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Glenn M. Preminger *, Hans-Göran Tiselius *, Dean G. Assimos, Peter Alken,
A. Colin Buck, Michele Gallucci, Thomas Knoll, James E. Lingeman, Stephen Y. Nakada,
Margaret Sue Pearle, Kemal Sarica, Christian Türk, J. Stuart Wolf Jr.
From the American Urological Association Education and Research, Inc. and the European Association of Urology

Article info
Keywords:
Shock-wave lithotripsy
Ureteroscopy
Medical expulsive therapy
Practice guideline

§

This document is being printed as submitted without editorial review. The complete main
report is available at http://www.auanet.org/guidelines/ and http://www.uroweb.org/
professional-resources/guidelines/.
* Corresponding authors. G.M. Preminger: Duke University Medical Center, Division of
Urologic Surgery, DUMC 3167, Room 1572D, White Zone, Duke South, Durham, NC 27710,
United States. E-mail: glenn.preminger@duke.edu. H.-G. Tiselius: Department of Urology,
Karolinska University Hospital, Huddinge and Division of Urology, Karolinska Institutet,
Stockholm, Sweden. E-mail: Hans.Tiselius@karolinska.se.

Introduction
The American Urological Association Nephrolithiasis
Clinical Guideline Panel was established in 1991.
Since that time, the Panel has developed three
guidelines on the management of nephrolithiasis,
the most recent being a 2005 update of the original
1994 Report on the Management of Staghorn Calculi [1].
The European Association of Urology began their
nephrolithiasis guideline project in 2000, yielding the
publication of Guidelines on Urolithiasis, with updates
in 2001 and 2006 [2]. While both documents provide
useful recommendations on the management of
ureteral calculi, changes in shock-wave lithotripsy
technology, endoscope design, intracorporeal lithotripsy techniques, and laparoscopic expertise have
burgeoned over the past five to ten years.
Under the sage leadership of the late Dr. Joseph W.
Segura, the AUA Practice Guidelines Committee
suggested to both the AUA and the EAU that they
join efforts in developing the first set of internationally endorsed guidelines focusing on the changes
introduced in ureteral stone management over the

last decade. We therefore dedicate this report to the
memory of Dr. Joseph W. Segura whose vision,
integrity, and perseverance led to the establishment
of the first international guideline project.
This joint EAU/AUA Nephrolithiasis Guideline
Panel (hereinafter the Panel) performed a systematic
review of the English language literature published
since 1997 and a comprehensively analyzed outcomes data from the identified studies.
Based on their findings, the Panel concluded that
when removal becomes necessary, SWL and ureteroscopy remain the two primary treatment
modalities for the management of symptomatic
ureteral calculi. Other treatments were reviewed,
including medical expulsive therapy to facilitate
spontaneous stone passage, percutaneous antegrade ureteroscopy, and laparoscopic and open
surgical ureterolithotomy. In concurrence with the
previously published guidelines of both organizations, open stone surgery is still considered a
secondary treatment option. Blind basketing of
ureteral calculi is not recommended. In addition,
the Panel was able to provide some guidance

0302-2838/$ – see back matter # 2007 American Urological Association Education and Research, Inc.1 and
European Association of Urology1. Published by Elsevier B.V. All rights reserved.

doi:10.1016/j.eururo.2007.09.039

european urology 52 (2007) 1610–1631

regarding the management of pediatric patients
with ureteral calculi. The Panel recognizes that
some of the treatment modalities or procedures
recommended in this document require access
to modern equipment or presupposes a level of
training and expertise not available to practitioners
in many clinical centers. Those situations may
require physicians and patients to resort to treatment alternatives.
This article will be published simultaneously in
European Urology and The Journal of Urology1. The
Panel believes that future collaboration between
the EAU and the AUA will serve to establish other
internationally approved guidelines, offering physician and patient guidance worldwide.

Methodology
The Panel initially discussed the scope of the guideline and the methodology, which would be similar to
that used in developing the previous AUA guideline.
All treatments commonly employed in the United
States and/or Europe were included in this report
except for those that were explicitly excluded in the
previous guideline or newer treatments for which
insufficient literature existed. In the analysis,
patient data were stratified by age (adult versus
child), stone size, stone location, and stone composition. Later, however, the data were found to be
insufficient to allow analysis by composition. The
outcomes deemed by the Panel to be of particular
interest to the patient included the following:
stone-free rate, number of procedures performed,
stone-passage rate or probability of spontaneous
passage, and complications of treatment. The
Panel did not examine economic effects, including
treatment costs.
Outcomes were stratified by stone location
(proximal, mid, and distal ureter) and by stone size
(dichotomized as 10 mm and >10 mm for surgical
interventions, and 5 mm and >5 mm for medical
interventions and observation where possible;
exceptions were made when data were reported,
for example as <10 mm and 10 mm). The mid
ureter is the part of the ureter that overlies the bony
pelvis, i.e., the position of the ureter that corresponds to the sacroiliac joint; the proximal ureter is
above and the distal ureter is below. Treatments
were divided into three broad groups:
1. Observation and medical therapy
2. Shock-wave lithotripsy and ureteroscopy
3. Open surgery, laparoscopic stone removal, or
percutaneous antegrade ureteroscopy.
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The review of the evidence began with a literature
search and data extraction. Articles were selected
from a database of papers derived from MEDLINE1
searches dealing with all forms of urinary tract
stones. This database was maintained by a Panel
chair. The abstract of each paper was independently
reviewed by an American and a European Panel
member, and articles were selected for data
extraction if any panel member felt it might have
useful data. Additional articles were suggested by
Panel members or found as references in review
articles. In total, 348 citations entered the extraction process. An American and a European Panel
member each independently extracted data from
each article onto a standardized form. The team
members reconciled the extractions, and the data
were entered into a Microsoft Access1 (Microsoft,
Redmond, WA) database. The Panel scrutinized the
entries, reconciled the inconsistencies in recording,
corrected the extraction errors, and excluded
some articles from further analysis for the following reasons:
1. The article was included in the previous guideline.
2. The article did not provide usable data on the
outcomes of interest.
3. Results for patients with ureteral stones could not
be separated from results for those with renal
stones.
4. The treatments used were not current or were not
the focus of the analysis.
5. The article was a review article of data reported
elsewhere.
6. The article dealt only with salvage therapy.
A total of 244 of the 348 articles initially selected
had extractable data. Articles excluded from evidence combination remained candidates for discussion in the text of the guideline.
The goal was to generate outcomes tables
comparing estimates of outcomes across treatment
modalities. To generate an outcomes table, estimates of the probabilities and/or magnitudes of the
outcomes are required for each intervention. Ideally,
these are derived from a synthesis or combination of
the evidence. Such a combination can be performed
in a variety of ways depending on the nature and
quality of the evidence. For this report, the Panel
elected to use the Confidence Profile Method [3],
which provides methods for analyzing data from
studies that are not randomized controlled trials.
The Fast*Pro computer software [4] was used in the
analysis. This program provides posterior distributions from meta-analyses from which the median
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can be used as a best estimate, and the central 95%
of the distribution serves as a confidence interval.
Statistical significance at the p < 0.05 level (twotailed) was inferred when zero was not included in
the CI.
Because of the paucity of controlled trials found
on literature review, however, the outcome for each
intervention was estimated by combining single
arms from various clinical series. These clinical
series frequently had very different outcomes, likely
due to a combination of site-to-site variations in
patient populations, in the performance of the
intervention, in the skill of those performing the
intervention, and different methods of determining
stone-free status. Given these differences, a random-effects, or hierarchical, model was used to
combine the studies.
Evidence from the studies meeting the inclusion
criteria and reporting a given outcome was combined within each treatment modality. Graphs
showing the results for each modality were developed to demonstrate similarities and differences
between treatments.
The available data for procedures per patient
would not permit a statistical analysis using these
techniques. Unlike the binary outcome of stone-free
status (the patient either is or is not stone free), the
number of procedures per patient is a discrete rate.
In some cases discrete rates can be approximated
with a continuous rate, but in order to meta-analyze
continuous rates, a measure of variance (e.g.,
standard deviation, standard error) is needed in
addition to the mean. Unfortunately, measures of
variance were rarely reported in the studies
reviewed. As a result, numbers of procedures per
patient were evaluated by calculating the average
across studies weighted by the number of patients in
each study. Procedures per patient were counted in
three totals: primary procedures, secondary procedures, and adjunctive procedures. Primary procedures were all consecutive procedures of the same
type aimed at removing the stone. Secondary
procedures were all other procedures used to
remove the stone. Adjunctive procedures were
defined as additional procedures that do not involve
active stone removal. One difficulty in estimating
the total number of procedures per patient is that
secondary and adjunctive procedures were not
reported consistently. Since the Panel had decided
to analyze primary, secondary, and adjunctive
procedures separately, only studies that specifically
reported data on a type of procedure were included
in estimates for that procedure type. This approach
may have overestimated numbers of secondary
and adjunctive procedures because some articles

may not have reported that procedures were not
performed.
It is important to note that, for certain outcomes,
more data were reported for one or another
treatment modality. While resulting CIs reflect
available data, the probabilities for certain outcomes
can vary widely within one treatment modality. In
addition, the fact that data from only a few RCTs
could be evaluated may have somewhat biased
results. For example, differences in patient selection
may have had more weight in analyses than
differing treatment effects. Nevertheless, the results
obtained reflect the best outcome estimates presently available.
Studies that reported numbers of patients who
were stone free after primary procedures were
included in the stone-free analysis. Studies that
reported only the combined number of patients who
either were stone free or had ‘‘clinically insignificant
fragments’’ were excluded. Many studies did not
indicate how or when stone-free status was determined. The stone-free rate was considered at
three time points: after the first procedure, after
all consecutive procedures using the primary treatment, and after the total treatments.
Initially, the Panel divided complications into
three broad categories: acute, long-term, and
medical; however, after examining the available
evidence, the Panel determined that this breakdown was not useful. Several factors caused
inaccuracy in the estimates, but did so in opposite
directions, thereby reducing the magnitude of
inaccuracy. For example, including studies that
did not specifically mention that there were no
occurrences of a specific complication may have
led to overestimates of complication rates when
meta-analyzed. By combining similar complications, the Panel also potentially mitigated the
overestimate by making it more likely that a
complication in the class was reported. The probability that a patient will have a complication may
still be overstated slightly because some patients
experienced multiple complications. Since the
grouping of complications varies by study, the
result of the meta-analysis is best interpreted as the
mean number of complications that a patient may
experience rather than as the probability of having
a complication. Moreover, since reporting of complications is not consistent, the estimated rates
given here are probably less accurate than the
CIs would indicate. There were insufficient data
to permit meaningful meta-analyses of patient
deaths.
Data analyses were conducted for two age groups.
One analysis included studies of patients ages 18 or
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younger (or identified as pediatric patients in the
article without specifying age ranges). The adult
analysis included all other studies even if children
were included.
After the evidence was combined and outcome
tables were produced, the Panel met to review the
results and identify anomalies. From the evidence in
the outcome tables and expert opinion, the Panel
drafted the treatment guidelines.
In this guideline the standard, recommendations, and options given were rated according to
the levels of evidence published from the U.S.
Department of Health and Human Services, Public
Health Service, Agency for Health Care Policy and
Research [5]:
Ia. Evidence obtained from meta-analysis of randomized trials
Ib. Evidence obtained from at least one randomized
trial
IIa. Evidence obtained from at least one welldesigned controlled study without randomization
IIb. Evidence obtained from at least one other type
of well-designed quasi-experimental study
III. Evidence obtained from well-designed nonexperimental studies, such as comparative studies, correlation studies, and case reports
IV. Evidence obtained from expert committee
reports, or opinions, or clinical experience of
respected authorities
As in the previous AUA guideline, the present
statements are graded with respect to the degree of
flexibility in application. Although the terminology
has changed slightly, from the original AUA reports,
the current three levels are essentially the same. A
‘‘standard’’ is the most rigid treatment policy. A
‘‘recommendation’’ has significantly less rigidity,
and an ‘‘option’’ has the largest amount of flexibility.
These terms are defined as follows:
1. Standard: A guideline statement is a standard if:
(1) the health outcomes of the alternative interventions are sufficiently well known to permit
meaningful decisions, and (2) there is virtual
unanimity about which intervention is preferred.
2. Recommendation: A guideline statement is a
recommendation if: (1) the health outcomes of
the alternative interventions are sufficiently well
known to permit meaningful decisions, and (2) an
appreciable, but not unanimous majority agrees
on which intervention is preferred.
3. Option: A guideline statement is an option if: (1)
the health outcomes of the interventions are not
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sufficiently well known to permit meaningful
decisions, or (2) preferences are unknown or
equivocal.
The draft was sent to 81 peer reviewers of
whom 26 provided comments; the Panel revised
the document based on the comments received.
The guideline was submitted first for approval to
the Practice Guidelines Committee of the AUA and
the Guidelines Office of the EAU and then forwarded to the AUA Board of Directors and the EAU
Executive Board for final approval.
The guideline is posted on the American Urological Association website, www.auanet.org, and on
the European Association of Urology website,
www.uroweb.org. Chapter 1 will be published in
The Journal of Urology and in European Urology.

Results of the Outcomes Analysis
The results of the analysis described in this chapter
provide most of the evidentiary basis for the guideline statements. Further details and tables corresponding to the figures in this section are found in
Chapter 3 and the Appendixes.
The panel’s attempt to differentiate results for
pediatric patients from those for adults was not
completely successful as most studies included both
adults and children. Where possible, the panel
performed two analyses, one including all studies
regardless of patient age, and a second including
only those studies or groups of patients that were
comprised entirely of pediatric patients.
Observation and Medical Therapies
Stone-passage rates

Only limited data were found on the topic of
spontaneous passage by stone size. For stones
5 mm, meta-analysis of five patient groups (224
patients) yielded an estimate that 68% would pass
spontaneously (95% CI: 46% to 85%). For stones
>5 mm and 10 mm, analysis of three groups (104
patients) yielded an estimate that 47% would pass
spontaneously (95% CI: 36% to 59%). Details of the
meta-analysis are presented in Appendixes 8 and 9.
Two medical therapies had sufficient analyzable
data: the calcium channel blocker nifedipine and
alpha-receptor antagonists. Analyses of stone-passage rates were done in three ways. The first
combined all single arms evaluating the therapies.
Using this approach, meta-analysis of four studies of
nifedipine (160 patients) yielded an estimate of a
75% passage rate (95% CI: 63% to 84%). Six studies
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examined alpha blockers (280 patients); the metaanalysis yielded a stone-passage rate of 81% (95% CI:
72% to 88%).
The second method was a standard Bayesian
hierarchical meta-analysis of the available RCTs
that compared either nifedipine or alpha blockers to
control therapies. The results for nifedipine showed
an absolute increase of 9% in stone-passage rates
(95% CI: 7% to 25%), which was not statistically
significant. Meta-analysis of alpha blockers versus
control showed an absolute increase of 29% in the
stone-passage rate (95% CI: 20% to 37%), which was
statistically significant.
The Panel also attempted to determine whether
alpha blockers provide superior stone passage
when compared to nifedipine. Two randomized
controlled trials were identified. When hierarchical meta-analysis was performed on these two
studies, tamsulosin provided an absolute increase
in stone-passage rate of 14% (95% CI: 4% to 32%)
which was not statistically significant. When
nonhierarchical methods were used, the stonepassage improvement increased to 16% (95% CI: 7%
to 26%) which was statistically significant. Finally,
the Panel used the results of the meta-analyses
versus controls (second method above) to determine the difference between alpha blockers and
calcium channel blockers. This method allows
the use of more data but is risky since it depends
on the control groups having comparable results.
The analysis yielded a 20% improvement in
stone-passage rates with alpha blockers, and
the 95% CI of 1% to 37% just reached statistical
significance.
Shock-wave Lithotripsy and Ureteroscopy

Stone-free rates were analyzed for a number of
variant methods of performing SWL and URS. The
Panel attempted to differentiate between bypass,
pushback, and in situ SWL as well as differences
between lithotripters. Most differences were minimal and did not reach statistical significance. For
that reason, the data presented in this Chapter
compare the meta-analysis of all forms of SWL to
the meta-analysis of all forms of URS. The Panel also
attempted to differentiate between flexible and rigid
ureteroscopes. Details of the breakdowns by type of
SWL and URS are given in Chapter 3. Data were
analyzed for both efficacy and complications. Two
efficacy outcomes were analyzed: stone-free rate
and procedure counts. Complications were grouped
into classes. The most important classes are
reported herein. The full complication results are
in Appendix 10.

Analyses were performed for the following
patient groups where data were available.
1.
2.
3.
4.
5.
6.
7.
8.
9.

Proximal stones 10 mm
Proximal stones >10 mm
Proximal stones regardless of size
Mid-ureteral stones 10 mm
Mid-ureteral stones >10 mm
Mid-ureteral stones regardless of size
Distal stones 10 mm
Distal stones >10 mm
Distal stones regardless of size

Analyses of pediatric groups were attempted for
the same nine groups, although data were lacking
for many groups.
Efficacy Outcomes
Stone-free rates

The Panel decided to analyze a single stone-free
rate. If the study reported the stone-free rate after all
primary procedures, that number was used. If not
and the study reported the stone-free rate after the
first procedure, then that number was used. The
intention of the Panel was to provide an estimate of
the number of primary procedures and the stonefree rate after those procedures. There is a lack of
uniformity in the literature in reporting the time to
stone-free status, thereby limiting the ability to
comment on the timing of this parameter.
The results of the meta-analysis of stone-free
data are presented for the overall group in Table 1
and Fig. 1. The results are presented as medians of
the posterior distribution (best central estimate)
with 95% credible intervals (Bayesian confidence
intervals).
This analysis shows that overall, for stones in the
proximal ureter (n = 8,670), there was no difference
in stone-free rates between SWL and URS. However,
for proximal ureteral stones <10 mm (n = 1,129),
SWL had a higher stone-free rate than URS, and for
stones >10 mm (n = 523), URS had superior stonefree rates. This difference arises because the stonefree rate for proximal ureteral stones treated with
URS did not vary significantly with size, whereas the
stone-free rate following SWL negatively correlated
with stone size. For all distal stones, URS yields
better stone-free rates overall and in both size
categories. For all mid-ureteral stones, URS appears
superior, but the small number of patients may have
prevented results from reaching statistical significance.
Unfortunately, RCTs comparing these treatments
were generally lacking, making an accurate assess-
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Table 1 – Stone-Free Rates for SWL and URS in the Overall Population
Overall Population

AUA/EAU Ureteral Stones Guideline Panel
Stone Free Rate - Primary Treatments or First Treatment
SWL
G/P

Distal Ureter
Distal ureter < 10 mm
Distal ureter > 10 mm

Mid Ureter
Mid ureter < 10 mm
Mid ureter > 10 mm

Proximal Ureter
Proximal ureter < 10 mm
Proximal ureter > 10 mm

URS
Med/95% CI

G/P

Med/95% CI

50
6981
17
1684
10
966

74%
(73–75)%
86%
(80–91)%
74%
(57–87)%

59
5952
13
1622
8
412

94%
(93–95)%
97%
(96–98)%
93%
(88–96)%

31
1607
5
44
2
15

73%
(66–79)%
84%
(65–95)%
76%
(36–97)%

30
1024
5
80
5
73

86%
(81–89)%
91%
(81–96)%
78%
(61–90)%

41
6428
14
886
11
293

82%
(79–85)%
90%
(85–93)%
68%
(55–79)%

46
2242
9
243
8
230

81%
(77–85)%
80%
(73–85)%
79%
(71–87)%

G = Number of Groups/Treatment arms extracted; P = Number of Patients in those groups.

ment impossible. However, the posterior distributions resulting from the meta-analysis can be
subtracted, yielding a distribution for the difference
between the treatments. If the CI of this result does
not include zero, then the results may be considered

to be statistically significantly different. This operation is mathematically justifiable but operationally
risky: if the patients receiving different treatments
are different or if outcome measures are different,
results may be meaningless. Nonetheless, the Panel

Fig. 1 – Stone-Free Rates for SWL and URS in the Overall Population.
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Table 2 – Stone-Free Rates for SWL and URS, Pediatric Population
Pediatric Population

AUA/EAU Ureteral Stones Guideline Panel
Stone Free Rate - Primary Treatments or First Treatment
SWL
G/P

Distal Ureter
Distal ureter < 10 mm
Distal ureter > 10 mm

Mid Ureter
Mid ureter < 10 mm
Mid ureter > 10 mm

Proximal Ureter
Proximal ureter < 10 mm
Proximal ureter > 10 mm

URS

Med/95% CI

G/P

Med/95% CI

8
229
5
135
2
26

80%
(68–90)%
86%
(78–92)%
83%
(58–97)%

9
151
2
29

92%
(86–96)%
86%
(72–98)%

6
33
4
16
1
6

82%
(63–94)%
80%
(41–98)%
96%
(67–100)%

3
11

80%
(52–96)%

1
5

78%
(37–99)%

7
101
5
43
3
16

81%
(69–90)%
89%
(72–98)%
63%
(21–94)%

5
18

57%
(25–85)%

G = Number of Groups/Treatment arms extracted; P = Number of Patients in those groups.

performed the comparison and found that URS
stone-free rates were significantly better than SWL
rates for distal ureteral stones 10 mm and >10 mm
and for proximal ureteral stones >10 mm. The

stone-free rate for mid-ureteral stones was not
statistically significantly different between URS and
SWL. The results with URS using a flexible ureteroscope for proximal ureteral stones appear better

Fig. 2 – Stone-Free Rates for SWL and URS, Pediatric Population.

1617

european urology 52 (2007) 1610–1631

Table 3 – Procedure Counts for SWL and URS in the Overall Population
Overall Population

Procedure Counts
Grps/Pts #Procs Grps/Pts #Procs Grps/Pts #Procs Grps/Pts #Procs Grps/Pts #Procs Grps/Pts #Procs
SWL
Primary

URS

Secondary

Adjunctive

Primary

Secondary

Adjunctive

Distal Ureter
Distal ureter < 10 mm
Distal ureter > 10 mm

48/7117
16/1618
11/951

1.22
1.34
1.44

30/5069
5/170
3/1026

0.12
0.12
0.10

15/3875

0.03

56/5308
12/1117
5/231

1.04
1.01
1.02

25/5124
6/492
1/69

0.03
0.05
0.14

24/2848
4/305
1/110

0.36
0.88
1.00

Mid Ureter
Mid ureter < 10 mm
Mid ureter > 10 mm

10/291
2/31
3/53

1.11
1.29
1.76

9/316

0.18

4/241

0.23

25/686
4/32
2/18

1.04
1.00
1.00

15/934
2/34
1/35

0.07
0.34
0.31

8/357
1/7
1/5

0.09
1.14
0.20

Proximal Ureter
Proximal ureter < 10 mm
Proximal ureter > 10 mm

37/5902
16/1243
10/409

1.31
1.26
1.49

20/2131
5/150
5/83

0.07
0.14
0.21

13/1329
3/114
4/45

0.24
0.77
0.56

42/1634
6/68
5/137

1.02
1.00
1.07

27/1831
4/62
4/130

0.26
0.39
0.13

14/1159
3/27
1/14

0.17
0.52
0.21

than those achieved with a rigid device, but not at a
statistically significant level.
Stone-free results for pediatric patients are
shown in Table 2 and Fig. 2. The very small number
of patients in most groups, particularly for URS,
makes comparisons among treatments difficult.
However, it does appear that SWL may be more
effective in the pediatric subset than in the overall
population, particularly in the mid and lower ureter.

Procedure Counts

Procedure counts were captured as three types:
1. Primary procedures – the number of times the
intended procedure was performed.
2. Secondary procedures – the number of times an
alternative stone removal procedure(s) was performed.

Fig. 3 – Procedure Counts for SWL and URS in the Overall Population.
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Serious complications, including death and loss
of kidney, were sufficiently rare that data were not
available to estimate their rates of occurrence. Other
complications are listed in Chapter 3.
The complication rates for the overall population
by treatment, size, and location are shown in
Table 5.
Table 6 summarizes complications for all pediatric groups. Since there are few groups and patients,
it was not possible to stratify data by stone size or
location. The reported frequencies of pain may be
inaccurate because of inconsistent reporting.

3. Adjunctive procedures – additional procedures
performed at a time other than when the primary
or secondary procedures were performed; these
could include procedures related to the primary/
secondary procedures such as stent removals as
well as procedures performed to deal with
complications; most adjunctive procedures in
the data presented represent stent removals. It is
likely that many stent-related adjunctive procedures were underreported, and thus the adjunctive procedure count may be underestimated.
As mentioned in Chapter 2, it was not possible to
perform a meta-analysis or to test for statistically
significant differences between treatments due
to the lack of variance data, and only weighted
averages could be computed. The procedure count
results for the overall population are shown in
Table 3 and Fig. 3. Fig. 3 results are presented as
stacked bars.
Procedure count results for pediatric patients
are shown in Table 4 and Fig. 4. Again, the numbers
of patients with available data were small and
did not support meaningful comparisons among
treatments.

Other Surgical Interventions

Small numbers of studies reported on open surgery,
laparoscopic stone removal, and percutaneous
antegrade ureteroscopy. Because these procedures
are usually reserved for special cases, the reported
data should not be used to compare procedures with
each other or with SWL or URS. As expected, these
more invasive procedures yielded high stone-free
rates when used.
A single pediatric report provided procedure
counts for two patients who had one open procedure
each. Two studies reported stone-free rates for
children with open procedures (n = 5 patients); the
computed stone-free rate was 82% (95% CI: 43% to
99%).

Complications

The articles were extracted for various complications; however, the Panel believes the following are
the most relevant:

The Index Patient
1.
2.
3.
4.
5.

Sepsis
Steinstrasse
Stricture
Ureteral injury
Urinary tract infection

In constructing these guidelines, an ‘‘index patient’’
was defined to reflect the typical individual with a
ureteral stone whom a urologist treats. The following definition was created.

Table 4 – Procedure Counts for SWL and URS in the Pediatric Population, All Locations
Pediatric Population

Procedure Counts
Grps/
Pts

#Procs Grps/
Pts

Procs

Grps/ #Procs
Pts

Grps/
Pts

#Procs

SWL
Primary

Grps/
Pts

#Procs Grps/ #Procs
Pts

URS

Secondary

Distal Ureter
Distal ureter < 10 mm
Distal ureter > 10 mm

7/212
5/135
4/26

1.38
1.42
1.42

4/98
1/14

0.08
0.36

Mid Ureter
Mid ureter < 10 mm
Mid ureter > 10 mm

4/32
3/16
1/6

1.44
1.50
1.33

1/9

0.11

Proximal Ureter
Proximal ureter < 10 mm
Proximal ureter > 10 mm

5/83
5/43
4/16

1.28
1.19
1.38

3/38
1/3
2/2

0.05
0.00
0.00

Adjunctive
2/43

1/5
1/3
2/2

0.07

0.00
0.00
0.00

Primary

Secondary

Adjunctive

10/185
2/63

1.05
1.00

7/190
4/131

0.09
0.11

5/96
1/51

0.72
0.78

4/18
1/7
1/5

1.00
1.00
1.00

2/12
1/7
1/5

0.17
0.14
0.20

2/12
1/7
1/5

0.75
0.71
0.20

6/27
1/9

1.00
1.00

7/38
2/18

0.34
0.33

1/9
1/9

1.00
1.00
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Fig. 4 – Procedure Counts for SWL and URS in the Pediatric Population, All Locations.

The index patient is a nonpregnant adult with a
unilateral noncystine/nonuric acid radiopaque
ureteral stone without renal calculi requiring
therapy whose contralateral kidney functions
normally and whose medical condition, body
habitus, and anatomy allow any one of the
treatment options to be undertaken.

Treatment Guidelines for the Index Patient
For All Index Patients

Standard: Patients with bacteriuria should be
treated with appropriate antibiotics.
[Based on Panel consensus/Level IV]
Untreated bacteriuria can lead to infectious
complications and possible urosepsis if combined
with urinary tract obstruction, endourologic manipulation, or SWL. Urine culture prior to intervention is
recommended; screening with dipsticks might be
sufficient in uncomplicated cases [2]. In case of
suspected or proven infection, appropriate antibiotic therapy should be administered before intervention [6].

Standard: Stone extraction with a basket without endoscopic visualization of the stone (blind
basketing) should not be performed.
[Based on Panel consensus/Level IV]
Before the availability of modern ureteroscopes,
extraction of distal ureteral stones with a basket
with or without fluoroscopy was common. This
procedure is, however, associated with an obvious
risk of injury to the ureter. It is the expert opinion of
the Panel that blind stone extraction with a basket
should not be performed, and that intraureteral
manipulations with a stone basket should always be
performed under direct ureteroscopic vision. Fluoroscopic imaging of the stone alone is not sufficient.
For Ureteral Stones <10 mm

Option: In a patient who has a newly diagnosed
ureteral stone <10 mm and whose symptoms are
controlled, observation with periodic evaluation
is an option for initial treatment. Such patients
may be offered an appropriate medical therapy
to facilitate stone passage during the observation
period.
[Based on review of the data and panel opinion/
Level 1A]
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Table 5 – Complications Occurrence Rates with SWL and URS, Overall Population
SWL
Groups/Patients
Distal Ureter
Sepsis
Steinstrasse
Stricture
Ureteral Injury
UTI

Mid Ureter
Sepsis
Steinstrasse
Stricture

URS
Med/95% CI

6
2019
1
26
2
609
1
45
3
87

3%
(2–5)%
4%
(0–17)%
0%
(0–1)%
1%
(0–5)%
4%
(1–12)%

2
398
1
37
1
43

5%
(0–20)%
8%
(2–20)%
1%
(0–6)%

1
37

Proximal Ureter
Sepsis

5
704
3
235
2
124
2
124
5
360

Steinstrasse
Stricture
Ureteral Injury
UTI

The Panel performed a meta-analysis of studies in
which spontaneous ureteral stone passage was
assessed. The median probability of stone passage
was 68% for stones 5 mm (n = 224) and 47% for
those >5 and 10 mm (n = 104) in size (details
previously discussed and provided in the appendixes). The Panel recognized that these studies had
certain limitations including nonstandardization of
the stone size measurement methods and lack of
analysis of stone position, stone-passage history,
and time to stone passage in some. A meta-analysis
of MET was also performed which demonstrated
that alpha blockers facilitate stone passage and that
the positive impact of nifedipine is marginal. This
analysis also indicates that alpha blockers are
superior to nifedipine and, hence, may be the
preferred agents for MET (details provided in the
Appendixes). A similar benefit of MET was demonstrated in a recently published meta-analytic study
[7]. The methods of analysis used in this study were
somewhat different as the absolute improvement in
stone passage was calculated in our study and the

Med/95% CI

7
1954

2%
(1–4)%

16
1911
23
4529
3
458

1%
(1–2)%
3%
(3–4)%
4%
(2–7)%

4
199

4%
(1–11)%

6%
(1–16)%

7
326
10
514
1
63

4%
(2–7)%
6%
(3–8)%
2%
(0–7)%

3%
(2–4)%
5%
(2–10)%
2%
(0–8)%
2%
(0–8)%
4%
(2–7)%

8
360
1
109
8
987
10
1005
2
224

4%
(2–6)%
0%
(0–2)%
2%
(1–5)%
6%
(3–9)%
4%
(1–8)%

Ureteral Injury
UTI

Groups/Patients

relative improvement in the latter. The vast majority
of the trials analyzed in this and our analysis were
limited to patients with distal ureteral stones. The
majority of stones pass spontaneously within four to
six weeks. This was demonstrated by Miller and
Kane [8], who reported that of stones 2 mm, 2 to
4 mm and 4 to 6 mm in size, 95% of those which
passed did so by 31, 40, and 39 days, respectively. In a
choice between active stone removal and conservative treatment with MET, it is important to take into
account all individual circumstances that may affect
treatment decisions. A prerequisite for MET is that
the patient is reasonably comfortable with that
therapeutic approach and that there is no obvious
advantage of immediate active stone removal.
Standard: Patients should be counseled on the
attendant risks of MET including associated drug
side effects and should be informed that it is
administered for an ‘‘off label’’ use.
[Based on Panel consensus/Level IV]
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Table 6 – Complication Occurrence Rates–Overall, Pediatric Population
Complications of Treatment - PEDIATRIC

SWL
Groups/Patients

Bleeding
Overall Significant complications
Pain
Retention
Sepsis
Skin
Stricture
Ureteral Obstruction
UT1

2
206
1
38
3
106
1
63
2
101
1
168
1
25
4
283
2
63

URS
Med/95% CI
5%
(0–24)%
1%
(0–6)%
18%
(9–30)%
2%
(0–7)%
4%
(1–12)%
0%
(0–1)%
1%
(0–9)%
2%
(1–6)%
2%
(0–9)%

Infection
Stent Migration
Ureteral Injury
Ureteral Obstruction
UT1
Stricture
Other Long Term CX

Groups/Patients

Med/95% CI

1
66
5
65
3
98
1
26
3
73

17%
(9–27)%
5%
(1–14)%
5%
(1–13)%
4%
(0–17)%
3%
(0–9)%

2
91
1
25
6
216
1
26
1
12
5
106
1
43

6%
(2–13)%
5%
(0–17)%
6%
(3–10)%
1%
(0–9)%
2%
(0–19)%
5%
(2–11)%
12%
(5–24)%

G = number of groups/treatment arms extracted; P = number of patients in those groups.

Standard: Patients who elect for an attempt at
spontaneous passage or MET should have wellcontrolled pain, no clinical evidence of sepsis,
and adequate renal functional reserve.
[Based on Panel consensus/Level IV]

such stones will require surgical treatment. No
recommendation can be made for spontaneous
passage (with or without medical therapy) for
patients with large stones.
For Patients Requiring Stone Removal

Standard: Patients should be followed with
periodic imaging studies to monitor stone position and to assess for hydronephrosis.
[Based on Panel consensus/Level IV]
Standard: Stone removal is indicated in the
presence of persistent obstruction, failure of
stone progression, or in the presence of increasing or unremitting colic.
[Based on Panel consensus/Level IV]
For Ureteral Stones >10 mm

Although patients with ureteral stones >10 mm
could be observed or treated with MET, in most cases

Standard: A patient must be informed about the
existing active treatment modalities, including
the relative benefits and risks associated with
each modality.
[Based on Panel consensus/Level IV]
Specifically, both SWL and URS should be discussed as initial treatment options for the majority
of cases. Regardless of the availability of this
equipment and physician experience, this discussion should include stone-free rates, anesthesia
requirements, need for additional procedures, and
associated complications. Patients should be informed that URS is associated with a better chance
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of becoming stone free with a single procedure, but
has higher complication rates.
Recommendation: For patients requiring stone
removal, both SWL and URS are acceptable firstline treatments.
[Based on review of the data and Panel consensus/
Level 1A-IV (details provided in Chapter 3)]
The meta-analysis demonstrated that URS yields
significantly greater stone-free rates for the majority
of stone stratifications.
Recommendation: Routine stenting is not recommended as part of SWL.
[Based on Panel consensus/Level III]
The 1997 AUA guideline, Report on the Management
of Ureteral Calculi, stated that ‘‘Routine stenting is not
recommended as part of SWL [9].’’ The 1997 guideline Panel noted that it had become common
practice to place a ureteral stent for more efficient
fragmentation of ureteral stones when using SWL.
However, the data analyzed showed no improved
fragmentation with stenting [9]. The current analysis demonstrates similar findings. In addition,
studies assessing the efficacy of SWL treatment
with or without internal stent placement have
consistently noted frequent symptoms related to
stents [10–13].
Option: Stenting following uncomplicated URS is
optional.
[Based on Panel consensus/Level 1A]
Several randomized prospective studies published since the 1997 AUA guideline document have
demonstrated that routine stenting after uncomplicated URS may not be necessary [10,14–19].
It is well documented that ureteral stenting is
associated with bothersome lower urinary tract
symptoms and pain that can, albeit temporarily,
alter quality of life [15–17,20–26]. In addition,
there are complications associated with ureteral
stenting, including stent migration, urinary tract
infection, breakage, encrustation, and obstruction.
Moreover, ureteral stents add some expense to the
overall ureteroscopic procedure and unless a pull
string is attached to the distal end of the stent,
secondary cystoscopy is required for stent removal
[27].
There are clear indications for stenting after the
completion of URS. These include ureteral injury,
stricture, solitary kidney, renal insufficiency, or a
large residual stone burden.

Option: Percutaneous antegrade ureteroscopy is
an acceptable first-line treatment in select cases.
[Based on Panel consensus/Level III]
Instead of a retrograde endoscopic approach to
the ureteral stone, percutaneous antegrade access
can be substituted [28]. This treatment option is
indicated:
 in select cases with large impacted stones in the
upper ureter
 in combination with renal stone removal
 in cases of ureteral stones after urinary diversion
[29]
 in select cases resulting from failure of retrograde
ureteral access to large, impacted upper ureteral
stones [30].

Option: Laparoscopic or open surgical stone
removal may be considered in rare cases where
SWL, URS, and percutaneous URS fail or are
unlikely to be successful.
[Based on Panel consensus/Level III]
The 1997 AUA guideline stated that ‘‘Open
surgery should not be the first-line treatment [9].’’
The invasiveness and morbidity of open surgery can
be avoided. In very difficult situations, however,
such as with very large, impacted stones and/or
multiple ureteral stones, or in cases of concurrent
conditions requiring surgery, an alternative procedure might be desired as primary or salvage therapy.
Laparoscopic ureterolithotomy is a less invasive
alternative to open surgery in this setting. Comparative series indicate that open surgical ureterolithotomy can be replaced by laparoscopic
ureterolithotomy in most situations [31,32]. From
the 15 case series of laparoscopic ureterolithotomy
included in the Panel’s literature review, the median
stone-free rate was 88% for the primary treatment. It
is notable that this success was achieved when
virtually all of the procedures were for large and/or
impacted calculi.
Recommendations for the Pediatric Patient

Option: Both SWL and URS are effective in this
population. Treatment choices should be based
on the child’s size and urinary tract anatomy. The
small size of the pediatric ureter and urethra
favors the less invasive approach of SWL.
[Based on review of data and Panel consensus/
Level III]
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Recommendations for the Nonindex Patient

Standard: For septic patients with obstructing
stones, urgent decompression of the collecting
system with either percutaneous drainage or
ureteral stenting is indicated. Definitive treatment of the stone should be delayed until sepsis
is resolved.
[Based on Panel consensus/Level III]
The compromised delivery of antibiotics into the
obstructed kidney mandates that the collecting
system be drained to promote resolution of the
infection. The choice of drainage modality, whether
percutaneous nephrostomy or ureteral stent, is left
to the discretion of the urologist, as both have been
shown in a randomized trial to be equally effective
in the setting of presumed obstructive pyelonephritis/pyonephrosis [33]. Definitive treatment of the
stone should be delayed until sepsis has resolved
and the infection is cleared following a complete
course of appropriate antimicrobial therapy.

Discussion
There are two significant changes in treatment
approach that distinguish the present document
from the guideline published by the AUA in 1997.
The most significant change is the use of retrograde
URS as first-line treatment for middle and upper
ureteral stones with a low probability of spontaneous passage. This change reflects both the vast
technological improvements that have been made
during the last decade and the experience and
facility that surgeons now have with the procedure.
The other change is the establishment of effective
MET to facilitate spontaneous stone passage. These
advances, the current status of other technologies
and procedures, issues related to nonindex patients,
and future directions and research germane to this
condition will be subsequently discussed.
Medical Expulsive Therapy

There is growing evidence that MET, the administration of drugs to facilitate stone passage, can be
efficacious. Studies have demonstrated that this
approach may facilitate and accelerate the spontaneous passage of ureteral stones as well as stone
fragments generated with SWL [34–38]. Our metaanalysis demonstrated the effectiveness of MET.
Nine percent (CI: 7% to 25%) more patients receiving nifedipine passed their stones than did controls
in our meta-analysis, a difference that was not
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statistically significant. In contrast, a statistically
significant 29% (CI: 20% to 37%) more patients
passed their stones with alpha blocker therapy than
did control patients. These findings indicate that
alpha blockers facilitate ureteral stone passage
while nifedipine may provide a marginal benefit.
Therefore, the Panel feels that alpha blockers are the
preferred agents for MET at this time. Similar
findings have been reported by Hollingsworth and
associates7, who recently performed a meta-analysis of studies involving alpha blockers or nifedipine
in patients with ureteral stones. The differences in
methodology from our study have been previously
mentioned. Patients given either one of these agents
had a greater likelihood of stone passage than those
not receiving such therapy. The pooled-risk ratios
and 95% CIs for alpha blockers and calcium channel
blockers were 1.54 (1.29 to 1.85) and 1.90 (1.51 to 2.40)
[7]. The benefit of adding corticosteroids was
reported to be small [7,37]. Tamsulosin has been
the most common alpha blocker utilized in these
studies. However, one small study demonstrated
tamsulosin, terazosin, and doxazosin as equally
effective in this setting [39]. These studies also
demonstrated that MET reduces the stone-passage
time and limits pain. The beneficial effects of these
drugs are likely attributed to ureteral smooth muscle
relaxation mediated through either inhibition of
calcium channel pumps or alpha-1 receptor blockade. Further prospective and randomized studies
are warranted to determine the patients who best
respond to MET. A large, multicenter, randomized,
placebo-controlled study has recently been funded
in the United States for this purpose. Patients with
ureteral stones in all segments of the ureter will be
randomized to tamsulosin or placebo.
Shock-wave Lithotripsy

Shock-wave lithotripsy was introduced to clinical
practice as a treatment for ureteral stones in the
early 1980s. Today, even with the refinement of
endourologic methods for stone removal such as
URS and PNL, SWL remains the primary treatment
for most uncomplicated upper urinary tract calculi.
The meta-analysis published by the AUA Nephrolithiasis Guideline Panel in 1997 documented that
the stone-free rate for SWL for proximal ureteral
stones overall was 83% (78 studies, 17,742 patients).
To achieve this result, 1.40 procedures were necessary per patient. The results were very similar in
the distal ureter, with a stone-free rate of 85%
(66 studies, 9,422 patients) necessitating 1.29 primary and secondary procedures per patient. There
was no significant difference between various SWL
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techniques (SWL with pushback, SWL with stent or
catheter bypass, or SWL in situ). Consequently, the
Panel suggested that the use of a ureteral stent to
improve stone-free rates was not warranted. This
observation is also confirmed by the present
analysis. However, there may be circumstances
such as when the stone is small or of low radiographic density where a stent or ureteral catheter
(sometimes using a contrast agent) may help
facilitate localization during SWL. The Panel considered complications of SWL for ureteral stones to
be infrequent.
The current meta-analysis analyzed SWL stonefree results for three locations in the ureter
(proximal, mid, distal). The SWL stone-free results
are 82% in the proximal ureter (41 studies, 6,428
patients), 73% in the mid ureter (31 studies, 1,607
patients), and 74% in the distal ureter (50 studies,
6,981 patients). The results in the 1997 guideline,
which divided the ureter into proximal and distal
only, reported SWL stone-free results of 83% and
85%, respectively. The CIs for the distal ureter do not
overlap and indicate a statistically significant
worsening of results in the distal ureter from the
earlier results. No change is shown for the proximal
ureter. The cause of this difference is not clear.
Additional procedures also were infrequently necessary (0.62 procedures per patient for proximal
ureteral stones, 0.52 for mid-ureteral stones, and
0.37 for distal ureteral stones). Serious complications were again infrequent. As expected, stone-free
rates were lower and the number of procedures
necessary were higher for ureteral stones >10 mm
in diameter managed with SWL.
The outcomes for SWL for ureteral calculi in
pediatric patients were similar to those for adults,
making this a useful option, particularly in patients
where the size of the patient (and ureter/urethra)
may make URS a less attractive option.
The newer generation lithotriptors with higher
peak pressures and smaller focal zones should, in
theory, be ideal for the treatment of stones in the
ureter but instead have not been associated with an
improvement in stone-free rates or a reduction in
the number of procedures needed when this treatment approach is chosen. In fact, the SWL stone-free
rates for stones in the distal ureter have declined
significantly when compared with the 1997 AUA
analysis. The explanation for the lack of improvement in SWL outcomes is unknown.
Although ureteroscopic stone removal is possible
with intravenous sedation, one clear advantage of
SWL over URS is that the procedure is more easily
and routinely performed with intravenous sedation
or other minimal anesthetic techniques. Therefore,

for the patient who desires treatment with minimal
anesthesia, SWL is an attractive approach.
Shock-wave lithotripsy can be performed with
the aid of either fluoroscopy or ultrasound. While
some stones in the proximal and distal ureter can be
imaged with US, this imaging modality clearly limits
SWL application in the ureter when compared to
fluoroscopy. However, a combination of both fluoroscopy and US can facilitate stone location and
minimize radiation exposure.
As documented in the 1997 AUA report, there
appears to be little, if any, advantage to routine
stenting when performing SWL for ureteral stones.
Concerns have been raised, too, regarding the use
of SWL to treat distal ureteral calculi in women of
childbearing age because of the theoretical possibility that unfertilized eggs and/or ovaries may be
damaged. To date, no objective evidence has been
discovered to support such concerns, but many
centers require that women age 40 or younger be
fully informed of the possibility and give their
consent before treatment with SWL [40–44].
Ureteroscopy

Ureteroscopy has traditionally constituted the
favored approach for the surgical treatment of
mid and distal ureteral stones while SWL has been
preferred for the less accessible proximal ureteral
stones. With the development of smaller caliber
semirigid and flexible ureteroscopes and the introduction of improved instrumentation, including the
holmium:YAG laser, URS has evolved into a safer
and more efficacious modality for treatment of
stones in all locations in the ureter with increasing
experience world-wide [45,46]. Complication rates,
most notably ureteral perforation rates, have been
reduced to less than 5%, and long-term complications such as stricture formation occur with an
incidence of 2% or less [47]. Overall stone-free rates
are remarkably high at 81% to 94% depending on
stone location, with the vast majority of patients
rendered stone free in a single procedure (Fig. 1 and
Chapter 3).
In 1997, the AUA Nephrolithiasis Clinical Guideline Panel recommended SWL for <1 cm stones in
the proximal ureter and either SWL or URS for >1 cm
proximal ureteral stones [9]. With improved efficacy
and reduced morbidity currently associated with
ureteroscopic management of proximal ureteral
stones, this modality is now deemed appropriate
for stones of any size in the proximal ureter. Indeed,
the current analysis revealed a stone-free rate of
81% for ureteroscopic treatment of proximal ureteral stones, with surprisingly little difference in

european urology 52 (2007) 1610–1631

stone-free rates according to stone size (93% for
stones <10 mm and 87% for stones >10 mm). The
flexible ureteroscope is largely responsible for
improved access to the proximal ureter; superior
stone-free rates are achieved using flexible URS
(87%) compared with rigid or semirigid URS (77%).
These stone-free rates are comparable to those
achieved with SWL.
The middle ureter poses challenges for all surgical
stone treatments; the location over the iliac vessels
may hinder access with a semirigid ureteroscope,
and identification and targeting of mid-ureteral
stones for SWL has proved problematic due to the
underlying bone. Despite the limitations, ureteroscopic management is still highly successful; a
stone-free rate of 86% was demonstrated in the
current analysis, although success rates declined
substantially when treating larger stones (>10 mm)
compared with smaller stones (78% versus 91%,
respectively).
Ureteroscopic treatment of distal ureteral stones
is uniformly associated with high success rates and
low complication rates. An overall stone-free rate of
94% was achieved with either a rigid or semirigid
ureteroscope, with little drop off in stone-free rates
when treating larger stones. On the other hand,
flexible URS was less successful than rigid or
semirigid URS for distal ureteral stones, particularly
those >10 mm, likely due to difficulty maintaining
access within the distal ureter with a flexible
ureteroscope.
A number of adjunctive measures have contributed to the enhanced success of ureteroscopic
management of ureteral calculi. Historically, stones
in the proximal ureter have been associated with
lower success rates than those in the mid and distal
ureter, in part because the proximal ureter is more
difficult to access and stone fragments often become
displaced into the kidney where they may be
difficult to treat. Improved flexible ureteroscopes
and greater technical skill, along with the introduction of devices to prevent stone migration [48,49]
have improved the success of treating proximal
ureteral stones.
Although the efficacy of URS for the treatment of
ureteral calculi has been amply shown, the need for
a ureteral stent with its attendant morbidity has
biased opinion towards SWL in some cases. Clearly,
SWL is associated with fewer postoperative symptoms and better patient acceptance than URS.
However, a number of recent prospective, randomized trials have shown that for uncomplicated
URS, the ureter may be left unstented without undue
risk of obstruction or colic requiring emergent
medical attention [10,14–19].
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Ureteroscopy can also be applied when SWL
might be contraindicated or ill-advised. Ureteroscopy can be performed safely in select patients in
whom cessation of anticoagulants is considered
unsafe [50]. In addition, URS has been shown to be
effective regardless of patient body habitus. Several
studies have shown that morbidly obese patients
can be treated with success rates and complication
rates comparable to the general population [51,52].
Finally, URS can be used to safely simultaneously
treat bilateral ureteral stones in select cases [53–55].
Percutaneous Antegrade Ureteroscopy

Percutaneous antegrade removal of ureteral stones
is a consideration in selected cases, for example, for
the treatment of very large (>15 mm diameter)
impacted stones in the proximal ureter between
the ureteropelvic junction and the lower border of
the fourth lumbar vertebra [30,56]. In these cases
with stone-free rates between 85% and 100%, its
superiority to standard techniques has been evaluated in one prospective randomized [57] and in two
prospective studies [28,30]. In a total number of 204
patients, the complication rate was low, acceptable,
and not specifically different from any other
percutaneous procedure.
Percutaneous antegrade removal of ureteral
stones is an alternative when SWL is not indicated
or has failed [58] and when the upper urinary tract is
not amenable to retrograde URS; for example, in
those with urinary diversion [29] or renal transplants [59].
Laparoscopic and Open Stone Surgery

Shock-wave lithotripsy, URS, and percutaneous
antegrade URS can achieve success for the vast
majority of stone cases. In extreme situations or in
cases of simultaneous open surgery for another
purpose, open surgical ureterolithotomy might
rarely be considered [60,61]. For most cases with
very large, impacted, and/or multiple ureteral
stones in which SWL and URS have either failed
or are unlikely to succeed, laparoscopic ureterolithotomy is a better alternative than open surgery if
expertise in laparoscopic techniques is available.
Both retroperitoneal and transperitoneal laparoscopic access to all portions of the ureter have been
reported. Laparoscopic ureterolithotomy in the
distal ureter is somewhat less successful than in
the middle and proximal ureter, but the size of the
stone does not appear to influence outcome.
Although highly effective, laparoscopic ureterolithotomy is not a first-line therapy in most cases
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because of its invasiveness, attendant longer recovery time, and the greater risk of associated complications compared to SWL and URS.
Special Considerations
Pregnancy

Renal colic is the most common nonobstetric
cause of abdominal pain in pregnant patients
requiring hospitalization. The evaluation of pregnant patients suspected of having renal colic
begins with ultrasonography, as ionizing radiation
should be limited in this setting. If the US examination is unrevealing and the patient remains
severely symptomatic, a limited intravenous pyelogram may be considered. A typical regimen
includes a preliminary plain radiograph and two
films, 15 minutes and 60 minutes following contrast administration. Noncontrast computed tomography is uncommonly performed in this setting
because of the higher dose of radiation exposure.
Magnetic resonance imaging can define the level of
obstruction, and a stone may be seen as a filling
defect. However, these findings are nonspecific.
In addition, there is a paucity of experience
with using this imaging modality during pregnancy
[62].
Once the diagnosis has been established, these
patients have traditionally been managed with
temporizing therapies (ureteral stenting, percutaneous nephrostomy), an approach often associated
with poor patient tolerance. Further, the temporizing approach typically requires multiple exchanges of stents or nephrostomy tubes during
the remainder of the patient’s pregnancy due to
the potential for rapid encrustation of these
devices.
A number of groups have now reported successful
outcomes with URS in pregnant patients harboring
ureteral stones. The first substantial report was by
Ulvik, et al [63] who reported on the performance of
URS in 24 pregnant women. Most patients had
stones or edema, and there were no adverse
sequelae associated with ureteroscopic stone
removal. Similar results have been reported by
Lifshitz and Lingeman [64] and Watterson et al
[65] who found that the ureteroscopic approach was
both diagnostic and therapeutic in pregnant
patients with very low morbidity and the need for
only short-term ureteral stenting, if at all, afterwards. When intracorporeal lithotripsy is necessary
during ureteroscopic treatment of calculi in pregnant patients, the holmium laser has the advantage
of minimal tissue penetration, thereby theoretically
limiting risk of fetal injury.

Pediatrics

Both SWL and URS are effective treatment alternatives for stone removal in children. Selection of
the most appropriate treatment has to be based on
the individual stone problem, the available equipment and the urologist’s expertise in treating
children. Children appear to pass stone fragments
after SWL more readily than adults [66–71].
Ureteroscopy may be used as a primary treatment
or as a secondary treatment after SWL in case of
poor stone disintegration. Less efficient SWL disintegration might be seen in children with stones
composed of cystine, brushite and calcium oxalate
monohydrate or when anatomic abnormalities
result in difficulties in fluoroscopic or ultrasonographic visualization of the stone [72–74].
One of the main problems with pediatric URS is
the size of the ureteroscope relative to the narrow
intramural ureter and the urethral diameter. This
problem has lately been circumvented by the use of
smaller ureteroscopes, for example, mini or needle
instruments as well as small flexible semirigid or
rigid ureteroscopes and pediatric (6.9 Fr) cystoscopes. With the availability of 4.5 and 6.0 Fr
semirigid ureteroscopes, a 5.3 Fr flexible ureteroscope and a holmium:YAG laser energy source,
instrument-related complications have become
uncommon [73–75]. However, the utilization of
proper technique remains the most important factor
for generating successful outcomes in this population. Percutaneous stone removal is also possible in
pediatric patients with comparable indications to
those in adults. Such an approach might be
considered for stone removal in children with a
malformation of the lower urinary tract.
Cystine stones

Individuals with cystinuria are considered nonindex
patients by the Panel for a variety of reasons. There
are limited data regarding treatment outcomes in
this group [76–83]. In vitro studies also show that
these stones are commonly resistant to SWL,
although the degree of resistance may be variable
[77,78]. The structural characteristics of these stones
are thought to contribute to their decreased SWL
fragility. In addition, some of these stones may be
barely opaque on standard imaging or fluoroscopy,
potentially compromising shock-wave focusing. In
contrast to SWL, technology currently utilized for
intracorporeal lithotripsy during URS, including the
holmium laser, ultrasonic and pneumatic devices,
can readily fragment cystine stones [81].
Certain imaging characteristics may predict SWL
outcomes for this patient group. Bhatta and colleagues reported that cystine stones having a rough-
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appearing external surface on plain film imaging
were more apt to be fragmented with shock-wave
energy than those with a smooth contour [82]. Kim
and associates reported that the computed tomography attenuation coefficients of the latter were
significantly higher than the rough-type stones [83].
Other types of stones with higher attenuation values
have also been demonstrated to be resistant to
shock-wave fragmentation [84].
Patients with this rare genetic disorder typically
have their first stone event early in life, are prone to
recurrent stones, and are consequently subject to
repetitive removal procedures. In addition, patients
with cystinuria are at risk for developing renal
insufficiency over time [85,86]. Prophylactic medical
therapy and close follow-up can limit recurrence.
Uric acid stones

Uric acid calculi are typically radiolucent, thus
limiting the ability to treat such patients using in
situ SWL. However, this approach may be possible
with devices that use US if the stone can indeed be
localized. When properly targeted, these stones
fragment readily with SWL. Uric acid stones have
lower computed tomography attenuation values,
and can usually can be distinguished from calcium,
cystine, and struvite calculi [87]. The presence of a
low attenuation or a radiolucent stone, particularly
in a patient with a low urinary pH, should lead the
clinician to suspect this diagnosis. Manipulation of
the urinary pH with oral potassium citrate, sodium
citrate, or sodium bicarbonate to a level ranging
from 6.0 to 7.0 may obviate the need for surgical
intervention. Moreover, this medical treatment may
allow stone dissolution in patients whose symptoms
are controllable, should prevent the development of
future uric acid stones, and has also been shown to
enhance stone clearance with SWL [88]. Medical
expulsive therapy may be administered concomitantly. Ureteroscopy is a very effective method of
treating patients who are not candidates for observation [89].

Research and Future Directions
Ten years have elapsed since the last publication of
the AUA guidelines, and one year since the EAU
recommendations on ureteral stones. Extensive
cooperation between AUA and EAU Panel members
has produced this unique collaborative report. This
venture should provide the foundation for future
collaborative efforts in guideline development.
The Panel encountered a number of deficits in
the literature. While the management of ureteral
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stones remains commonly needed, few RCTs
were available for data extraction. The data were
inconsistent, starting from the definition of
stone sizes and ending with variable definitions
of a stone-free state. These limitations hinder
the development of evidence-based recommendations.
To improve the quality of research, the Panel
strongly recommends the following:
 conducting RCTs comparing interventional techniques like URS and SWL
 conducting pharmacological studies of stoneexpulsion therapies as double-blinded RCTs
 reporting stone-free data without inclusion of
residual fragments
 using consistent nomenclature to report stone
size, stone location, stone-free rates, time point
when stone-free rate is determined, or method of
imaging to determine stone-free rate
 reporting data stratified by patient/stone characteristics, such as patient age, stone size, stone
location, stone composition, gender, body mass
index, and treatment modality
 reporting all associated treatments including
placement of ureteral stents or nephrostomies
 using standardized methods to report acute and
long-term outcomes
 developing methods to predict outcomes for SWL,
URS, and MET
 providing measures of variability such as standard
deviation, standard error, CI, or variance with
corresponding average patient numbers
 reporting raw data to facilitate meta-analyses
The Panel suggests focusing on the following
issues in future investigations:
 investigating the proposed current efficacy problems of second and third generation shock-wave
machines and developing approaches to improve
SWL
 determining the safety of each technique with
respect to acute and long-term effects
 investigating the promising medical stone expulsion in basic research studies and in clinical trials
to unravel the underlying mechanisms and to
optimize the treatment regimens
 addressing issues such as patient preferences,
quality of life, and time until the patient completed therapy when evaluating treatment strategies. To date, only a few studies have addressed
patient preference [90–92].
 although largely dependent on different health
systems, addressing cost-effectiveness
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by the US Food and Drug Administration for this
specific indication. Thus, doses and dosing regimens may deviate from that employed for the Food
and Drug Adminstration-approved indications, and
this difference should be considered in the riskversus-benefit assessment.
This document provides guidance only, and does
not establish a fixed set of rules or define the legal
standard of care. As medical knowledge expands
and technology advances, this guideline will change.
Today it represents not absolute mandates but
provisional proposals or recommendations for
treatment under the specific conditions described.
For all these reasons, the guideline does not preempt
physician judgment in individual cases. Also, treating physicians must take into account variations in
resources, and in patient tolerances, needs and
preferences. Conformance with the guideline
reflected in this document cannot guarantee a
successful outcome.

Acknowledgements and Disclaimers
The supporting systematic literature review and
data analysis, and the drafting of this document
were conducted by the EAU/AUA Nephrolithiasis
Guideline Panel (hereinafter the Panel). Each association selected a Panel chair who in turn appointed
the Panel members, urologists with specific expertise in this disease.
The mission of the Panel was to develop either
analysis- or consensus-based recommendations,
depending on the type of evidence available and
Panel processes to support optimal clinical practices
in the management of ureteral calculi. This document was submitted to 81 urologists and other
health care professionals for peer review. After
revision of the document based upon the peer
review comments, the guideline was submitted for
approval to the Practice Guidelines Committee of the
AUA and the Guidelines Office of the EAU. Then it
was forwarded to the AUA Board of Directors and the
EAU Executive Board for final approval. Funding of
the Panel and of the PGC was provided by the AUA
and the EAU, although Panel members received no
remuneration for their work. Each member of the
PGC and of the Panel furnished a current conflict of
interest disclosure to the AUA.
The final report is intended to provide medical
practitioners with a current understanding of the
principles and strategies for the management of
ureteral calculi. The report is based on an extensive
review of available professional literature as well as
clinical experience and expert opinion. Some of the
medical therapies currently employed in the management of ureteral calculi have not been approved

Abbreviations and Acronyms
AUA
CI
CIs
EAU
Gps/Pts
Med
MET
#Procs
RCTs
SWL
URS
US
UTI

=
=
=
=
=
=
=
=
=
=
=
=
=

American Urological Association
confidence interval
credible intervals
European Association of Urology
groups/patients
medium
medical expulsive therapy
No. procedures
randomized controlled trials
shock-wave lithotripsy
ureteroscopy
ultrasound
urinary tract infection

References
[1] Preminger GM, Assimos DG, Lingeman JE, Nakada SY,
Pearle MS and Wolf Jr JS. Report on the management
of staghorn calculi. http://www.auanet.org/guidelines.
Accessed September 5, 2007.
[2] Tiselius H-G, Ackermann D, Alken P, Buck C, Conort P,
Gallucci M, et al. Guidelines on urolithiasis. http://www.
uroweb.org/nc/professional-sources/guidelines/online.
Accessed September 5, 2007.
[3] Eddy DM, Hasselbland V and Shachter R. A bayesian
method for synthesizing evidence. The Confidence Profile
Method. Int J Technol Assess Health Care 1990;6:31.
[4] Eddy DM and Hasselblad V. Fast*Pro. Software for metaanalysis by the Confidence Profile Method. New York:
Academic Press; 1992. p. 196.

european urology 52 (2007) 1610–1631

[5] U.S. Department of Health and Human Services, Public
Health Service, Agency for Health\Care Policy and
Research, 1992; pp. 115–27.
[6] Grabe M. Perioperative antibiotic prophylaxis in urology.
Curr Opin Urol 2001;11:81.
[7] Hollingsworth JM, Rogers MA, Kaufman SR, Bradford TJ,
Saint S, Wei JT, et al. Medical therapy to facilitate urinary
stone passage: a meta-analysis. Lancet 2006;368:1171.
[8] Miller OF and Kane CJ. Time to stone passage for observed
ureteral calculi: a guide for patient education. J Urol
1999;162:688.
[9] Segura JW, Preminger GM, Assimos DG, Dretler SP, Khan
RI, Lingeman JE, et al. Ureteral Stones Clinical Guidelines
Panel summary report on the management of ureteral
calculi. The American Urological Association. J Urol
1997;158:1915.
[10] Byrne RR, Auge BK, Kourambas J, Munver R, Delvecchio F
and Preminger GM. Routine ureteral stenting is not necessary after ureteroscopy and ureteropyeloscopy: a randomized trial. J Endourol 2002;16:9.
[11] Pryor JL and Jenkins AD. Use of double-pigtail stents in
extracorporeal shock wave lithrotripsy. J Urol 1990;143:475.
[12] Preminger GM, Kettelhut MC, Elkins SL, Seger J and Fetner
CD. Ureteral stenting during extracorporeal shock wave
lithotripsy: help or hindrance? J Urol 1989;142:32.
[13] Low RK, Stoller ML, Irby P, Keeler L and Elhilali M. Outcome
assessment of double-J stents during extracorporeal
shockwave lithotripsy of small solitary renal calculi.
J Endourol 1996;10:341.
[14] Chen YT, Chen J, Wong WY, Yang SS, Hsieh CH and Wang
CC. Is ureteral stenting necessary after uncomplicated
ureteroscopic lithotripsy? A prospective, randomized
controlled trial. J Urol 2002;167:1977.
[15] Borboroglu PG, Amling CL, Schenkman NS, Monga M,
Ward JF, Piper NY, et al. Ureteral stenting after ureteroscopy for distal ureteral calculi: a multi-institutional prospective randomized controlled study assessing pain,
outcomes and complications. J Urol 2001;166:1651.
[16] Netto Jr NR, Ikonomidis J and Zillo C. Routine ureteral
stenting after ureteroscopy for ureteral lithiasis: is it
really necessary? J Urol 2001;166:1252.
[17] Denstedt JD, Wollin TA, Sofer M, Nott L, Weir M and D’A
Honey RJ. A prospective randomized controlled trial
comparing nonstented versus stented ureteroscopic
lithotripsy. J Urol 2001;165:1419.
[18] Srivastava A, Gupta R, Kumar A, Kapoor R and Mandhani
A. Routine stenting after ureteroscopy for distal ureteral
calculi is unnecessary: results of a randomized controlled
trial. J Endourol 2003;17:871.
[19] Cheung MC, Lee F, Leung YL, Wong BB and Tam PC. A
prospective randomized controlled trial on ureteral stenting after ureteroscopic holmium laser lithotripsy. J Urol
2003;169:1257.
[20] Pollard SG and MacFarlane R. Symptoms arising from
double-J ureteral stents. J Urol 1988;139:37.
[21] el-Faqih SR, Shamsuddin AB, Chakrabarti A, Atassi R,
Kardar AH, Osman MK, et al. Polyurethane internal ureteral stents in the treatment of stone patients: morbidity
related to indwelling times. J Urol 1991;146:1487.

1629

[22] Damiano R, Oliva A, Esposito C, De Sio M, Autorino R and
Armiento M. Early and late complications of double pigtail
ureteral stents. Urol Int 2002;69:136.
[23] Moon TD. Ureteral stenting – an obsolete procedure? J Urol
2002;167:1984.
[24] Hosking DH, McColm SE and Smith WE. Is stenting following ureteroscopy for removal of distal ureteral calculi
necessary? J Urol 1999;161:48.
[25] Chow GK, Patterson DE, Blute ML and Segura JW. Ureteroscopy: effect of technology and technique on clinical
practice. J Urol 2003;170:99.
[26] Lingeman JE, Preminger GM, Berger Y, Denstedt JD, Goldstone L, Segura JW, et al. Use of a temporary ureteral
drainage stent after uncomplicated ureteroscopy: results
from a phase II clinical trial. J Urol 2003;169:1682.
[27] Damiano R, Autorino R, Esposito C, Cantiello F, Sacco R, de
Sio M, et al. Stent positioning ureteroscopy for urinary
calculi: the question is still open. Eur Urol 2004;46:381.
[28] Maheshwari PN, Oswal AT, Andankar M, Nanjappa KM
and Bansal M. Is antegrade ureteroscopy better than
retrograde ureteroscopy for impacted large upper ureteral
calculi? J Endourol 1999;13:441.
[29] el-Nahas AR, Eraky I, el-Assmy AM, Shoma AM, el-Kenaey
MR, Abdel-Latif M, et al. Percutaneous treatment of large
upper tract stones after urinary diversion. Urology
2006;68:500.
[30] Kumar V, Ahlawat R, Banjeree GK, Bhaduria RP, Elhence A
and Bhandari M. Percutaneous ureterolitholapaxy: the
best bet to clear large bulk impacted upper ureteral calculi.
Arch Esp Urol 1996;49:86.
[31] Skreptis K, Doumas K, Siafakas I and Lykourinas M.
Laparoscopic versus open ureterolithotomy. A comparative study. Eur Urol 2001;40:32.
[32] Goel A and Hemal AK. Upper and mid-ureteric stones: a
prospective unrandomized comparison of retroperitoneoscopic and open ureterolithotomy. BJU Int 2001;88:679.
[33] Pearle MS, Pierce HL, Miller GL, Summa JA, Mutz JM, Petty
BA, et al. Optimal method of urgent decompression of the
collecting system for obstruction and infection due to
ureteral calculi. J Urol 1998;160:1260.
[34] Gravina GL, Costa AM, Ronchi P, Galatioto GP, Angelucci
A, Castellani D, et al. Tamsulosin treatment increases
clinical success rate of single extracorporeal shock wave
lithotripsy of renal stones. Urology 2005;66:24.
[35] Resim S, Ekerbicer HC and Ciftci A. Role of tamsulosin in
treatment of patients with steinstrasse developing after
extracorporeal shock wave lithotripsy. Urology 2005;
66:945.
[36] Borghi L, Meschi T, Amato F, Novarini A, Giannini A,
Quarantelli C, et al. Nifedipine and methylprednisolone
in facilitating ureteral stone passage: a randomized, double-blind, placebo-controlled study. J Urol 1994;152:1095.
[37] Porpiglia F, Destefanis P, Fiori C and Fontana D. Effectiveness of nifedipine and deflazacort in the management of
distal ureter stones. Urology 2000;56:579.
[38] Dellabella M, Milanese G and Muzzonigro G. Randomized
trial of the efficacy of tamsulosin, nifedipine and phloroglucinol in medical expulsive therapy for distal ureteral
calculi. J Urol 2005;174:167.

1630

european urology 52 (2007) 1610–1631

[39] Yilmaz E, Batislam E, Basar MM, Tuglu D, Ferhat M and
Basar H. The comparison and efficacy of 3 different
alpha1-adrenergic blockers for distal ureteral stones.
J Urol 2005;173:2010.
[40] Carol PR and Shi RY. Genetic toxicity of high energy
shockwaves: assessment using the induction of mutations or micronuclei in Chinese hamster ovary. J Urol
1986;135:292a.
[41] Chaussy CG and Fuchs GJ. Extracorporeal shock wave
lithotripsy of distal-ureteral calculi: is it worthwhile?
J Endourol 1987;1:1.
[42] Erturk E, Herrman E and Cockettt AT. Extracorporeal
shock wave lithotripsy for distal ureteral stones. J Urol
1993;149:1425.
[43] Miller K, Bachor R and Haumann R. Extracorporeal shock
wave lithotripsy in the prone position: technique, indications, results. J Endourol 1988;2:113.
[44] Vieweg J, Weber HM, Miller K and Hautmann R. Female
fertility following extracorporeal; shock wave lithotripsy
of distal ureteral calculi. J Urol 1992;148:1007.
[45] Francesca F, Scattoni V, Nava L, Pompa P, Grasso M and
Rigatti P. Failures and complications of transurethral ureteroscopy in 297 cases: conventional rigid instruments vs.
small caliber semirigid ureteroscopes. Eur Urol 1995;28:
112.
[46] Yaycioglu O, Guvel S, Kilinc F, Egilmez T and Ozakardes H.
Results with 7.5F versus 10F rigid ureteroscopes in treatment of ureteral calculi. Urology 2004;64:643.
[47] Johnson DB and Pearle MS. Complications of ureteroscopy. Urol Clin North Am 2004;31:157.
[48] Dretler SP. Prevention of retrograde stone migration during ureteroscopy. Nat Clin Pract Urol 2006;3:60.
[49] Desai MR, Patel SB, Desai MM, Kukreja R, Sabnis RB, Desai
RM, et al. The Dretler stone cone: a device to prevent
ureteral stone migration – the initial clinical experience.
J Urol 2002;167:1985.
[50] Watterson JD, Girvan AR, Cook AJ, Beilo DT, Nott L, Auge BK,
et al. Safety and efficacy of holmium: YAG laser lithotripsy
in patients with bleeding diatheses. J Urol 2002;168:442.
[51] Dash A, Schuster TG, Hollenbeck BK, Faerver GJ and Wolf
Jr JS. Ureteroscopic treatment of renal calculi in morbidly
obese patients: a stone-matched comparison. Urology
2002;60:393.
[52] Andreoni C, Afane J, Olweny E and Clayman RV. Flexible
ureteroscopic lithotripsy: first-line therapy for proximal
ureteral and renal calculi in the morbidly obese and
superobese patient. J Endourol 2001;15:494.
[53] Deliveliotis C, Picramenos D, Alexopoulou K, Christofis I,
Kostakopoulos A and Dimopoulos C. One-session bilateral ureteroscopy: is it safe in selected patients? Int Urol
Nephrol 1996;28:481.
[54] Hollenbeck BK, Schuster TG, Faerber GJ and Wolf Jr JS.
Safety and efficacy of same-session bilateral ureteroscopy. J Endourol 2003;17:881.
[55] Bilgasem S, Pace KT, Dyer S and Honey RJ. Removal of
asymptomatic ipsilateral renal stones following rigid
ureteroscopy for ureteral stones. J Endourol 2003;17:397.
[56] Goel R, Aron M, Kesarwani PK, Dogra PN, Hermal AK and
Gupta NP. Percutaneous antegrade removal of impacted

[57]

[58]

[59]

[60]

[61]
[62]

[63]
[64]

[65]

[66]
[67]
[68]

[69]

[70]

[71]

[72]

[73]

[74]

upper-ureteral calculi: still the treatment of choice in
developing countries. J Endourol 2005;19:54.
Karami H, Arbab AH, Hosseini SJ, Razzaghi MR and Simaei
NR. Impacted upper-ureteral calculi >1 cm: bind access
and totally tubeless percutaneous antegrade removal or
retrograde approach?. J Endourol 2006;20:616.
El-Assmy A, El-Nahas AR, Mohsen T, Eraky I, El-Kenawy
MR, Shaban AA, et al. Extracorporeal shock wave lithotripsy of upper urinary tract calculi in patients with
cystectomy and urinary diversion. Urology 2005;66:510.
Rhee BK , Bretan Jr PN, Stoller ML. Urolithiasis in renal and
combined pancreas/renal transplant recipients. J Urol
1999;161:1458.
Kane CJ, Bolton DM and Stoller ML. Current indications for
open stone surgery in an endourology center. Urology
1995;45:218.
Bichler KH, Lahme S and Strohmaier WL. Indications for
open removal of urinary calculi. Urol Int 1997;59:102.
Spencer JA, Chahal R, Kelly A, Taylor K, Eardley I and Lloyd
SN. Evaluation of painful hydronephrosis in pregnancy:
magnetic resonance urographic patterns in physiological
dilatation versus calculus obstruction. J Urol 2004;171:256.
Ulvik NM, Bakke A and Høisaeter PA. Ureteroscopy in
pregnancy. J Urol 1995;154:1660.
Lifshitz DA and Lingeman JE. Ureteroscopy as a first-line
intervention for ureteral calculi in pregnancy. J Endourol
2002;16:19.
Watterson JD, Girvan AR, Beiko DT, Nott L, Wollin TA,
Razvi H, et al. Ureteroscopy and holmium:YAG laser
lithotripsy: an emerging definitive management strategy
for symptomatic ureteral calculi in pregnancy. Urology
2002;60:383.
Lahme S. Shockwave lithotripsy and endourological stone
treatment in children. Urol Res 2006;34:112.
Desai M. Endoscopic management of stones in children.
Curr Opin Urol 2005;15:107.
Van Savage JG, Palanca LG, Andersen RD, Rao GS and
Slaughenhoupt BL. Treatment of distal ureteral stones
in children: similarities to the American Urological Association guidelines in adults. J Urol 2000;164:1089.
Slavkovic A, Radovanovic M, Vlajkovic M, Novakovic D,
Djordjevic N and Stefanovic V. Extracorporeal shock wave
lithotripsy in the management of pediatric urolithiasis.
Urol Res 2006;34:315.
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