or UTI as a cause for readmission were

reported. The 2012 EAU guidelines on urolithiasis state that

routine stenting is no longer necessary before ureteroscopy,

although prestenting facilitates ureteroscopic management

of stones, improves the stone-free rate, and reduces

complications [9,16,17]. In addition, several randomised

studies report that routine stenting after uncomplicated

ureteroscopy (complete stone removal) is no longer

necessary [9,18]. For those patients at increased risk of

complications (eg, residual fragments, bleeding, perfora-

tion, UTI, pregnancy), stents should be inserted [9].

The limitations of our study include that stone density,

Hounsfield unit, and stone analysis were not recorded;

long-term follow-up data were not collected; and there was

no uniform treatment approach. The strengths of the study

are the inclusion of consecutively treated patients over a

short time frame. The ability to capture this large data set

from patients treated around the world provides important

insights into outcomes from a variety of practices—low- and

high-volume centres as well as community and teaching

hospitals with a range of technologic sophistication. These

study results provide a real-world glimpse into the impact

and outcomes of ureteroscopy for the treatment of ureteral

stones across the globe.

5. Conclusions

Ureteroscopy for ureteral stones achieves good stone-free

rates with low morbidity. Ureteral stone location has an

impact on outcome, with lower stone-free rates and more

postoperative complications reported in patients who have

multiple stone locations.
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