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ABSTRACT

A systematic clinical approach is required for the diagnosis and management of renal and ureteral stones. The presenting
symptoms, past medical history, medications, and physical examination all provide clues to the diagnosis of urinary
stones. In the acute setting, noncontrast helical computerized tomography has emerged as the first line imaging test for
renal colic. More traditional imaging tests are also important in the management of stone disease. After making the
diagnosis of a urinary stone, the urologist should discuss the advantages and disadvantages of all treatment options with
the patient. For most stone patients today, many equally effective treatment approaches can exist for the same problem.
To help direct surgical management, guidelines for stone management have been devised. With technologic advances,
stone treatment has improved and complications have decreased. While patient care has been significantly impacted by
use of effective endourologic techniques, patients should complete imaging tests following surgery to assure a stone-free
state. In addition, recurrent stone formers should complete a medical stone evaluation to identify treatable causes of their
stones.

Uteroscopy, percutaneous ultrasonic lithotripsy, shockwave lithotripsy, surgical treatment, renal calculus, staghorn
calculus, ureteral calculus.
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Despite ongoing clinical advances, urinary stones
remain a major medical problem in our
population. The evaluation and management of
urinary stones has radically changed in recent
years.'7 At the same time, understanding of urinary
stone pathogenesis has evolved to aid in the
prevention of stones. Throughout the United States
and in other areas of the world, urinary stone
development is dependent not only on medical issues
but also on environmental factors.®!® While these
issues ultimately influence the treatment and
prevention of urinary calculi, such ideas are far from
the minds of patients presenting with an acute stone
crisis. Today, the evaluation of stones is based on
history and physical examination, laboratory testing,
and radiographic imaging.>¢ Treatment of urinary
stones is based on the application of advanced
technology and the use of endourologic techniques.
While the tremendous advances in stone evaluation

and management have had a positive impact on
patient care; areas of controversy remain, especially
in light of the ever-changing technology. Indeed, in
the current era, many equally effective options exist
for the evaluation and treatment of urinary calculi.
In this review, we describe the current evaluation and
management of renal and ureteral stones.

Clinical presentation and evaluation. Multiple
clinical presentations can exist for renal and ureteral
stones, however the majority of patients report
symptoms of classic renal colic, flank pain, or
irritative voiding.>® The majority of urinary stones
are calcium-based, however, in certain subsets of the
population and in specific geographical areas
throughout the world, patients are predisposed to
other types of urinary stones (Table 1).2¢  The
pathogenesis of specific types of urinary stones has
been previously described in detail.>!!  Ureteral
stones are generally thought to form proximally in
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Table 1 - Comparison of more common urinary stones.

Composition Incidence | Density Appearance on plain x-ray urine pH Other
1. Calcium 70-80% multiple factors in pathogenesis
Phosphate +++++ very opaque variable
Oxalate ++++ opaque
2. Struvite 10-20% +++ moderately opaque, commonly staghorn basic “coffin-1id” crystals in urine
3. Cystine 1-5% ++ slightly opaque, ground glass appearance acidic autosomal recessive inheritance
4. Uric Acid 5-10% + radiolucent acidic humans lack hepatic uricase enzyme

the kidney and cause a variety of clinical systems
during migration towards the bladder. Renal stones
can involve select calyces or extensively branch to
fill multiple calyces and the renal pelvis. The latter
type of stone is often referred to as a staghorn
calculus. Staghorn calculi are commonly composed
of struvite or infection stone; however, uric acid,
cystine, and very rarely, calcium stones can present
in this configuration. Presenting symptoms help
approximate stone location. In general, more
patients are symptomatic from ureteral stones than
renal stones. For instance, stones located in the
distal ureter or at the ureterovesical junction are
frequently associated with wurinary frequency,
stranguria, urgency, and sometimes even urge
incontinence. Stones located in the upper or middle
ureter often present with classic symptoms of renal
colic. The sharp, wave-like, spasmotic flank pain of
renal colic is commonly the end result of increased
ureteral peristalsis in conjunction with a degree of
ureteral blockage. Patients with classic renal colic
frequently describe radiation of pain into the lower
back or groin. Nausea and vomiting secondary to
peritoneal inflammation are not rarely associated
with stones. In some instances, however, the
presence of a stone may be completely
asymptomatic. A detailed review of the past medical
history, past surgical history, and medications is

Table 2 - Differential diagnosis of urinary stone pain.

necessary. Frequently, this information will provide
important diagnostic information and clues to the
stone pathogenesis. For instance, a patient with
chronic dehydration secondary to chronic diarrhea or
an ileostomy is frequently at increased risk for uric
acid stones. Struvite stones are more common in
women with flank pain and a history of recurrent
urinary tract infections. In some instances, the
medication history can provide very specific clues to
a possible stone diagnosis. For instance, the
presentation of renal «colic in a human
immunodeficiency virus patient on protease
inhibitors would suggest the possibility of indinavir
calculi.! Development of flank pain in a
middle-aged hypertensive patient on triamterene
could suggest a stone secondary to those crystals,
however a diagnosis of a calcium stone would still be
more likely. In laxative abusers, analysis of the urine
can classically show ammonium urate crystals. The
differential diagnosis for renal colic and flank pain is
extensive. The accurate diagnosis of the urinary
stones is quite important, as the mimics of renal colic
can often represent more substantial and possibly,
life-threatening situations (Table 2).>¢ For instance,
a patient with a dissecting thoracic aneurysm or
symptomatic abdominal aortic aneurysm can present
with symptoms of renal colic or flank pain. Also,
development of right lower quadrant pain could

Cutaneous Herpes zoster
Cardiac Angina, Myocardial infarction
Pulmonary Lower lobe pneumonia, empyema, infarction
Gastrointestinal
diverticulitis, incarcerated hernia
Urinary
testicular tumor
Reproductive
Vascular Aortic aneurysm, aortic dissection

Acute cholecystitis, gastroenteritis, gastritis, PUD, colitis, appendicitis, hepatitis, bowel obstruction, tumor, pancreatitis,

Acute pyelonephritis, acute cystitis, blood clot, tumor, sloughed papilla, fungus ball, acute epididymitis, testicular torsion,

Acute salpingitis, ectopic pregnancy, ovarian cyst, tuboovarian abscess, mittelschmerz, endometriosis
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represent a urinary stone, however in the right
clinical situation, an appendicitis must also be
considered. Eskelinen et al prospectively analyzed
1333 patients evaluated for acute abdominal pain.
For the 59 patients initially diagnosed as having
acute renal colic, 81% were noted to have the correct
diagnosis. In only 9 other patients, the correct
diagnosis of acute renal colic was missed at
presentation.”>?  Therefore, despite the occasional
pitfalls, history and physical examination continue to
play an important role in stone management. The
physical examination frequently suggests the
diagnosis of urinary calculi thereby guiding the
radiologic assessment and laboratory evaluation. All
patients undergoing an evaluation for urinary stones
should have vital signs completed and an assessment
of general well-being. A physical examination
tailored to the genitourinary, gastrointestinal, and
reproductive system is completed. Classically,
patients with renal colic will have significant
costovertebral angle tenderness and the stone
diagnosis is confirmed with diagnostic tests.
Laboratory tests are very helpful in the diagnosis and
management of urinary stones. All patients routinely
should complete a urinalysis and Gram stain or
culture. Most patients with stones will have at least
microscopic hematuria; however, depending on the
clinical scenario, a stone can be present without
hematuria.  Additionally, the urinalysis provides
important information regarding the urine pH and
presence of bacterial infection. Microscopic
assessment of the urine is equally important, as this
evaluation can provide important clues to the
diagnosis of urinary calculi. For instance, the
presence of hexagonal crystals in the urine sediment
of a young child with acidic urine, suggests a
diagnosis of cystine stones. Furthermore, presence
of coffin-lid shaped crystals in the urine sediment of
a middle-aged female with recurrent urinary tract
infections and alkaline urine would suggest a
diagnosis of struvite stones. For patients with pyuria
or bacteriuria, or both, assessment of the white blood
cells is needed to exclude systemic infection. In
addition, an electrolyte panel is commonly obtained
to assess renal function. Use of noncontrast, helical
computerized tomography (CT) has become the
recommended initial test for evaluating acute flank
pain.’*7 Helical CT is less invasive and less risky
than excretory urography and provides a more
thorough assessment of the abdomen and
retroperitoneum. Helical CT is more sensitive than
both excretory urography and conventional CT, and
helical CT allows for use of overlapping image
reconstruction that facilitates precise identification of
even small ureteral calculi. Helical CT also
incorporates rapid image acquisition techniques to
limit respiratory artifact. With noncontrast helical
CT, the diagnosis of obstruction relies on the
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presence of hydronephrosis and stranding of the
perinephric fat.® In the emergency room setting,
helical CT provides a rapid and accurate diagnosis
for the patient with renal colic. Recently, stone
composition has also been determined with
noncontrast helical CT.** While diagnostic testing
in the emergency room setting has evolved into a less
invasive approach, frequently a "gold standard" test
is warranted in the non-acute setting. For instance,
excretory urography is very important in the
preoperative planning of patients with complex
urinary stones and is an effective test to exclude
postoperative urinary obstruction. Retrograde
pyelography at the time of surgery provides valuable
knowledge of ureteral anatomy. In addition,
retrograde pyelography and CT remain important
tests for the evaluation of most radiolucent stones.
Furthermore, plain radiographs, nephrotomograms,
and ultrasound remain helpful tests in various
clinical situations. After completing the assessment
of the patient and making the diagnosis of a urinary
stone, the decision making process depends on many
factors including patient age, body habitus, stone
diameter, stone location, perceived stone
composition, presenting symptoms, prior stone
history, and patient anatomy. Symptomatic renal
stones for the most part are treated on more of an
elective basis, while ureteral stones more commonly
prompt an emergency room evaluation. Indeed, if
the patient is diabetic, looks ill, has a positive urine
gram stain or culture, or has evidence of urinary
obstruction, then urgent intervention is warranted.
Other patients that require immediate intervention
include patients with ureteral obstruction of a solitary
kidney and bilateral complete ureteral obstruction
with anuria. Many patients with an imperative need
for treatment are initially managed with temporary
drainage; however, in the right clinical situation
definitive treatment is not unreasonable. Temporary
drainage is completed with cystoscopy and stent
placement or percutaneous nephrostomy tube
drainage. Traditionally, the favored way to
decompress the upper tract was percutaneous urinary
drainage. In a study by Pearle et al, cystoscopic stent
placement and percutaneous nephrostomy both
effectively relieved obstruction due to infected
ureteral calculi and neither treatment demonstrated
superiority in promoting a more rapid recovery after
drainage.’  After  undergoing  upper  tract
decompression, patients are monitored for signs or
symptoms of sepsis and treated with broad-spectrum
antibiotics until the culture results are obtained.
After the infection has been adequately treated, these
patients then undergo definitive surgical treatment.

For patients with wunrelenting renal colic,
hospitalization for pain control and definitive
treatment of the ureteral stone is warranted.

Uninfected patients with moderate symptoms of
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renal colic are frequently given a period of time for
spontaneous passage of the ureteral stone. Stone size
and location are helpful in determining the
probability of spontaneous stone passage. In the
series of 520 patients, Ueno et al evaluated the
frequency of spontaneous stone passage. For a stone
diameter of <4 mm, 4-6 mm, and >6 mm,
spontaneous stone passage was observed 80%, 59%,
and 21% of the time. The overall spontaneous stone
passage rate was 55%.2 In a meta-analysis of 6
series of patients, Hubner et al reported an overall
spontaneous stone passage rate of 38% in 2704
patients. They noted 57% of stones < 4 mm
spontaneously passed. The observation period and
time to intervention among the 6 series included in
the meta-analysis was variable.®> Segura et al also
completed a meta-analysis of 327 articles with
acceptable outcome data.* For stones < 5 mm in
diameter in the proximal ureter the spontaneous
passage rate was 29-98%, whereas a rate of 71-98%
was reported for the same sized stones in the distal
ureter. Spontaneous passage for 5-10 mm stones was
10-53% in the proximal ureter and 25-53% in the
distal ureter. Conservative  ureteral stone
management is abandoned in the presence of the
following: new evidence of infection or obstruction,
intractable pain, inability to pass the stone, and for
socioeconomic reasons.  Furthermore, as stone
treatment has become relatively easier to perform
and less invasive for the patient, enthusiasm for a
conservative approach to symptomatic stone disease
has dwindled. The surgical goals include complete
removal of the stone burden, reversal of presenting
complaints, and preservation of renal function.
Management of renal and proximal ureteral
stones. Surgical options for upper tract stones
include extracorporeal shock wave lithotripsy
(SWL), percutaneous nephrolithotomy (PL),
ureteroscopy ~ (URS)  with  nephrolithotomy,
combination  treatments, or open  surgery.
Advantages and disadvantages exist for each
treatment thus surgical management of renal and
proximal ureteral stones must be tailored to the
individual patient. First line treatment for most renal
stones < 2.5 cm in diameter is SWL, however the
recommendation depends somewhat on the
lithotripsy device as well as other patient and
technical factors. Optimal treatment of lower pole
renal stones (SWL, URS, or PL) is currently under
investigation. The American Urological Association
(AUA) has devised specific guidelines for
management of staghorn stones.”> According to the
guidelines, newly diagnosed staghorn stones require
active treatment. All treatment options must be
discussed in detail with the patient. As a guideline,
PL followed by SWL or repeat PL should be used for
most patients with a standard staghorn calculus. As a
guideline, neither SWL monotherapy nor open

surgery should be considered first-line treatment for
staghorns in most standard patients. As options, PL
and SWL are equally effective in treating
small-volume staghorns when the renal anatomy is
normal or near normal. Also as an option, open
surgery is appropriate therapy when the stone cannot
be treated effectively by PL or SWL. Nephrectomy
is a reasonable option for a poorly functioning
kidney bearing a staghorn stone. The recommended
AUA guidelines were also reported as the most
cost-effective methods for treatment of staghorn
stones in a previous investigation.” The American
Urological Association guidelines have also been
established for proximal ureteral stones* As a
guideline, stones likely to pass can be placed on
observation therapy with periodic evaluation. For all
other stones, definitive treatment is recommended.
Placement of a ureteral stent to facilitate stone
fragment passage after SWL should not be routinely
used to increase stone-free rates. First line therapy
for stones < 1.0 cm in the proximal ureter is SWL.
Percutaneous nephrolithotomy or URS are used for
salvage treatment or if SWL is contraindicated. For
stones > 1.0 cm in the proximal ureter, SWL, PL, and
URS are all acceptable treatments.

Percutaneous  surgery. Percutaneous
nephrolithotomy is completed after the collecting
system is entered through the flank, the percutaneous
tract is developed over a guidewire, and a rigid
nephroscope is introduced for stone visualization.!
Percutaneous nephrolithotomy is usually completed
in conjunction with an ultrasonic probe for stone
fragmentation. Renal stones and proximal ureteral
stones can sometimes be removed intact. For
staghorn stones or multiple renal stones effectiveness
of PL is sometimes limited by the intrarenal anatomy
of the patient, however this is less of an issue in the
era of flexible nephroscopy. Additional
percutaneous tracts are sometimes needed to remove
the entire stone burden. In general, if more than 2 or
3 tracts are needed for a stone-free state, then an
alternative treatment plan should be devised.* At the
completion of PL, the entire collecting system should
be inspected to assure the patient is stone-free.
Postoperative imaging studies should also be
obtained to exclude residual stones.”’” Not rarely,
residual stones will be discovered on the basis of
radiographic studies that warrant additional surgery.
Overall, PL has been used to remove large volume
stones with excellent stone-free results. In our
experience we have found PL most effective for
large staghorn calculi. Segura reviewed a 1000 cases
of PL and noted an overall success rate of 98% for
renal stones and 88% for ureteral stones.”® Patterson
et al specifically reported on 68 patients with 74
struvite stones treated by PL and followed for 3 years
postoperatively. The overall stone-free rate initially
was 91%. At 3 years 89% of patients discharged
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stone-free from the hospital remained stone-free,
whereas 62% of patients who were initially not
stone-free had recurrent stones.” In a large series of
patients treated by Lee et al, an initial stone-free rate
of 85% was reported for PL. Interestingly, at
6-month follow-up, the stone-free rate had actually
increased to 92%.° Chibber et al recently noted a
stone-free rate of 85% for patients treated in the
SWL era?' For a select group of morbidly obese
patients, results from PL were comparable to results
for the general patient population.’> As previously
suggested, patients with multiple large renal pelvis,
or calyceal stones are effectively treated with PL.
Lingeman et al compared treatment with SWL to PL
for non-staghorn renal stones with aggregate sizes up
to 3.0 cm. For stone burdens < 1.0 cm, 1.0-2.0 cm,
2.0-3.0 cm, and >3.0 cm, PL yielded stone-free rates
of 88%, 91%, 90%, and 75%; while SWL yielded
stone-free rates of 77%, 75%, 43%, and 29% .3 For
large lower pole stones, Lingeman also reported
higher overall stone-free rates with PL (90%) as
opposed to SWL (59%). In a prospective,
randomized study comparing PL and SWL for
definitive treatment of lower pole renal stones,
Lingemann et al noted that the 3 month stone-free
rates for a stone 1.1-2.0 cm were 10% with SWL and
75% with PL3* For proximal ureteral stones, PL
provides another effective treatment option.
However, given the success of SWL and URS,
routine PL for all proximal ureteral stones is not
indicated. Indeed, PL is used for patients in which
SWL is contraindicated or as a salvage procedure for
upper tract stones. Netto et al retrospectively
reviewed 145 patients undergoing either PL, SWL,
or URS for proximal ureteral stones and noted
stone-free rates of 100%, 95%, and 92% .3 In other
studies, stone-free rates of 96-100% are reported.’*
Percutaneous nephrolithotomy remains the most
invasive of the minimally invasive treatments for
stones. Complications from PL are related to either
percutaneous access or to stone removal. While the
complication rates related to stone removal with PL
are similar to other endourology techniques, the
complications related to percutaneous access are
more varied and tend to be more significant.?®?
Injury to a branch intrarenal artery is probably the
most significant problem, however the incidence of
this problem is <1%.2® Despite routine preoperative
antibiotic use, septic shock is a possibility after PL.
The most likely cause of sepsis is introduction of
infected fluid into the bloodstream during the
procedure.

Lithotripsy. While SWL is the treatment of choice
for most renal and proximal ureteral stones,?*? SWL
monotherapy is not considered a first-line therapy for
large staghorn stones, large non-staghorn stones,
large cystine stones, and many large lower pole
stones. Previous reports have noted overall
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stone-free rates of 22-67% for staghorn calculi,
29-77% for other renal stones stratified by size, and
57-96% for proximal ureteral stones.** In select
situations, however, SWL monotherapy can provide
excellent results for less standard stones. Factors
influencing the success of SWL include not only
stone burden but also stone location, intrarenal
anatomy, choice of lithotripsy machine, and required
ancillary procedures. Elbahnasy et al studied the role
of lower pole anatomy on stone clearance after
SWL.#2 They noted a narrow infundibulopelvic
angle, a long infundibular length, and a narrow
infundibular width were adverse predictors of stone
passage after SWL.#  Similar to the previous
investigation by Lingeman et al comparing PL to
SWL for lower pole stones,** Havel et al also studied
treatment of lower pole stones and noted improved
stone-free rates for PL as opposed to SWL for all
stone sizes analyzed.** Choice of lithotripsy machine
is another important variable, as treatment is
frequently more efficacious with a Dornier HM3
than with a 2nd or 3rd generation machine. Stone
burden and stone composition are paramount
concerns in selecting SWL. Lam et al used
computer-assisted techniques to estimate stone
volume prior to SWL treatment of staghorns stones.*
They found SWL monotherapy overall achieved a
51% stone-free rate, however for stones with a stone
surface area of 500mm? or less (surface area
corresponds roughly to the surface area of a 2.5 cm
stone) the stone-free rates were similar to PL. As
previously suggested by Lingemann et al, increasing
stone burden for non-staghorn calculi is also
associated with lower stone free rates*  Some
smaller cystine stones can be effectively treated with
SWL, but large cystine stones are frequently
inadequately treated with SWL. For instance,
Kachel et al reported successful SWL for cystine
stones < 1.0 cm, 1.0-1.5 cm, and >1.5 cm in 66%,
50%, and 0% of the time.** Despite the noninvasive
nature of SWL, the procedure is also associated with
potential complications. All patients should receive
parenteral antibiotics to decrease the chance of
sepsis. Patients with severe flank pain
postoperatively should have a CT scan to exclude
perirenal or retroperitoneal bleeding and ureteral
obstruction. As stone burden increases, the
incidence of steinstrasse and ureteral obstruction are
also increased.* Stone fragments can also act as a
nidus of stone regrowth. For example, Beck et al
noted patients with more than 5 mm residual stone
following SWL monotherapy had a progression rate
of 78% at 3 months follow-up.#® In addition, Streem
et al followed 160 patients with clinically
insignificant residual stone fragments following
SWL and noted at a mean of 23 months
postoperatively, 43% had a symptomatic episode or
required intervention at an average of 26 months
postoperatively .’
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Ureteroscopic nephrolithotomy. Improvements in
ureteroscopes have permitted easy access to the
proximal ureter and renal pelvis. In addition, new
technologies such as holmium:yttrium-
aluminum-garnet (Ho:YAG) lithotripy have shown
great efficiency in treatment of upper tract stones.?
In favorable circumstances, stones in the proximal
ureter and kidney can be fragmented and removed
ureteroscopically. Mugiya et al treated 20 upper
tract stones with the 200mm holmium laser fiber and
reported a stone-free rate of 100%.# In a similar
investigation, Grass et al reported on a group of 45
patients with minor staghorn calculi and found a
stone-free rate of 76% after a single treatment.
Following a second procedure in 8 patients with
residual fragments, the investigators reported a 91%
stone-free rate.” The incidence of ureteroscopic
complications is rare with the introduction of modern
instruments. Nonetheless, the ureteroscopic
treatment of upper tract stones is more challenging
than cystoscopy and the potential complications are
more significant. Most patients are left with an
indwelling double-J stent following this procedure.

Open surgery. Nephrolithotomy is currently
considered a treatment option only for large staghorn
calculi that have failed attempts at removal with less
invasive treatments or for large staghorn calculi that
would otherwise require multiple noninvasive
treatments. Open stone removal is also indicated in
conjunction with other procedures such as
dismembered pyeloplasty that improve urine
drainage. Advantages of open stone surgery are that
the patient can have a stone removed by a single
procedure  with a  single  hospitalization.
Complication rates for open surgery are similar to
PL. Money et al reported on 16 anatrophic
nephrolithotomies performed between 1987 and
1997. An open approach was selected for all patients
because of the complex nature of the stones. For this
series, an 81% stone-free rate was obtained without
major complications.*

Combination therapy. Use of  staged
endourologic techniques for stone treatment is
referred to as combination therapy. Most
combination treatments incorporate the strengths of
PL and SWL to provide safe and effective treatment
of staghorn stones. The most popular regimen,
referred to by Streem et al as sandwich therapy !+
combines an initial PL, followed by SWL, and then a
second PL to remove residual debris. Some
combination treatment regimens have not proven as
effective. The combination of PL followed by
SWL alone at our institution resulted in only a 23%
stone-free rate.”® These results underscore the
importance of the second PL procedure. Combined
therapy is best utilized for complex cases that
preclude use of monotherapy alone. Using combined
therapy, Schultz and colleagues reported a 77%
stone-free rate,>* Lam and associates noted a 78%

stone-free-rate,* and Streem et al noted an improved
stone-free rate from 52% to 70% over time for
complex stones.’! Recently, another combination
treatment involving use of ureteroscopic lithotripsy
in combination with SWL has shown promising
results. Mugiya et al noted this combination resulted
in a 61% stone-free rate for complete staghorn
calculi and an 80% stone-free rate for partial
staghorn calculi.”

Management of distal ureteral stones. Surgical
options for distal ureteral stones include URS,
extracorporeal SWL, or open surgery. The surgical
technique for distal ureteral stones is influenced by
many factors, although with distal ureteral stones
patient preference may be a more important factor.
The American Urological Association has also
devised guidelines for management of distal ureteral
stones.* According to the guidelines, patients should
be informed and offered all available treatment
options. As a guideline, patients with a stone < 0.5
mm in diameter are candidates for conservative
treatment with periodic evaluation. The timing of
intervention in this instance is subjective; indeed, any
form of patient intolerance would warrant active
treatment. As a guideline, blind basketing
procedures are not acceptable treatment of distal
ureteral stones.  The recommended first line
treatment for stones in the distal ureter is URS or
SWL. Open surgery is used as a salvage procedure
or in unusual circumstances. Use of SWL versus
URS as the most effective treatment of distal ureteral
stones is currently debatable (Table 3).5¢!

Ureteroscopy.  Ureteroscopy is an effective
treatment for distal ureteral stones. Improved
ureteroscopes today permit easy access to the distal
ureter frequently without ureteral dilation. Improved
fragmentation devices, such as Ho:YAG laser, have
also shown great treatment efficiency for larger distal
stones. Smaller stones can frequently be removed
primarily with a stone retrieval device. In recent
reports, excellent treatment rates and few failures
have been noted with URS. For example, Peschel et
al reported on a group of 40 patients with distal
calculi prospectively randomized to URS. All
patients were treated with a 9.5 F or a 6.5 F semirigid
ureteroscope.”® A 100% success rate was reported.

Table 3 - Comparison of treatment options for distal ureteral stones.

Treatment Advantages Disadvantages

lower stone-free rates
more retreatment
not always available

least invasive
few associated complications
outpatient procedure
conscious sedation possible

Lithotripsy

Ureteroscopy | essentially 100% stone-free rate | often full anesthsia
less complications today more invasive
widely available to all urologists | possible stent needed
low retreatment rate
less expensive
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The mean time to a stone-free state was 0.2 days for
stones < 5 mm and 3.7 days for stones > 5 mm.
Ureteroscopy, in their series, was also associated
with shorter operative times and less fluoroscopy
time. With the introduction of modern instruments,
the incidence of ureteroscopic complications is rare.
Typically after ureteroscopy patients are left with an
indwelling double-J stent, however this is not an
absolute requirement.

Lithotripsy.  Shock wave lithotripsy is also
considered a first-line therapy for distal ureteral
stones.* The technique is the least invasive available
treatment, especially with the introduction of 2nd and
3rd generation lithotripsy devices. In previous
investigations, overall stone-free rates of 42-96%
were reported for distal ureteral stones.*¢'  The
choice of lithotripsy device has a significant impact
on treatment efficacy of distal ureteal stones. Similar
to use of URS, some patients are better candidates
than others are for this procedure. Most importantly
patients must accept a higher possibility that
retreatment will be needed. In addition, patients
must expect a longer period of time to become
stone-free. These issues aside, patients can be
subjected to a totally noninvasive treatment often
under conscious sedation without the need for a
ureteral stent. Other factors influencing the success
of SWL include stone burden, body habitus,
intraoperative visualization of the stone during
lithotripsy. Anderson et al compared URS to SWL
administered with either the HM3 or the Lithostar
lithotripsy machines. Stone-free rates were 96% for
the HM3, 84% for the Lithostar, and 100% for
ureteroscopy.® They noted URS was more time
consuming, required routine stent placement, more
often required general anesthesia, led to longer
hospital stay, and doubled the convalescence. Based
on this data, they recommended SWL as first line
treatment and URS as a salvage procedure for SWL
failures.

Open surgery. Nephrolithotomy is essentially
considered a treatment option only for distal stones
that have failed endourologic treatment* Use of
open surgery for distal ureteral stones is exceedingly
rare in the standard patient. In the report by Kane et
al, indications for 8 patients undergoing
ureterolithotomy included failed URS (2 patients),
failed URS and SWL (1 patient), impacted stones (2
patients), simultaneous anatrophic nephrolithotomy
(2 patients), and simultaneous prostatectomy (1
patient).%?

In conclusion, the diagnosis and management of
renal and ureteral stones requires a systematic
clinical approach. After making the diagnosis of a
urinary stone, the urologist should discuss the
advantages and disadvantages of all treatment
options with the patient. For most stone patients,
many equally effective treatment approaches can
exist for the same problem. With technologic
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advances, stone treatments have improved and
complications have decreased. While patient care
has been significantly impacted by use of effective
endourologic  techniques, all patients should
complete postoperative imaging to assure a
stone-free state. In addition, recurrent stone formers
should complete a medical stone clinic evaluation to
identify treatable causes of their stones.
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