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Unable to develop probability estimates for
spontaneous passage, the panel decided simply to
display in the balance sheet the lows and highs in
reported percentages of stones passing sponta-
neously, stratified by location in either the proxi-
mal or the distal ureter and by two size categories
(5 mm or less and 5-10 mm). Not surprisingly,
stones 5 mm or less in diameter located in the dis-
tal ureter appear most likely to pass spontaneous-
ly. The lowest percentage reported is relatively
high at 71 percent, and the range from low to high
is relatively narrow. Tables 1 and 2 on this page
and page 24 show the raw data for spontaneous
passage of ureteral stones as reported in six stud-
ies.

Procedures per patient (primary
and secondary)

The number of procedures per patient to
achieve a successful result is an important out-
come. A primary procedure is considered the ini-
tial type of intervention used for stone removal.
For example, if an individual first underwent

SWL and subsequently required another SWL
treatment, the patient would have been subjected
to two primary procedures. A secondary proce-
dure is any other intervention used for stone re-
moval or management of a complication. For il-
lustration, if a patient initially was subjected to
PNL for treatment of a proximal ureteral stone,
then required SWL to be rendered stone free as
well as angiographic embolization for manage-
ment of a PNL-induced arteriovenous fistula, the
individual would have undergone one primary
procedure and two secondary procedures.

The panel decided to use only data from fixed
lithotripsy centers for this analysis because of the
possibility of altered practice patterns due to litho-
tripter availability in mobile sites (see page 16). A
stratification based on stone location (proximal or
distal) was possible. However, there were not suf-
ficient data to analyze the effects of stone size on
these parameters. The mean numbers of primary
and secondary interventions per patient are listed
in the outcomes balance sheet tables for active in-
terventions.

Table 1. Spontaneous passage of small ureteral stones

Source
Brown, 1985

Ueno et al., 1977

Morse and Resnick,
1991

Ohkawa et al., 1993

Kinder et al., 1987

Sandegaard, 1956

Location as
reported

Ureter

Ureter
Ureter

Proximal ureter
Middle ureter
Distal ureter

Ureter

Upper 1/3
Middle 1/3
Lower 1/3
Vesico-ureteric junction

Upper ureter

Lower ureter

Sample
size

100

311
138

65
25
267

846

84 total

42

192

Stone size as
reported

<5 mm

1-5 mm width
1-5 mm length

1-5 mm
1-5 mm

1-5 mm

<5 mm

<4 mm

Percentage passed
in time frame

88% in 3 months
98% in 1 year

75% in 1 year
88% in 1 year

22% in 300 days
60% in 300 days
71% in 300 days

91% unspecified

75% unspecified
100% unspecified
100% unspecified
94% unspecified

26% in 1 week
43% in 2 weeks
55% in 4 weeks
69% in 12 weeks
81% in 18 months

70% in 1 week
82% in 2 weeks
85% in 4 weeks
90% in 12 weeks
93% in 18 months
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Acute complications
In the panel’s opinion, patients would be most

concerned about the risks of four acute complica-
tions: (1) death, (2) loss of kidney, (3) transfusion
requirement and (4) the need for unplanned sec-
ondary interventions. Therefore, information re-
garding these outcomes is provided separately in
the balance sheet.

The data extraction form (Appendix C) lists a
number of other acute complications. These were
categorized as either significant or less significant
complications for the outcomes balance sheet ta-
bles on page 20. More detailed tables are on
pages 48-62 of Appendix B. Significant complica-
tions include ureteral avulsion, visceral injury,
sepsis, vascular injury, hydro- or pneumothorax,
pulmonary embolism and urinoma. Avulsion is a
potential major complication of URS for proximal
ureteral stones. Reported data were limited, but
the panel believes the risk is less than 1.0 percent.
Examples of less significant complications are
ureteral perforation, perirenal hematoma, ileus,

steinstrasse, wound infection, UTI and stent mi-
gration.

Because complications were not reported
based on stone size in any of the series, risks for
complications are stratified in the outcomes bal-
ance sheet tables only by stone location in either
the proximal or the distal ureter.

The majority of the articles abstracted did not
mention mortality risks. Therefore, the risk for
this complication is listed as very low in the bal-
ance sheet for all treatment options. The same is
true for the risk of kidney loss. Regarding transfu-
sion, data reported for all treatment alternatives
(including PNL and open surgery) were too limit-
ed to calculate meaningful probability estimates.
In the panel’s opinion, however, the risks are
clearly greater for PNL and open surgery.

For distal stones, the data are sparse regarding
development of significant acute complications af-
ter SWL and after open surgical removal. The es-
timated risk for in situ SWL calculated by
FAST*PRO analysis was 3.0 percent (95% CI

Table 2. Spontaneous passage of large ureteral stones

Source
Brown, 1985

Ueno et al., 1977

Morse and Resnick,
1991

Ohkawa et al., 1993

Kinder et al., 1987

Sandegaard, 1956

Location as
reported

Ureter

Ureter
Ureter

Distal ureter

Ureter
Ureter
Ureter
Ureter

Upper 1/3
Middle 1/3
Lower 1/3
Vesico-ureteric junction

Upper ureter

Lower ureter

Sample
size

16

199
359

8

1080
845
176
178

32 total

51

39

Stone size as
reported

5-7 mm

6-9 mm width
6-35 mm length

6 mm

6-10 mm
11-15 mm
16-20 mm
>20 mm

≥6 mm

4-6mm

Percentage passed
in time frame

44% in 1 year

19% in 1 year
41% in 1 year

25% in 300 days

53% unspecified
10% unspecified
2% unspecified
0% unspecified

10% unspecified
14% unspecified
40% unspecified
45% unspecified

2% in 1 week
2% in 2 weeks
2% in 4 weeks
2% in 12 weeks
12% in 18 months

18% in 1 week
23% in 2 weeks
26% in 4 weeks
33% in 12 weeks
46% in 18 months
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1.0-8.0 percent), but the estimated risks for by-
pass and pushback techniques could not be deter-
mined from the available data. However, the esti-
mated overall risk of significant complications af-
ter SWL (for distal calculi) using any of these
techniques was 4.0 percent (95% CI 2.0-7.0 per-
cent). In the panel’s opinion, this estimate is ap-
plicable to SWL of distal stones using stent by-
pass or pushback as it is somewhat higher than
the in situ rate and reflects the more invasive na-
ture of these treatments. An estimated risk for de-
velopment of significant acute complications after
open surgical removal of distal calculi could not
be generated with the FAST*PRO technique. In
the panel’s opinion, the risk would be equivalent
to the risk after open surgical removal of proximal
ureteral calculi.

Long-term complications
The development of ureteral stricture was the

only long-term complication reported with suffi-
cient extractable data for any of the treatment op-
tions. Stricture is not always secondary to the in-
tervention, but may be induced by an inflammato-
ry reaction from the stone, especially when
impacted. The actual risk of stricture is probably

higher than reported for some treatments since de-
velopment of this problem is often clinically silent
and many patients are not routinely subjected to
postoperative upper urinary tract radiographic
studies. However, with ureteroscopic removal, the
current stricture rate may be lower since many of
the data for this therapeutic approach were from
earlier series when surgeons had neither the tech-
nical experience they have today nor the smaller
semirigid and flexible ureteroscopes and array of
intracorporeal lithotripsy devices available today.

The estimated risk for stricture after treatment
of proximal ureteral stones, as determined by
FAST*PRO analysis, was 8.0 percent (95% CI
3.0-16.0 percent) for PNL, 2.0 percent (95% CI
1.0-4.0 percent) for ureteroscopic removal and 1.0
percent (95% CI 0-5.0 percent) for open surgery.
No data were available for SWL. The relatively
high estimated risk after treatment by PNL (8.0
percent) may reflect the selection for PNL of
large, hard, impacted or multiple proximal stones
that have failed other treatments.

The estimated risk for stricture after removal
of distal ureteral stones was 1.0 percent (95% CI
0-2.0 percent) for ureteroscopy. Data were not
sufficient to generate distal stone probability esti-
mates for SWL, blind basketing or open surgery.
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The Ureteral Stones Clinical Guidelines Panel
generated the recommendations in this chapter
based primarily on outcome estimates derived
from data reported in the literature. Where report-
ed data were insufficient, the panel added its ex-
pert opinion in making recommendations. The
methodology is described in Chapter 1.

The panel concluded from reviewing the litera-
ture and analyzing the data that the following out-
come probabilities are the most significant in set-
ting forth recommendations for management of
ureteral calculi:
• the probability of being stone free following

treatment;

• the probability of undergoing more than one
primary procedure;

• the probability of undergoing secondary, un-
planned procedures; and

• the probability of having complications or oth-
er morbidity associated with treatment.
There are six methods for primary manage-

ment of ureteral stones: (1) shock wave lithotripsy
(SWL); (2) ureteroscopy (URS); (3) percutaneous
removal of ureteral stones (PNL); (4) open surg-
ery; (5) blind basket extraction; and (6) observa-
tion.

Most stones in the United States are managed
by either endourology or shock wave lithotripsy,
and most training programs in the U.S. and Can-
ada emphasize nonsurgical approaches. As noted
on page 12, oral pharmacologic agents have also
been used in an effort to optimize stone passage
(Borghi, Meschi, Amato, et al., 1994; Engelstein,
Kahan and Servadio, 1992).

In the panel’s opinion, open surgery should not
be the first-line treatment in most standard pa-

tients (see panel recommendations below). This
opinion is grounded in the fact that, in most pa-
tients, hospitalization and postoperative morbidity
are significantly less with SWL and endourology
than with any open surgical technique.

Shock wave lithotripsy is the least invasive op-
tion available, but also the most likely to require
multiple primary treatments and secondary inter-
ventions in both the proximal and distal ureter.

Ureteroscopy, particularly in the distal ureter,
has the highest stone-free rates but is more inva-
sive than SWL.

Although PNL is theoretically an effective
treatment modality for any ureteral stone, on a
practical basis it is almost always used as a sal-
vage procedure for unsuccessful SWL or URS or
in special situations such as large proximal im-
pacted ureteral calculi.

Panel recommendations for the treatment of
ureteral calculi apply to standard and nonstandard
patients as delineated by the following criteria:

The standard patient is defined as a nonpreg-
nant adult:
• who has a solitary ureteral stone composed of

material other than cystine or uric acid;

• who has not been previously treated for this
stone;

• whose medical condition, including renal
functional status, body habitus and urinary
tract anatomy, permit performance of any of
the accepted active treatment modalities in-
cluding use of anesthesia;

• whose situation is such that all accepted
modalities are available and that permits use
of any of these modalities.
Nonstandard patientsare defined as prepu-

bescent children and other patients who do not

Standard and
nonstandard patients

Panel conclusions from
literature review and

data analysis

Chapter 4 – Ureteral calculi treatment recommendations
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meet the above criteria delineating the standard
patient. For nonstandard patients, the choice of
available treatment options may be limited.

The terms “standard,” “guideline” and “op-
tion,” as used in the panel’s recommendations, re-
fer to the three levels of flexibility for practice
policies defined in Chapter 1 (page 8). A standard
is the least flexible of the three, a guideline more
flexible and an option the most flexible. Options
can exist because of insufficient evidence or be-
cause patient preferences are divided. In the latter
case particularly, the panel considered it important
to take into account likely preferences of individ-
ual patients when selecting from among alterna-
tive interventions.

The first three recommendations below apply
to both proximal and distal ureteral stones.
Subsequent recommendations are categorized,
first, by whether the stone is located in the proxi-
mal or distal ureter and, second, by whether the
stone is 1 cm or less in diameter or greater than 1
cm in diameter. The proximal or upper ureter is
divided from the distal or lower ureter at the point
where the ureter narrows as it curves over the iliac
vessels.

Recommendation: For stones with
low probability of spontaneous passage

The decision that a stone has a low probability
of spontaneous passage is based on both the facts
of the case and professional experience. Factors
that weigh in the decision are the size of the
stone, the shape of the stone, the patient’s internal
anatomy and the history of previous stone pas-
sage. In general, patients whose stones are 0.5 cm

or less in diameter have a good chance of sponta-
neous passage, whereas the chance of sponta-
neous passage for larger stones diminishes consid-
erably.

Although, as a practical matter, it is evident
that the availability of equipment and the exper-
tise of an individual practitioner may affect the
choice of a treatment intervention, it is unaccept-
able to withhold certain treatments from the pa-
tient and not offer them as alternatives because of
personal inexperience or unfamiliarity with one of
the accepted treatment modalities or because of
the local unavailability of equipment or expertise.

Recommendation: For stones with
high probability of spontaneous 
passage

Up to 98 percent of stones less than 0.5 cm in
diameter, especially in the distal ureter, may be
expected to pass spontaneously. How long until
passage occurs, over what period of time passage
takes place and the degree of colic or other symp-
toms are all unpredictable and often bear heavily
on the decision to intervene in such patients. In
the panel’s opinion, for most of these patients the
high probability of spontaneous passage justifies
observation as the initial treatment. However, dif-
ficulties in tolerating pain, multiple trips to the
emergency room or other factors may mandate
treatment in a patient whose stone might other-
wise be expected to pass.

Recommendation: For treatment by
shock wave lithotripsy

Guideline: Routine stenting to increase ef-
ficiency of fragmentation is not recommended
as part of shock wave lithotripsy.

Guideline: In a patient who has a newly
diagnosed proximal or distal ureteral stone
with a high probability of spontaneous pas-
sage, and whose symptoms are controlled, ob-
servation with periodic evaluation is recom-
mended for initial treatment.

Standard: A patient who has a ureteral
stone with a low probability of spontaneous
passage must be informed about the existing
active treatment modalities, including the rel-
ative benefits and risks associated with each
modality.

Panel recommendations
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It has become common practice to place a
ureteral stent, usually a double-J stent, for more
efficient fragmentation of ureteral stones using
SWL. The data analyzed by the panel did not sup-
port the routine use of such stents when the goal
is to improve the stone-free results of SWL. The
data showed no improved fragmentation with
stenting. Routine stenting may be justifiable for
other purposes such as management of symptoms
associated with the passage of stones.

Recommendations: For stones of
1 cm or less in proximal ureter

Although open surgery will usually be suc-
cessful, relatively longer hospitalization and
greater postoperative morbidity with open surgery
mean that SWL should be the first-line treatment
for most patients. Ureteroscopy and PNL are ac-
ceptable choices in situations where SWL may
not be appropriate or as salvage procedures for
failed SWL.

Recommendations: For stones
greater than 1 cm in proximal ureter

Treatment results for large stones in the upper
ureter are less predictable than for small stones.
Shock wave lithotripsy, PNL and URS are all ac-
ceptable options in the upper ureter, but URS may
become less appropriate as the stones encountered
become larger. Open surgery, despite the excellent
stone-free results, should not be the first-line
treatment in most patients with large stones. The

reasons are the same as for patients with small
stones: relatively greater postoperative morbidity
and longer hospitalization. Open surgery may
well be appropriate for nonstandard patients and
is certainly an acceptable alternative as a salvage
measure.

Recommendations: For stones of
1 cm or less in distal ureter

Blind basketing refers to basket manipulation
of distal ureteral stones as practiced prior to the
advent of ureteroscopy and fluoroscopy around
1981. The high success rates attending uretero-
scopic stone removal utilizing fluoroscopic con-
trol, the availability of fluoroscopy as an adjunc-
tive measure and the lack of training in the vast
majority of programs in the technique of blind
basket extraction mean that blind basketing with-
out fluoroscopy and safety guide wire cannot be
encouraged as a treatment choice. The data from
the literature suggest that blind basketing can
achieve a 73-percent success rate. Nevertheless,
the panel’s expert opinion is that guided stone ma-
nipulation (concomitant use of fluoroscopy and
safety guide wire) or ureteroscopic basketing
would be a considerably safer and more effica-
cious option.

Shock wave lithotripsy and URS are each ef-
fective for management of distal ureteral stones.
Each has advantages and disadvantages. Shock
wave lithotripsy is minimally invasive and can of-
ten be performed either without anesthesia or un-
der intravenous sedation, but may require multiple
primary treatments for adequate fragmentation
and is more likely to require ancillary treatment.

Ureteroscopy has a higher success rate, with
the least risk of requiring multiple treatments and
the least risk of an ancillary procedure, but is
more invasive than SWL. Although not studied by

Standard: Open surgery should not be the
first-line treatment.

Guideline: Blind basketing without fluo-
roscopy and guide wire cannot be encouraged
as a treatment choice.

Option: Shock wave lithotripsy and
ureteroscopy are both acceptable treatment
choices.

Guideline: Open surgery should not be
the first-line treatment for most patients.

Option: Shock wave lithotripsy, percuta-
neous nephrolithotomy and ureteroscopy are
all acceptable treatment choices.

Standard: Open surgery should not be the
first-line active treatment.

Guideline: Shock wave lithotripsy is rec-
ommended as first-line treatment for most pa-
tients.
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the panel, cost issues will bear on the patient’s de-
cision as to which treatment method is more ap-
propriate. Availability is also a factor. Ureter-
oscopy is widely available in the current era, as is
SWL, although the availability of SWL will vary
according to whether or not a practitioner is de-
pendent on a mobile machine.

Recommendations: For stones
greater than 1 cm in distal ureter

Large stones in the ureter must be fragmented
prior to ureteroscopic extraction, and SWL must
fragment large stones into passable fragments.
Such stones will likely require more SWL treat-
ments than will smaller stones, and URS may be
preferable when such cases can be anticipated.
Given the high success rates using SWL and
URS, open surgery should not be the first-line
treatment in most patients; but open surgery may
be preferable for certain very large ureteral stones
or in special situations.

The relatively recent development of small
(7.5 to 10.5 F.), actively deflectable, flexible
ureteroscopes has improved endoscopic access to
the upper ureter. Meanwhile, intracorporeal
lithotripsy devices have become more powerful
with the introduction of the Holmium laser
(Ho:YAG). Recent articles suggest that this laser
can effectively fragment virtually any type of uri-
nary calculus (Bagley and Erhard, 1995; Erhard
and Bagley, 1995; Grasso, 1996; Shroff, Watson,
Parikh, et al., 1996). Moreover, because the laser
light can be carried through small, flexible quartz

fibers, Holmium lasers are particularly well suited
for use with small-diameter flexible ureteroscopes
in the upper ureter. The use of flexible uretero-
scopes in combination with the Holmium laser
may allow the efficacy of ureteroscopy in the up-
per ureter to approach the efficacy achieved in the
lower ureter. However, the numbers of cases re-
ported as of this writing are still too small to sig-
nificantly alter the stone-free rates displayed in
the outcomes balance sheet tables (e.g., 72 per-
cent overall for ureteroscopy in the proximal
ureter).

Although shock wave lithotripsy machines
have improved in ease of localization of ureteral
stones, and the requirement for anesthesia has de-
creased, there has been no increase in power or
effectiveness over the original Dornier HM-3. Im-
provements in the fragmentation ability, and
therefore the efficacy, of shock wave machines
await further advances in the understanding of
shock waves, their generation and their stone and
tissue interactions.

Three major challenges in stone research are:
1. Stone prevention:Any kidney stone is poten-

tially preventable. The symptoms, the risks of
treatment and the trauma of the stone event
could in theory be prevented by appropriate
metabolic evaluation and treatment of identi-
fied problems. Such prevention research,
which could eventually result in savings of
hundreds of millions of dollars each year,
would require a high degree of physician-pa-
tient cooperation.

2. A uniform system of stone reporting:Lack
of such a system has hampered the panel in
developing both the Report on the Manage-
ment of Ureteral Calculiand the previous
Report on the Management of Staghorn Cal-
culi. Mr. David Tolley and colleagues have de-
vised a uniform system of reporting which, if
accepted by the major journals, would go a
long way toward standardizing the reporting
of stone results and thus making comparison
of stone results easier and more practical
(Tolley, Wallace and Tiptaft, 1991).

3. Ability to predict the response of a stone to
shock wave lithotripsy: Ureteral stone man-
agement would be optimized if the degree to
which a given stone could be fragmented were
predictable. At present, such prediction is pos-
sible only in the most general way.

Current trends and
recommendations for

further research

Standard: Blind basketing is not recom-
mended as a treatment choice.

Guideline: Open surgery should not be
the first-line treatment for most patients.

Option: Shock wave lithotripsy and
ureteroscopy are both acceptable treatment
choices.
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Appendix D – Techniques for managing urinary calculi

Recorded attempts to treat patients with uri-
nary tract stone disease date back to ancient Egypt
(Dretler, 1995). For bladder stones, the Egyptians
attached a diamond to the end of a hollow reed
with gum and inserted it through the urethra into
the bladder. The goal was to fragment the stone
with the diamond as the patient walked around.

In the first century, A.D., perineal lithotomy
was used by Roman physicians to treat patients
with bladder stones. Perineal lithotomy remained
the accepted method for bladder stone removal
until the 19th century. The stone was crushed
and/or extracted with a forceps through the per-
ineal incision. The procedure, without anesthesia,
required four or five strong men to hold the pa-
tient down. Without sterilized instruments, sepsis
was a common complication. Also common were
severe bleeding, perforated rectum and urinary fis-
tulae—and frequently the patient died.

Surgery under such conditions was obviously
something to be avoided if possible. In Luchnow,
India, in 1782, a Colonel Martin, who was also a
physician, faced the lithotomist’s knife himself
because of a bladder stone that would not pass.
Having exhausted all the nonsurgical remedies of
his day—including bladder instillation of a pow-
dered mixture of lye and pigeon dung—the
colonel was desperate. Finally, he created a file
that could be inserted through his urethra into his
water-filled bladder. By leaning forward so that
the stone was above the bas-fond, he could gently
file the stone—which he did three times a day for
nearly seven months. The stone disintegrated at
last, and he voided the fragments (Thorwald,
1957).

Advances in the 19th century included a
method of intracorporeal lithotripsy invented by
the French surgeon Civiale. A three-prong forceps
could be inserted into the bladder and opened to
trap the stone, which was then crushed by tighten-

ing an adjusting screw. There were other advances
in the 19th and early 20th centuries, including
such landmarks as the development of general
anesthesia and the invention of the cystoscope.
Young (1902) reported the first ureteral dilation
for successful manipulation of ureteral stones.
However, the major advances in treatments for
stone disease have come just in the last few
decades. Extracorporeal shock wave lithotripsy,
ureteroscopy and percutaneous nephrolithotomy,
along with newer methods of intracorporeal
lithotripsy such as laser lithotripsy, have truly rev-
olutionized the management of urinary calculi.

Ever since the first patient with a renal calcu-
lus was successfully treated with shock wave
lithotripsy in 1980, this form of stone therapy has
rapidly gained widespread acceptance to become
the treatment of choice for the majority of renal
and ureteral calculi. Worldwide clinical series
have documented the efficacy of shock-wave
lithotripsy (Chaussy, Schmiedt, Jocham, et al.,
1982; Brown and Preminger, 1988).

Shock waves are high-energy amplitudes of
pressure generated in the air or water by an abrupt
release of energy in a small space. They propagate
according to the physical laws of acoustics and
are transmitted through media with low attenua-
tion. When a shock wave encounters a boundary
between substances of differing acoustic imped-
ance (density), compressive stresses are generated
that may overcome the tensile strength of that ob-
ject. Shock waves travel through water and the
soft tissues of the body with low attenuation be-
cause these materials have similar densities.

However, when kidney or ureteral stones of
any composition are contacted by a shock wave of
sufficient energy, a compression wave is induced

Extracorporeal shock
wave lithotripsy

Historical background
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along the front face of the stone. As a result, the
stone surface facing the shock wave begins to
crumble. As a shock wave crosses the opposite
surface of the stone, part of the energy is reflect-
ed, creating tensile stress and fragmentation.
Repeated shock waves eventually reduce the stone
to small fragments, ideally 2 mm or less in diame-
ter, which may be passed spontaneously.

Extensive clinical testing has determined that
the compression tensile wave phenomenon results
in an implosion rather than an explosion of the
fragments and that the total kinetic energy of all
fragments can be minimized by using a large
number of relatively low-energy shock waves
rather than fewer shocks of higher energy.

Although the basic principles of shock wave
lithotripsy have not changed, a myriad of techno-
logical advances and modifications in the current-
ly available lithotripters have significantly ex-
panded the clinical applications.

Lithotripter instrumentation
All lithotripters share four main features: an

energy source, a focusing device, a coupling
medium and a stone-localization system. The
original Dornier HM-3 design utilizes a spark
plug energy generator with an elliptical reflector
for focusing the shock waves. A water bath or wa-
ter-filled cushion transmits the shock waves to the
patient with stone localization provided by bipla-
nar fluoroscopy. Modifications of the four basic
components of the HM-3 lithotripter have now
provided a new class of lithotripters of which ten
machines are currently either available commer-
cially or undergoing clinical trials. This section on
new instrumentation reviews the features and
principal differences between these lithotripters
with regard to shock wave generation, focusing,
patient coupling and stone localization.

Shock wave generation

The two basic types of energy sources for gen-
erating shock waves are point sources and extend-
ed sources. The electrohydraulic devices (Dornier,
Direx, Medstone, Northgate and Technomed) uti-
lize point sources for energy generation, whereas
extended sources are incorporated in the piezo-
electric devices (Diasonics, EDAP and Wolf) and
the electromagnetic devices (Siemens).

The electrohydraulic shock wave generator is
located at the base of a water bath and produces

shock waves by an electric spark-gap of 15,000 to
25,000 volts of one microsecond duration. The
high-voltage spark discharge produces rapid evap-
oration of water, which generates a shock wave by
expanding the surrounding fluid at the first focal
point (F1). This electrohydraulic generator is lo-
cated within an ellipsoidal reflector that concen-
trates the reflected shock waves at the second fo-
cal point (F2).

Multiple, repeated electrohydraulic shock
waves from a first-generation machine produce
pain at the skin level and within the focal region,
thus requiring general or regional anesthesia dur-
ing lithotripsy.

Anesthesia-free second-generation electrohy-
draulic lithotripters have been developed by
widening the aperture of the ellipse and decreas-
ing the overall energy intensity of the shock wave
generator. However, some form of analgesia, se-
dation or local anesthesia is usually required with
the majority of second-generation electrohydraulic
lithotripters.

Piezoelectric shock waves are generated by the
sudden expansion of ceramic elements excited by
a high-frequency, high-voltage energy pulse. The
motion of the piezoceramic elements generates an
ultrasonic wave which in turn produces a shock
wave directed to the focal point. The shock wave
is then propagated through either a water-filled
bag (EDAP and Diasonics) or basin (Wolf). The
spherical focusing mechanism of the piezoelectric
lithotripters provides a wide region of shock wave
entry at the skin’s surface and a very small focal
region (4 x 8 mm in the Wolf lithotripter). The
combination of a wide aperture of the focusing
sphere, a larger skin-entry zone, a small focal re-
gion and lower peak pressures generated by the
piezoelectric machines has provided an anesthe-
sia-free form of lithotripsy.

In the electromagnetic device (Siemens),
shock waves are generated when an electrical im-
pulse moves a metallic membrane that is housed
within a shock tube. The resulting shock wave
produced in the water-filled shock tube cylinder is
focused by an acoustic lens and coupled to the
body surface with a water cushion. Some form of
sedation and/or local anesthesia is usually re-
quired during treatment with this electromagnetic
lithotripter due to the smaller aperture and moder-
ate peak pressures generated. The Dornier DLC
Compact lithotripter also utilizes an electromag-
netic generator and is currently undergoing clini-
cal trials in the United States.

Archived Document— 
For Reference Only



Page 66 Copyright © 1997 American Urological Association, Inc.

Shock wave focusing

Once shock waves are generated, they must be
focused on the target calculus. The method of fo-
cusing is dictated by the type of shock wave 
generation. Machines that utilize point sources,
such as the electrohydraulic lithotripters, generate
shock waves that travel in an expanding circular
pattern and require ellipsoidal reflectors for fo-
cusing the shock waves at the second focal point.
The array of piezoceramic elements is positioned
on a spherical disc, which allows focusing at a
very small focal region, whereas the vibrating
metal membranes of the electromechanical
lithotripter produce an acoustical wave that re-
quires a lens for focusing the shock wave.

Coupling of the shock wave

The coupling media currently utilized by the
different lithotripters ranges from a 1,000-liter
water bath to an enclosed water cushion. The wa-
ter bath requires unique positioning of the patient
in the tub so that the calculus is at the second fo-
cal point. Modifications in the patient gantry sys-
tem of the first-generation Dornier HM-3
lithotripter now allow the treatment of children as
well as distal ureteral calculi.

Second-generation machines have adopted de-
signs for coupling that minimize the space re-
quirements as well as the physiological and func-
tional disadvantages of a large water bath.
Current models use either an enclosed water
cushion, a small exposed pool of water or a total-
ly contained shock tube. The water-filled cush-
ions and shock tubes contain the shock wave
source, conditioned water and a coupling mem-
brane to allow simplified positioning and dry
lithotripsy. However, the direct water-skin inter-
face utilized by two units (Technomed and Wolf)
is believed by some to offer improved shock
wave coupling.

Stone localization

Stone localization during lithotripsy is accom-
plished with either fluoroscopy or ultrasonogra-
phy. Fluoroscopy provides the urologist with a
familiar modality and has the added benefits of
effective ureteral stone localization. Moreover,
fluoroscopy facilitates the use of contrast material
to help delineate the anatomy of the collecting
system. However, fluoroscopy requires more
space and carries the inherent risk of ionizing ra-
diation to both the patient and medical staff. Yet,

fluoroscopy remains the preferred method of lo-
calizing ureteral calculi.

Ultrasonography is becoming an increasingly
important modality for the urologist.
Sonography-based lithotripters offer the advan-
tages of stone localization with continuous moni-
toring and effective identification of radiolucent
stones, without radiation exposure (Preminger,
1989). Additionally, ultrasound has been docu-
mented to be effective in localizing stone frag-
ments as small as 2 mm. The major disadvan-
tages of ultrasound stone localization include the
need for basic mastery of ultrasonic techniques
by the urologist and the difficulty in localizing
ureteral stones.

Instrumentation for newer
lithotripters 

Currently there are a number of lithotripters in
clinical trials that attempt to incorporate many of
the characteristics of an ideal lithotripter.

The basic design of the newer machines in-
cludes dual-imaging capabilities as well as vari-
able shock wave power. Among these machines
are the Dornier MFL 5000 (HM5), Dornier MPL
9000X, EDAP LT-02, Siemens Lithostar Plus,
Storz, Modulith SL-20 and Wolf Piezolith 2500.

Dual imaging

Dual-imaging capabilities entail having both
fluoroscopic and sonographic localization sys-
tems available in the same machine. Such a de-
sign has the advantage of utilizing fluoroscopy
for imaging stones within the ureter, while having
the option to use sonography for identifying radi-
olucent calculi. Moreover, sonographic capabili-
ties allow one to initially target a stone using flu-
oroscopy and then switch over to ultrasound to
avoid an excessive amount of ionizing radiation.
Having fluoroscopy capabilities may also lessen
the learning curve for many urologists who are
unfamiliar with sonographic stone-localization
procedures.

Interestingly, whereas the Dornier, Siemens
and Storz machines have all added ultrasound ca-
pabilities to provide dual imaging, none of these
systems provides in-line imaging for both the flu-
oroscopic or sonographic localization devices.
For example, with the Dornier and Siemens de-
vices, one can utilize sonography to target a radi-
olucent or biliary tract calculus; yet the patient
must be moved blindly to the fluoroscopy unit
which is in line with the shock wave generator.
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Alternatively, it is possible to utilize the fluoro-
scopic localization system with the Storz ma-
chine, but only the ultrasound is in line with the
shock wave generator.

Of these devices, only the Wolf Piezolith 2500
and EDAP LT-02 at this time have both the fluo-
roscopy and sonography in line with the piezo-
electric shock wave generator. This design permits
rapidly changing from fluoroscopic to sonograph-
ic stone localization without moving the patient
off the treatment dish.

Variable power

All six of the aforementioned third-generation
devices have variable power shock wave genera-
tors that allow the operator to apply the appropri-
ate amount of shock wave energy for a particular
stone. One can turn down the generator power to
provide significantly reduced anesthesia/analgesia
requirements with the Dornier, EDAP, Siemens
and Storz machines, as well as to provide totally
anesthesia/analgesia-free lithotripsy with the Wolf
device. Moreover, the shock wave intensity can be
increased with all four machines to allow ade-
quate fragmentation of extremely hard or large
calculi. However, when using these lithotripters in
the high-power mode, various forms of anesthe-
sia/analgesia are necessary.

Thus, no one has yet developed the ultimate
shock wave which allows totally anesthesia-free
lithotripsy with maximum efficiency. Yet, by vary-
ing the shock wave energy, one can administer a
highly efficient shock wave with the need for
anesthesia/analgesia when high shock wave pres-
sures are indicated. On the other hand, with a
small or soft stone, the shock wave energy can be
significantly decreased to provide minimal-anes-
thesia lithotripsy.

Ureteroscopic stone removal was first reported
in 1980 (Perez-Castro-Ellendt and Martinez-
Pineiro, 1980). It quickly replaced blind basketing
and open surgery for removing stones in the lower
ureter and today is SWL’s chief rival as a treat-
ment choice for these stones. URS allows removal
of stones by basket extraction or with grasping

forceps under direct vision after ureteral dilation.
URS is often the method of choice (rather than
PNL) for fragmenting stones using one of four
methods of intracorporeal lithotripsy described
below: ultrasonic lithotripsy, electrohydraulic
lithotripsy, laser lithotripsy or pneumatic lithotrip-
sy.

Ultrasonic lithotripsy (UL)
Ultrasonic lithotripsy was first described by

Alken in 1982. He had used PNL to fragment kid-
ney stones. Commercially available units consist
of a power generator and an ultrasound transducer
and a probe, both forming the sonotrode. A piezo-
ceramic element in the handle of the sonotrode is
stimulated to resonate, and this converts electrical
energy into ultrasound waves (with a frequency of
23,000-27,000 Hz) which then are transmitted
along the hollow metal probe to create a vibrating
action at its tip. When the vibrating tip is brought
in contact with the surface of a stone, the calculus
can be disintegrated.

The probe must be rigid because sound waves
cannot be transmitted without energy loss along
flexible probes. The probes come in sizes of 10 F.
and 12 F. and are passed through the straight
working channel of a rigid ureteroscope or
nephroscope. Suction tubing can be connected to
the end of the sonotrode probe, thus converting
the unit into a vacuum cleaner for stone frag-
ments. Normal saline at body temperature should
be used as irrigant.

Ultrasonic lithotripsy is generally used for
fragmentation of large stones. However, some uric
acid, calcium oxalate monohydrate or cystine
stones may not break up easily, thereby necessi-
tating EHL.

Besides the risk for perforation and extravasa-
tion of irrigant, UL is associated with noise levels
of around 90 dB several inches from the transduc-
er. For lengthy UL sessions, ear plugs are recom-
mended. Depending on the location of the stones,
retained fragments are seen in 3-35 percent of all
cases treated with ultrasonic lithotripsy. This can-
not be considered a failure in many cases because
the UL is often performed for the debulking of
large stones, to be followed by shock wave litho-
tripsy as part of a planned two-stage procedure.

Electrohydraulic lithotripsy (EHL)
The principles of electrohydraulic lithotripsy

(EHL) were described and developed by a

Ureteroscopy (URS)
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Russian engineer in 1950. This technology has
been used extensively for the destruction of blad-
der stones, and in 1975 reports were published on
its use for the fragmentation of kidney stones
(Raney and Handler, 1975)]. The EHL unit has a
probe, a power generator and a foot pedal. The
probe consists of a central metal core and two lay-
ers of insulation with another metal layer between
them. Probes are flexible and available in multiple
sizes to be used through rigid and flexible nephro-
scopes.

Commercially available EHL units are manu-
factured with power up to 120 volts. The electri-
cal discharge is transmitted to the probe where it
generates a spark at the tip. The intense heat pro-
duction in the immediate area surrounding the tip
results in a cavitation bubble which produces a
shock wave that radiates spherically in all direc-
tions. Collapse of the bubble causes a second
shock wave. These shock waves, repeated at a fre-
quency of 50-100 per second, result in destruction
of the stone.

EHL will effectively fragment all kinds of uri-
nary calculi including the very hard cystine, uric
acid and calcium oxalate monohydrate stones.
Since the probes are small and flexible, they can
be used through flexible nephroscopes and
ureteroscopes to fragment stones in calyces inac-
cessible by UL through a rigid instrument. The
primary disadvantage of EHL is its inability to ef-
ficiently remove the stone fragments. All particles
have to be either washed out during intraoperative
irrigation or grasped with forceps. It is advanta-
geous to fragment the stone into the smallest
number of particles that allow extraction with
grasping devices (usually < 1 cm). There is no
virtue in transforming a large stone into hundreds
of small particles, or even sand-like material, be-
cause a significant amount of time is required to
remove the debris. Overall, EHL should be the
second choice for routine stone fragmentation in
the kidney, but may be the procedure of choice in
the ureter. 

The first experience with electrohydraulic
lithotripsy in the ureter entailed a 6 F. EHL probe
that was fluoroscopically guided to the obstructing
calculus (Reuter and Kern, 1973). The most com-
mon cause of failure in this early experience was
secondary to the operator’s inability to pass the
probe to the level of the stone. An additional early
experience using EHL within the ureter described
the use of a 9 F. probe which provided excellent
fragmentation of the stone. However, 40 percent

of the patients had ureteral extravasation follow-
ing the lithotripsy procedure (Raney, 1975). This
high complication rate was attributed to the large
probe size. The use of a smaller 5 F. EHL probe
through the rigid ureteroscope was compromised
by decreased stone visualization because the
probe occupied most of the working channel of
the rigid ureteroscope (Green and Lytton, 1985).

The development of a smaller 3 F. EHL probe,
used through a flexible ureteroscope, was reported
in 1988 (Begun, Jacobs and Lawson, 1988). More
recently, a 1.9 F. EHL probe has been developed.
It has been quite successful in fragmenting ureter-
al and intrarenal stones. An additional benefit of
these small-caliber probes is improved visualiza-
tion through the flexible ureteroscope, as a larger
portion of the working channel is available for ir-
rigation (Denstedt and Clayman, 1990; Feagins,
Wilson and Preminger, 1990).

Laser lithotripsy
Laser lithotripsy was originally developed for

the management of ureteral calculi; and signifi-
cant advances in laser fibers and power-generation
systems have made laser lithotripsy, in many prac-
titioners’ hands, the treatment of choice for frag-
mentation of ureteral stones (Dretler, 1987).

The pulsed dye laser delivers short one-mi-
crosecond pulsations at 5-10 Hz produced from a
coumarin green dye. A plasma is formed at the
stone surface, resulting in a highly localized
shock wave. The 504-nanometer wave length pro-
duced by the dye laser is selectively absorbed by
the stone and not the surrounding ureteral wall.
Because the energy is delivered in short pulses,
the heat generated is minimal, thus protecting the
ureter (Coptcoat, Ison, Watson, et al., 1987;
Dretler, 1987; Dretler, Watson, Parrish, et al.,
1987).

Initial experience has yielded fragmentation
rates from 64 to 95 percent (Hofmann and
Hartung, 1988; Higashihara, Horie, Takeuchi, et
al., 1990; Morgentaler, Bridge and Dretler, 1990).
Failures have been related to equipment malfunc-
tion (4 to 19 percent) or more often to stone com-
position. Also, the use of EHL and/or basketing
has been necessary as an adjunctive measure with
the laser in some cases of successful stone re-
moval. Use of the pulsed dye laser in the ureter in
all series appears to be safe. No significant intra-
operative or postoperative complications have
been noted.

Archived Document— 
For Reference Only



Page 69Copyright © 1997 American Urological Association, Inc.

Continued development of laser technology
has yielded larger diameter laser fibers able to
fragment hard calculi more effectively. Newer
300- and 320-micrometer fibers are superior to the
200-micrometer fibers in fragmentation of calci-
um oxalate monohydrate and cystine stones
(Dretler and Bhatta, 1991). Fragmentation rates of
greater than 90 percent have been obtained with
the newer fibers.

As the field continues to advance, new lasers
(Alexandrite, q-switched YAG and Holmium) are
now being used as sources for laser lithotripsy
units (Weber, Miller, Rüschoff, et al., 1991).
Initial reports of clinical experience with the
Holmium laser (Ho:YAG) have been especially
favorable (Bagley and Erhard, 1995; Erhard and
Bagley, 1995; Grasso, 1996; Shroff, Watson,
Parikh, et al., 1996; Yiu, Liu, Yiu, et al., 1996).
The reported results indicate that the Ho:YAG ef-
fectively fragments all types of urinary calculi,
wherever they are located and whatever their
composition, including cystine stones.

The Ho:YAG produces light of 2,100 nm, with
tissue penetration of less than 0.5 mm. It is also a
pulsed laser. Various low-water-density, quartz-
fiber delivery systems and various combinations
of endoscopes and laser fibers have been devel-
oped for specific applications. In combination
with the actively deflectable, flexible uretero-
scope, the Ho:YAG has proven ideally suited for
fragmenting stones in the upper ureter (Bagley
and Erhard, 1995). Potential complications of the
Ho:YAG, when used to fragment ureteral stones,
include stricture and possible perforation of the
ureteral wall (Shroff, Watson, Parikh, et al.,
1996). This laser can also be used to cut or ablate
soft tissue, such as bladder neck contracture,
ureteral and urethral strictures and prostate tissue.

Pneumatic lithotripsy
Pneumatic lithotripsy uses a device (frequently

called a lithoclast), in which a compressed air sys-
tem is connected to a pressure box which is con-
nected to a metal rod. Air pulses in the pressure
box drive a metallic bullet that strikes the end of
the rod, driving it against the stone to be frag-
mented. Each air pulse has a pressure of three at-
mospheres, and pulsation frequency is 12-16
Hertz (Schulze, Haupt, Piergiovanni, et al., 1993).
Rods are 2.4 F. to 6 F. in diameter. They can be
used with nephroscopes and cystoscopes for frag-

menting renal or bladder stones and with semi-
rigid or rigid ureteroscopes for fragmenting
ureteral stones.

Pneumatic lithotripsy has at least three advan-
tages (Dretler, 1995). One, it effectively fragments
even the hardest large stones (Denstedt, Eberwein
and Singh, 1992). Two, it is relatively inexpen-
sive. Three, it is relatively safe, with only an occa-
sional perforation of the ureter. Its disadvantages
are that it cannot be used through a flexible
ureteroscope and that it tends to push the stone
cephalad.

Percutaneous endoscopic manipulation of
stones in the renal collecting system, in its devel-
opment, has no precedent in the history of urolog-
ic surgery. The technique evolved, within a
decade, from a procedure undertaken by a few
physicians to a procedure performed routinely by
thousands of urologists worldwide—only to then
be forced into the background by an even more
revolutionary procedure for stone treatment,
namely extracorporeal shock wave lithotripsy.

The PNL procedure begins with a percuta-
neous nephrostomy tract, which needs to be estab-
lished in order to gain access to the intrarenal col-
lecting system. The access tract should enter the
kidney through a posterior calyx, which is usually
facilitated by positioning the patient at 30 degrees
on the fluoroscopy table. In most cases, the lower
or middle pole calyces may be accessed below the
12th rib, but occasionally a supracostal approach
is necessary to optimally reach the targeted stone
(Segura, Patterson, LeRoy, et al., 1985). One
should anticipate possible cephalad renal move-
ment during nephrostomy access placement,
which may alter the proposed approach
(Preminger, Schultz, Clayman, et al., 1987).

The nephrostomy tract is formed by dilating
the skin, fascia, muscles and renal tissues over a
guide wire. Nephrostomy tract dilatation can be
performed using graduated dilators or a balloon
catheter. After the nephrostomy tract has been di-
lated up to a 30 F. (10 mm diameter) size, a hol-
low plastic sheath is placed into the renal pelvis.
A variety of endoscopic instruments may then be

Percutaneous
nephrolithotomy (PNL)
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passed directly into the renal collecting system to
perform various manipulations.

Endoscopy is begun by performing rigid or
flexible nephroscopy. Although specially designed
nephroscopes with a 30-degree side-arm viewing
system are available, a traditional panendoscope
of 24 F. is equally well suited for rigid
nephroscopy and allows visualization and manip-
ulation inside the renal collecting system. Once
the renal pelvis and those calyces that are accessi-
ble to a rigid nephroscope have been visualized
and the surgeon is familiar with the intrarenal
anatomy, flexible nephroscopy can be performed
to inspect individual calyces that may not be with-
in reach of the rigid instrument. With the help of
these flexible instruments, the entire collecting
system can be visualized by taking advantage of
the tip deflection and rotating the instrument in-
side the kidney.

The internal diameter of the working sheath is
usually 30 F., which equals about 1 cm. Stones up
to this size can be extracted intact through the
sheath. For fragmentation of stones inside the re-
nal collecting system or ureter that are too large to
be extracted (greater than 1 cm), the four intracor-
poreal lithotripsy modalities are available: ultra-
sonic lithotripsy (UL), electrohydraulic lithotripsy
(EHL), laser lithotripsy and pneumatic lithotripsy.

Whereas shock wave lithotripsy, ureteroscopy
and percutaneous nephrolithotomy have become
widely embraced as treatments of choice for the
majority of renal and ureteral calculi, the indica-
tions for open surgery have decreased dramatical-
ly. Assimos, Boyce, Harrison, et al. (1989) found

that, of 893 stone procedures performed since the
introduction of lithotripsy at their institution, 4.1
percent required open surgery for renal calculi.
The most common indication for open surgery
was failure of lithotripsy or percutaneous
nephrolithotomy.

Morbidly obese patients often require open
surgery. Their body habitus precludes fluoroscopic
or sonographic localization or effective treatment
of renal calculi because the shock waves become
attenuated in the excess tissue. Also, the large
amount of adipose tissue in the flank may prevent
placement of an Amplatz sheath into the renal
pelvis during percutaneous nephrostolithotomy.

Stones in a collecting system with distal ob-
struction may require open surgery with concomi-
tant pyeloplasty. In addition, obstructed or scarred
calyceal infundibula can be repaired with calyor-
rhaphy or calycoplasty after removal of the stone
(Resnick, 1981). Coagulum pyelolithotomy may
be helpful in patients with many small stones in
multiple calyces. This procedure could also be of
benefit for clearing small residual calculi in pa-
tients who have undergone anatrophic
nephrolithotomy (Patel, 1973).

For branched renal calculi, surgical procedures
beyond simple open pyelolithotomy may be nec-
essary for stone removal. Anatrophic nephrolitho-
tomy is based on the blood supply to the kidney,
using the relatively avascular plane of Brodel’s
line for the lateral renal parenchymal incision pri-
or to entering the collecting system. This ap-
proach permits wide exposure of the renal pelvis
enabling en bloc removal of the branched calculi
with minimal residual calculi (Blandy and Singh,
1976). Patients with complex stones or evidence
of parenchymal loss may benefit from either par-
tial or complete nephrectomy for stone disease
(Assimos, Boyce, Harrison, et al., 1989).

Open surgery

Archived Document— 
For Reference Only



Page 71Copyright © 1997 American Urological Association, Inc.

Index

A
Alexandrite lasers, 11
Avulsion, 13, 24

B
Balance sheet

definition and description of, 15
tables, 18-21

Basket extraction
and distal ureteral stones, 5, 6, 17, 25, 28, 29
and proximal ureteral stones, 16, 17
and ureteroscopy, 2, 6-7, 11, 13, 29
blind, 1, 5, 6, 7, 12, 15-16, 17, 26, 28, 29
definition and description of, 6-7, 28
outcomes of, 8, 15-16, 25
recommendations for, 5, 6, 7, 12, 28, 29

C
Calcium monohydrate and dihydrate calculi, 1, 2, 11
Calcium phosphate calculi, 11
Complications of treatment, 2, 13, 16, 24-25. See also

specific complications.
Confidence profile method, 9-10, 15
Cystine calculi, 1, 3, 11, 26

D
Death, 24
Distal ureteral stones, definition of, 3, 11, 27
Dornier HM-3 shock wave machine, 13, 29
Drugs. SeePharmacologic agents.

E
Electrohydraulic lithotripsy (EHL), 2, 13

F
FAST*PRO meta-analysis software package, 8, 9, 15,

17, 24, 25
Fluoroscopy, 1, 5, 6-7, 12, 14, 15-16, 28

H
Holmium lasers, 11, 29
Hospitalization, 6, 14, 26, 28
Hydrothorax, 24

I
Intracorporeal lithotripsy, 11, 13, 16, 29

K
Kidney, loss of, 24

L
Laparoscopy, 1, 12, 16
Laser lithotripsy, 2, 11, 13, 29
Lithotripters, fixed and mobile, 2, 16, 23

M
Mortality, seeDeath.

O
Observation

and distal ureteral stones, 1-2, 3-4, 6, 23, 24
and proximal ureteral stones, 1-2, 3-4, 6, 23, 24
as treatment option, 1-2, 12, 26
factors in deciding against intervention, 1-2, 3, 6, 11,

17
outcomes of, 8, 15,17
recommendations for, 3, 6, 27

Obstruction, 2, 12, 14
Open surgery

and complications, 24-25
and distal stones, 5, 6, 7, 17, 24, 28, 29
and proximal stones, 4, 5, 6, 17, 25, 28, 29
as treatment option, 1, 2-3, 4, 11, 12, 26
outcomes of, 15, 25
recommendations for, 4, 5, 6, 7, 26, 28, 29

Outcomes. See Outcomes under specific treatment
methods.

P
Pain, 1-2, 6, 12, 27
Patient

complications most concerned about, 24
informing about treatment options, 3, 27
standard and nonstandard, 3, 26-27

Percutaneous nephrolithotomy (PNL)
and complications, 24
and distal ureter, 16
and proximal ureter, 2, 5, 6, 17, 25, 26

Archived Document— 
For Reference Only



Page 72 Copyright © 1997 American Urological Association, Inc.

as outcome, 8, 15, 17, 23
as treatment option, 1, 2, 11, 12, 13-14, 26
recommendations for, 5, 6, 26, 28

Pharmacologic agents, 1, 12, 26
Pneumatic lithotripsy, 2, 13
Pneumothorax, 24
Primary and secondary procedures, 15, 16, 23, 26
Proximal ureteral stones, definition of, 3, 11, 27
Pulmonary embolism, 24

R
Radiographic assessment (KUB), 1, 12, 17
Rifamycin, 11
Rowatinex™, 12

S
Secondary, unplanned procedures, 23, 26
Sepsis, 14, 24
Shock wave lithotripsy (SWL)

and complications, 2, 13, 16, 24-25
and distal stones, 5, 6, 7, 17, 24-25, 28, 29
and proximal stones, 5, 6, 17, 25, 28
as treatment option, 1, 2, 4, 11, 12-13, 14, 26
outcomes of, 8, 15, 16, 17, 23, 24-25
recommendations for, 4, 5, 6, 7, 26, 27-28, 28-29
used to treat women of childbearing age, 13

Spontaneous passage
and distal stones, 1, 4, 6, 12, 23, 27
and oral pharmacologic agents, 1, 12
and proximal stones, 1, 3, 4, 12, 23, 27
as outcome, 10, 17, 23
of large ureteral stones (Table 2), 24
of small ureteral stones (Table 1), 23
recommendations relating to, 3, 4, 6, 27

Stents, 4, 6, 14, 27-28
Stone-free rates

and open surgery, 6, 16, 17, 28
and percutaneous nephrolithotomy (PNL), 14, 16, 17

and shock wave lithotripsy (SWL), 6, 16, 17
and ureteroscopy (URS), 17, 29
as outcome, 15-17, 23, 29

Stones, seeUreteral calculi.
Stricture, 16, 25

T
Transfusions, 14, 24

U
Ultrasonic lithotripsy, 2, 13
Ureteral calculi

composition of as related to treatment, 1, 3, 11, 16
definition of, 1, 11
greater than 1 cm, 5, 6, 7, 15, 17, 28, 29
less than or equal to 1 cm, 4, 5, 6, 15, 17, 28-29
location of as related to treatment, 1, 2, 11, 12, 14,

16, 17, 27
Size of as related to treatment, 1-2, 3, 10, 11, 12, 16,

17, 23, 27
struvite, 1, 17

Ureteral stricture. SeeStricture.
Ureteroscopes, 13, 14, 25, 29
Ureteroscopy (URS)

and basket extraction, 2, 6-7, 11, 13, 29
and complications, 25
and distal stones, 5, 6-7, 17, 26, 29
and proximal stones, 5, 6, 17, 25, 29
as treatment option, 1, 2, 11, 12, 13, 14, 26
in conjunction with types of lithotripsy, 2, 13
outcomes of, 8, 15, 16, 25, 26
recommendations for, 5, 6, 7, 26, 28, 29

Uric acid calculi, 3, 11, 26
Urinary tract infection, 2, 12, 24
Urinoma, 24

V
Vascular injury, 24
Visceral injury, 24

Archived Document— 
For Reference Only



Megan Cohen
Health Policy Director

Suzanne Boland Pope
Guidelines Manager

Julie Bowers
Guidelines Assistant

Joyce Brown
Guidelines Assistant

Kim Hagedorn
Health Policy Projects Coordinator

American Urological Association, Inc.

This report on the Management of Ureteral Calculi was developed by the Female Stress Urinary Ureteral
Stones Guidelines Panel of the American Urological Association, Inc.

This report is intended to furnish to the skilled practitioner a consensus of clear principles and strategies for
quality patient care, based on current professional literature, clinical experience, and expert opinion. It does not
establish a fixed set of rules or define the legal standard of care, pre-empting physician judgment in individual
cases.

An attempt has been made to recommend a range of generally acceptable modalities of treatment, taking in-
to account variations in resources and in patient needs and preferences. It is recommended that the practitioner
articulate and document the basis for any significant deviation from these parameters.

Finally, it is recognized that conformance with these guidelines cannot ensure a successful result. The para-
meters should not stifle innovation, but will, themselves, be updated and will change with both scientific knowl-
edge and technological advances.

Board of Directors (1997 – 1998)

Practice Parameters, Guidelines and Standards Committee (1997 – 1998)

Health Policy Department Staff and Consultants

Roy J. Correa, Jr., MD*
William R. Turner, Jr., MD*
Jack W. McAninch, MD
Martin I. Resnick, MD*
Winston K. Mebust, MD*
Brendan M. Fox, MD
Thomas P. Ball, Jr. MD*

Joseph W. Segura, MD, Chair
Ian M. Thompson, Jr., MD, Vice Chair
Rodney A. Appell, MD
Roy J. Correa, Jr., MD, Ex Officio
Roger R. Dmochowski, MD
Jack S. Elder, MD
Thomas C. Fenter, MD, Consultant
John B. Forrest, MD
Charles E. Hawtrey, MD, Consultant

Gerald P. Hoke, MD
Stuart S. Howards, MD
John D. McConnell, MD, Consultant
Winston K. Mebust, MD, Ex Officio
Sharron L. Mee, MD
Glenn M. Preminger, MD
Martin I. Resnick, MD, Ex Officio
Claus G. Roehrborn, MD, Facilitator
Linda D. Shortliffe, MD, Consultant

Joseph A. Smith, Jr., MD, Consultant
Datta C. Wagle, MD
Hanan Bell, PhD, Methodology

Consultant
Curtis Colby, Medical Editor

Consultant
Patrick M. Florer, Database

Consultant

Robin Hudson
Health Policy Projects Assistant

Theresa Lincoln
Health Policy Projects Clerk

Lisa Emmons
Health Policy Manager

Tracy Kiely
Health Policy Analyst

Betty Wagner
Health Policy Assistant

Scott Reid
Government Relations Policy Analyst

Roger Woods
Government Relations Assistant

Randolph B. Fenninger
Washington Liaison

William Glitz
Public Relations Consultant

Dennis J. Card, MD*
Joseph C. Cerny, MD*
Joseph N. Corriere, Jr., MD
H. Logan Holtgrewe, MD
Lawrence W. Jones, MD*
David L. McCullough, MD*
Harry C. Miller, Jr., MD*

Gerald Sufrin, MD*
Robert S. Waldbaum, MD*
G. James Gallagher
Melanie H. Younger

*Voting member

Archived Document— 
For Reference Only



American Urological Association, Inc.
1000 Corporate Boulevard
Linthicum, Maryland 21090 

ISBN 0-9649702-4-4

S
eptem

ber 1997
R

eport on the M
anagem

ent of U
reteral C

alculi

Archived Document— 
For Reference Only




